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ABSTRACT

Research Objectives: Psychophysical acceleration threshold is a tool for detecting 

deficits in dynamic postural control. Our lab has shown differences in the acceleration 

threshold among young adults, elderly adults, and elderly adults with diabetes. 

Electromyography, Semmes-Weinstein monofilaments, and hearing tests investigate the 

underlying physiological mechanisms for the detriments in postural control. Due to peri- 

sway perturbations, the motion of a person’s sway affects the signal to noise ratio for 

perturbed stance. Since increases in sway range accompany postural instabilities, sway 

entrainment will allow us to investigate changes in acceleration threshold at different 

points in sway. The center of pressure, observed for entrainment, only changes due to 

rotations about joints, specifically the ankle. The current method to model rotation about 

the ankle is a single orthogonal joint, and therefore inaccurate.

Methods: The SLIP-FALLS-STEPm Platform has lead to the ability to accurately 

measure and observe interactions in the range of postural sway. The combination of the 

platform with other testing modalities such as camera tracking systems, force mats, and 

accelerometers will allow for a comprehensive testing scheme. The new scheme can be 

combined with the induced sway produced by a sub-threshold sinusoidal entrainment 

process. The nonorthogonal modelling is programmed in Matlab®.

Results: For constant displacements, anterior accelerations thresholds via two- 

alternate forced choice (2AFC) showed differences in postural stability in mature,

iii
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diabetic individuals with peripheral neuropathy (DPN) and those who are neurally intact 

(DNI) compared to healthy mature adults (HMA), which corresponded with previous 

results of lateral perturbations. Both DNI and DPN had significantly higher thresholds 

for acceleration via 2AFC than HMA at 1 and 4 mm displacements (p < 0.01 and p<0.05) 

and Semmes-Weinstein monofilaments. For psychophysical amplitude threshold 

detection, we used our modified Single-Interval-Adjustment-Matrix to obtain amplitude 

thresholds for subthreshold frequency entrainment.

Conclusion: The anterior acceleration thresholds show that peripheral neuropathy is 

not the sole cause for postural instability with diabetes. The ability to control the motion 

of sway will allow us to describe acceleration threshold throughout the range of sway. 

With a realistic ankle model, we will be able to better simulate postural dynamics.
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CHAPTER 1

INTRODUCTION/LITERATURE REVIEW

1.1 Balance

The ability to stand up is often taken for granted since most people do not 

consciously have to control their posture. The scientific and clinical significance of 

postural and balance studies lie in the complexity underlying a second-nature human 

ability. While most people have no conscious intervention when trying to stand upright, 

others consciously have to maintain an upright posture. This decrease in mobility can 

affect personal lives and well-being. By better understanding the nature of postural 

control, one can devise methods of rehabilitation that will allow people greater control 

and stability and improve their daily lives.

Some innate mechanism must exist to keep humans standing or else everyone 

would fall down. Postural and balance studies have long presented many different ways 

to measure posture, but many are concerned with why and how people fall due to the 

large perturbation imparted on the subject.[1-6] Richerson has determined that humans 

detect perturbations as small as 0.1 mm or 60 arc-seconds of ankle movement. [7-9] 

Thus, small perturbations allow us to study aspects of standing rather than falling by 

analyzing dynamic postural control within the range of sway. [10, 11]

1
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In studying posture, one must look at the differences in populations. Prieto et al. 

showed that as people age their posture becomes more unsteady.[12, 13] Many, 

including researchers in our lab, have shown that neuropathy secondary to diabetes, 

increases postural instability as compared to those of similar age. [14-16] The objective is 

to show that differences in postural control exist in mature diabetic individuals with and 

without peripheral neuropathy as compared to healthy mature adults. We have shown 

that people with diabetes have increased high-frequency hearing loss as compared to 

healthy mature adults. [17] Based on the outcomes of these analyses, I have created new 

tools for new tests and analyses of postural control that can be implemented to better 

describe our quasi-static postural control.

1.2 Posture Studies

Posture and balance are studied in static or dynamic conditions. Static conditions 

tend to observe differences between populations of age or pathology by observing a 

subject’s sway during quiet standing.[18, 19] Dynamic conditions are created by 

imparting a sensory input or force onto the body that changes the naturally occurring 

sway. [2, 16] Dynamic conditions study recovery from induced falls and sway. [2, 16] 

Many types of movement protocols have been used to perturb the subject such as a tilt 

platform, translating platform (on order of cm), and force exerted on a belt about the 

subject’s waist.[2-6,16, 20-26] These methods, while providing insight into one’s ability 

to prevent falls, obtain little information on how we are able to remain standing.
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1.3 Studying Standing 

New technology has allowed the development of a low-vibration translating 

platform that is accurate for displacement on the range of 10'5 m.[10, 11, 27, 28] When 

perturbations are within the range of sway, the signal-to-noise ratio becomes a factor that 

can lead to misses and false positives. External cues for movement must be removed—so 

no harness is used (only for subjects who have no tendency for falls), and the subject is 

blindfolded with headphones playing white noise. Studies have shown that less than 1 N 

of force on the body can alter postural sway by increasing stability in a subject with 

decreased postural control. [29-34] The decrease in sway due to light touch has been 

attributed to the touch providing a reference point and the completion of a kinematic 

chain.[34] Vision is especially important to subjects with vestibular loss. With eyes 

closed, those with vestibular deficits show a greatly increased instability in postural 

sway.[23, 35] Eyes open and eyes closed studies have also showed significant 

differences in age-matched elderly subjects. [12]

1.4 Diabetes

1.4.1 Peripheral Neuropathy

Diabetes is becoming an epidemic in our aging society. Those as young as 45 

years old who meet certain risk factors should be tested.[36] Thomas et al. found that 

over 20% of the aging British population were at least glucose-intolerant, with 5% of 

both men and women having undiagnosed diabetes.[37] Diabetes carries with it not only 

decreased metabolic function but also an increased risk for other problems such as 

vascular and neuropathic conditions.
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Allen et al. showed that diabetes was associated with an increased risk of 

dementia and declining cognitive performance. [3 8] Studies have shown that the 

increased occurrence of vascular disease in those with diabetes increases the cognitive 

deficits seen.[39, 40] Animal models suggest that hyperglycemia causes decreased 

synaptic plasticity in the hippocampus and concludes a direct effect of insulin on the 

brain. [41]

The effects of diabetes on the nervous system are not limited to the central 

nervous system but also can be observed on the periphery. Due to the increased risk of 

falls, several methods for early detection and diagnosis of peripheral neuropathy have 

been developed. [42-49] Due to decreased sensory information which can cause 

ulceration, common clinical standards for diagnosis focus on cutaneous sensory 

disturbances.[48] Nerve conduction studies also correlate with the presence of diabetic 

foot ulceration. [50] Diagnosis provides awareness to people of their disability to try 

decrease risk of falls and injury. [51]

The cause of the neuropathic conditions in people with diabetes is not fully 

understood. Hill et al. found that the perineural cell basement membrane of the sural 

nerve is thickened as compared to controls and those with peripheral vascular disease, 

which is normally found to be present in diabetic individuals with peripheral neuropathy, 

especially in smaller fasciculi.[52] Ishii supports that decreases in insulin-like growth 

factor, which is involved in axonal and nerve development, limit the ability of nerves to 

regenerate after damage caused by diabetes, and has been shown to be an effective 

treatment for neuropathy in diabetic rats.[53] Stewart et al. have shown that auto

immune and chronic inflammation cause demyelination that causes a treatable via
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5
steroids polyneuropathy in people with diabetes. [54] Diabetes has also been shown to 

cause small fiber neuropathy, which can cause pain but result in normal 

electrophysiology exams.[55]

Genetic advancements have allowed for the research of the preceding possible 

causes in diabetic rat animals. The morphology of sciatic rat nerve graphs change to and 

from neuropathy when going to diabetic rat from control and control to diabetic rat, 

respectively.[56]

1.4.2 Balance

Peripheral neuropathy affects balance in several ways. Andersen et al. showed 

that muscle weakness in the lower leg was directly related to neuropathy, but not 

nephropathy or retinopathy.[57] Horak et al. found that severity of peripheral neuropathy 

increased the sensitivity gain in the vestibular system, which could make people with 

diabetes and peripheral neuropathy adapted to be more reliant on their vestibular system 

for postural control. [5 8] Simmons et al. found that those with only a cutaneous sensory 

deficit in the feet showed decreased postural control, while those with diabetes did 

not. [14] Dickstein et al. showed improvements in postural control through both light and 

heavy touch to the fingers in diabetic individuals with peripheral neuropathy.[30, 31] All 

these facets of posture and balance make it difficult to isolate a single control system.

1.4.3 Hearing

Hearing loss occurs through two normal pathways, conductive and sensorineural. 

Conductive hearing loss can be caused by cerumen build-up or eardrum damage.

Diabetes has been associated, however, with sensorineural hearing loss. Wackym et al. 

suggest that the sensorineural damage seen in diabetes is caused by a thickening of the
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vasculature around the endolymph causing a cytotoxic environment.[59] Duck et al. also 

support that the vasculature plays a role in sensorineural hearing loss since they showed 

diabetic individuals with hypertension had more hearing loss than normotensive diabetic 

indivduals.[60] Diabetic individuals have been found to have an increased risk of sudden 

sensorineural hearing loss, and the risked increases with age, hypertension, and 

hyperlipidemia.[61, 62] The progression of diabetes as measured by the serum creatinine 

and not hemoglobin A le has also been shown to correlate with sensorineural hearing 

loss.[63] Frisna et al. shows the systemic effect of diabetes on sensorineural hearing loss 

by supporting vascular, cellular, and metabolic complications and alterations. [64]

Several studies have found that hearing loss in those with diabetes is for high 

frequencies. [60, 64, 65] Although there is a higher prevalence of hearing loss in diabetic 

individuals, Fowler et al. state that the evidence is inconclusive on diabetes as the cause 

due to confounding factors such as noise exposure and hypertension. [66]

1.5 Quantitative Analysis 

Specific pathologies such as cerebellar ataxia, Parkinson’s disease, and vestibular 

loss allow the observer to compare the contributions of individual systems to posture and 

balance by allowing the investigator exclude those components from postural control 

analysis.[21, 23, 35, 67-69] To accurately measure center of mass, the current method 

uses three-dimensional imaging via camera systems. These systems have high data 

acquisition times, but new methods utilizing accelerometers and genetic algorithms show 

promise with the ability to estimate the center of mass with lower error rates. [70, 71] 

Instead of measuring the center-of-mass, the easier correlate is the center-of-pressure, 

which is the projection of the center of mass onto the surface on which the base of
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support lies. [72] Center-of-pressure analyses have shown as a reliable method to help 

distinguish postural control deficiencies.[12, 13,16, 29-31, 73-81] By quantifying 

postural control, we are able to statistically differentiate variations in the population and 

focus on what needs to be corrected in those with deficits.

1.6 Sway Metrics

Metrics have been derived from different models and estimates to account for 

certain descriptions of sway. The center-of-pressure time-series, both the medial-lateral 

(MLCoP) and anterior-posterior (APCoP) directions, are used to determine a third time- 

series, the resultant distance (RDCoP). Based on the three time-series, four categories of 

postural sway metrics are used to compare different groups. The mean velocity and RMS 

sway are considered the standard for postural steadiness, both of which fall into the 

category for time-domain-distance metrics.[12] The mean velocity is calculated by 

dividing the total length of the center- of-pressure (CoP) path by the total time allotted, 

and was shown to be higher in elderly adults.[12] The RMS sway will emphasize larges 

changes in the sway profile, which can indicate instability, and are also higher in elderly 

adults. [12] Other time-domain-distance metrics, range and mean distance, were larger 

for elderly adults as opposed to young adults. [12] Time-domain area metrics estimate the 

area covered by the CoP path using a 95% confidence circle or ellipse, which was larger 

in older individuals. [12] In addition, the directly calculated sway area was shown to be 

significantly larger in older individuals. [12] Although these metrics provide important 

feedback on postural stability, they lack ability to describe postural sway in the frequency 

domain.
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To account for the frequency domain in postural sway, two methods of 

quantification—time-domain-hybrid and frequency-domain measures—are used. The 

time-domain-hybrid measures frequencies based on the time-domain-distance measures. 

One, the mean frequency, allows information on the frequency of the CoP if it had 

travelled around in a circle or crossed zero. [12] A unit-less measurement of how well a 

curve fills its space, fractal dimensions, can be model from the 95% confidence circle or 

ellipse, which the ellipse is better suited for dual force platforms for measurements of a 

single foot. [12] Both fractal dimensions and mean frequency differed between elderly 

and young adults.[12] Frequency domain metrics describe the power spectral density of 

sway. The three ways to describe the power spectral density is the total power, the 50% 

power frequency, or the centroidal frequency, which shows the frequency at which the 

power is concentrated. These last two metrics allow the frequency domain to be 

correlated with action of posture in the time domain. [12] The final frequency-domain 

metric, frequency dispersion was not found to be different between young and elder 

adults as the other three were. [12]

1.7 System Modulation 

Postural control is maintained through a complex of neurological systems. Inputs 

for the control of posture include tactile, proprioception, kinesthesis, vestibular, and 

visual sensory modalities. Tactile sensors have acuity for both pressure and vibration. 

Therefore, low-vibration translation platforms were developed.fi 1] Proprioception 

provides orientation information of the limbs to the central nervous system; and Keshner 

et al. have shown that without visual input, the ankle method of balance is preferred. The 

knowledge of the limb and muscle movement and orientation help the central nervous
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system to predict movement to maintain an upright posture. [82-87] Andersson et al. have 

shown that the removal of proprioceptive feedback increases sway velocity, but also 

those with vestibular problems do not report an increased instability. [18] The vestibular 

system acts to increase a reaction to a large sway but still shows correct detection of 

movement and similar reaction time.[23] Borel et al. showed that both vestibular and 

visual input combine for head orientation and posture alignment since deviation of 

posture and head occurred for both unilateral vestibular loss in darkness and with visual 

context to the hindered side and opposite side, respectively. [3 5] When testing thresholds 

in postural sway, our group has found that the amount of force generated is less than that 

perceivable by the vestibular system.[88] Visual cues provided motion direction 

feedback to the system that can be used to induce sway in a subject.

1.8 Threshold Detection 

The uniqueness of our lab is our ability to study the psychophysics of balance. Its 

past studies have used a modified parameter estimation by sequential testing (PEST) in a 

two-alternate forced choice protocol. [7, 89] The study of psychophysics relates a 

stimulus level to the proportion of correct detections. [90] Alternate forced choice 

protocols have problems with bias that are not seen in yes/no tests.[91] Yes/no 1-up-l- 

down staircase methods can quickly come to threshold, but the statistical power is 

low. [90, 92] Kaembach developed the Single-Interval-Adjustment-Matrix (SIAM) based 

on a probability matrix to vary stepping.[93] His focus was to improve efficiencies in the 

tests rather than in the stepping protocol. SIAM is based on yes/no choice for a single 

interval. Therefore, SIAM cuts testing time by almost 50% by removing second interval. 

SIAM provides lower error than alternate forced choice in fewer trials.[93] SIAM will
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provide us a better method for determining threshold than alternate forced choice by 

reducing error and reducing the testing time. The reduced testing time provides us with 

the most benefit since it reduces fatigue during testing.

1.9 Induced Sway

Due to the chaotic motion of postural sway, one must have knowledge of the 

subject’s position in postural sway for better control of the study.[94] Fransson et al. 

showed that sway could be induced through both vibratory stimulation of the legs and 

galvanic vestibular stimulation, but both caused disequilibrium in the subjects to different 

levels of noticeable sway.[95] De Nunzio et al. has shown that sway can be predictably 

controlled when eyes are opened and closed via an oscillating platform even with 

continuous vibratory input to leg neck and trunk muscle groups.[96] Therefore, it is 

concluded that the predictable nature of the oscillation is more important than the 

proprioceptive feedback, which was also confirmed by Nardone et al.[16]

By inducing sway, one can more accurately control the experiment when inducing 

changes with signals. A new area with great possibilities especially for the realm of 

small perturbations will allow for predictive modelling of control inputs to maintain 

posture via external cues. Most studies have been shown to occur with oscillating visual 

stimuli, which can cause an observable peak in the power spectrum that is controlled by 

the frequency of the oscillation. [74, 97-100] Our lab has devised a way to entrain sway 

via a subthreshold sinusoidally translating platform.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



11
1.10 Posture Model

To assess quantitatively the modulation of postural control by difference sensory 

inputs or processing centers, mathematical models are created. The standard model for 

postural sway estimations is the inverted pendulum. The model usually consists of only a 

single joint (ankle) to simplify the model. The mathematical models provide the amount 

of torque required to keep the system stable by maintaining the center of mass inside the 

base of support. [70, 71, 101-106]

There has been a recent increase of interest in the simulation of arthropod or 

human limbs in robot design. [107-120] These multilinked robotic limbs use orthogonal 

mechanisms, usually revolute joints for their mechanisms.[121] The kinematics and 

kinetics of the limb segments are calculated with the Denavit-Hartenberg (DH) 

representation, a simplified system that uses only four of six joint parameters for motion, 

that has worked well for planar and orthogonal mechanisms for over fifty years by 

reducing matrix size and the number of matrix multiplications. [122]

Arthropod and human limbs are multilinked systems with revolute joints that are 

not orthogonal to each other or to the limb segments.[123-146] Such revolute joints, 

known as arbitrary revolute joints, produce three-dimensional spatial motion with only 

one degree of freedom, thus the revolute joints reduce the limb’s number of degrees of 

freedom and control complexity. A vector (d) and two angles of offset, the twist (a) and 

cant (P) angles shown in Figure 1.1, define the location and orientation of arbitrary 

revolute joints. The resulting limb movements are in different planes at each revolute.

The simplification of these linkages with the DH representation produces several 

problems[124] If the twist and cant angles are not 0° or 90°, the reference frames are
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projected outside of the limb segments by DH representation. If the mechanisms are 

nearly parallel to one of the coordinate axes, DH incurs large azimuth errors. [124]

I

X-axis Rotation 
Roll

Y-axis Rotatioi 
Ya\

Figure 1.1. The a and P offset axes and d offset position.

We propose a representation based on computer graphics techniques for rotation 

about an arbitrary axis that is suitable for analysis and display of kinematic chains 

connected by nonorthogonal and/or orthogonal revolute joints and is optimized to reduce 

computational cost over traditional methods.[147-150] These three-dimensional 

techniques have been used successfully in human limb simulations; (Buford et al. 2005 

has expanded them to the whole human body).[151-155] As with the DH system, a limb 

is modeled as a hierarchical kinematic chain from the ground (support) to the end 

effector. Each child link moves with its parent. In this system, the revolute joint to be 

rotated is translated to the origin; the twist (alpha) and cant (beta) angles are de-rotated, 

and the arbitrary axis is aligned with the global z-axis. The dependent points for this joint 

are then rotated through a specified joint actuation angle about the revolute; the twist and 

cant angles are re-rotated, and the revolute and dependent points are then translated back
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into position. Thus, the method is more robust than either DH or multibody because it 

includes all six joint parameters, calculates both position and orientation of each link 

relative to the joints between them, and permits the origin of each revolute to lie within 

the joint itself. Modem computer capabilities allow this more robust method to be used 

easily on personal computers.

Our proposed system places the limb segment and joint reference frames within 

the segments or joints to facilitate the measurement, design, modeling, simulation, and 

control of these natural systems. Many design engineers prefer to compute and measure 

the motion of reference frames for each limb segment or revolute relative to the body and 

global reference frames with calculated values of x, y, and z displacements and yaw, 

pitch, and roll rotations.[156, 157] Our method facilitates this computation with outputs 

of x, y, and z displacements with yaw, pitch, and roll rotations if desired by the user. The 

parameters that determine the limb and joint orientation and motion are stated explicitly 

to facilitate accurate measurement in animal limbs. We simulated models of the human 

ankle calculated from Inman’s data and crab leg base measurements from Koti’s 

thesis.[137-139]
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CHAPTER 2

METHODS AND MATERIALS

2.1 SLIP-FALLS-STEPm

2.1.1 Original SLIP-FALLS- STEPm 
System

A wealth of multi-dimensional data can now be collected during biomechanical 

studies of human motion and postural reactions to perturbation with the SLIP-FALLS- 

STEPm system. These include biomechanical measures like AP and ML Centers-of- 

Pressure, weight on platform versus weight supported by harness, horizontal ground 

reaction forces, head and foot accelerations in multiple dimensions, distributions of 

pressures under the foot, and joint and limb trajectories as measured by motion-capture 

marker systems. Multi-channel EMG data and psychophysical responses collected 

simultaneously add richness to any control model built. The SLIP-FALLS-STEPm lab 

has developed a low vibration translating platform to study the psychophysics of 

balance.[10, 11] The original setup (Figure 2.1) combined a translation force-plate with a 

pressure mat.

14
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Figure 2.1. The original SLIP-FALLS-STEPm lab consists of a sliding platform (SLIP), 
hardware and software routines (FALLS) for collecting neurophysiological, 
biomechanical (Position, Acceleration, Centers-of-Pressure), EMG and psychophysical 
data, and equipment and software to simultaneously measure position markers, and foot 
pressure distributions (STEPm). The SLIP is controlled by a single board Programmable 
Multi-Axis Controller (PMAC®) that receives commands from the FALLS computer 
(Dell DHM®). This computer also relays pre-recording instructions to the subject via a 
SoundBlaster® card and headphones. A Tekscan HRMat® measures foot pressure 
distribution with an array of 87 by 96 sensels (4 per cm2). A separate computer controls 
the HRMat®. Its data collection starts with an external RS232 trigger. Motion capture of 
the location of retro-reflective markers is achieved by a single digital camera Peak-Motus 
system, along with a back-up analog camcorder. The Peak-Motus® computer is triggered 
also by the FALLS computer with an additional sync signal generated at the start of a 
platform move. A single 4-hr test session generates over 2 GB of data, all of which has to 
be processed offline after the completion of the experiment. (Figure from ASEE St. 
Lawrence Section Conference Student Paper[158])

This setup provides redundancy, and has allowed the verification of the pressure

mat and force plate CoP measures. The development has allowed for testing of

acceleration thresholds at displacements as low as 0.1 mm. [8] By combining the platform
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test with other simple tests for reaction time to sound or touch, the reaction time of 

recognition of platform translation was higher and required a much larger perturbation 

than threshold to decrease reaction time.[159]

2.1.2 Platform

The platform consists of four linear air bearings on two rails, as constructed by 

Danaher Motion® (Westover, MA, USA). This arrangement allows near zero friction for 

platform movement. An optical encoder (Heidenhain® -  Schaumberg, IL, USA) for 

position provides 20000 counts per mm. A single plate bridges the four air bearings on 

which reside each of the four Lebow® (Columbus, OH, USA) 200 lb. load cells. Atop the 

load cells lies an aluminum plate (60.96 cm x 53.34 cm) on which the subject stands.

The air bearing receives the air supply from an Atlas Copco (Stockholm, Sweden) SF 4 

FF® oil-free air compressor with integrated dryer. The air compressor cycles from 80 psi 

to 120 psi with an attached 30-gallon air storage tank. Due to the pulsatile nature of the 

airflow, another 3-gallon tank is placed close to the platform. A minimum of 3.8 scfrn 

and 80 psi is required for the air bearings.

2.1.3 Controller

The platform is controlled by a Dover (Westover, MA, USA) DMM 2004® 

controller that uses a sinusoidally commutated Glentek® (El Segundo, CA, USA) 

amplifier to control platform movement via an electromagnetic linear motor (Trilogy®, 

Webster, TX, USA). The controller has a cutoff switch in case of loss of air pressure 

(below 80 psi) to the bearings to prevent damage if pressure drops. In addition, limits, 

and home location are programmed into the controller to kill the motor when limits are 

exceeded and to find the initial position.
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2.1.4 Computer-Controller Integration

The controller is provided commands via a PC RS-232 serial port. Labview® 6 

(National Instruments, Austin, TX, USA) was the software under which the experiment 

protocol was developed. Through Labview®, commands are sent via RS-232 to the 

Dover for control of the platform. Labview® also sends out commands to the user via a 

sound card that is connected to an audio mixer. The audio mixer merged the Labview® 

commands with bell tones and white noise, which is sent wirelessly to headphones and 

speakers. The bell tones provide feedback to the user that the button press registered.

The white noise masks all external sounds cues to the movement. Labview® controls a 

National Instruments® (Austin, TX, USA) PCI 6034E multifunction data acquisition card. 

Data are collected for 16 channels at 1 kHz. The data are stored in plain text file comma 

delimited files as raw values. The data are backed-up via CD-R. All data are transferred 

to a USB® hard drive for offline processing in Matlab®. Data is converted via Matlab® 

batch programs to engineering units and are stored in Excel® spreadsheets for further 

analysis.

2.2 Data Collection

2.2.1 Calculations for
Quiet Standing Metrics

All calculations were performed in Matlab® using self-written programs. Eq. 1

calculated the peak imparted kinetic energy (p).

Where m is the subject’s mass, a is the peak acceleration threshold, and d is the 

platform displacement, the peak imparted kinetic energy accounts for each individual’s
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mass in relation to each individual’s peak acceleration threshold. The peak energy occurs 

at the peak of velocity that is at half the displacement due to the way the controller 

smooths the perturbation. Due to the symmetric curve of the acceleration the average 

acceleration equals half the peak acceleration. Therefore, we obtain the peak velocity by 

multiplying half the acceleration with the displacement.

Prior to each threshold detection session, twenty seconds of quiet standing data 

were recorded to assess an individual’s natural sway. These quiet standing periods 

yielded three quiet standing observation periods per individual. Sway parameters are 

calculated from the four load cells of the force-plate by Eqs. 2 and 3.

APCoP = 209-55( h + h - k - l i )  (2)
w

MLCoP -  174.625(1, I /, - 1\ -  /4) ^
w

Where 209.55 and 174.625 are the distances in millimetres between pairs of load 

cells in the anterior-posterior and medial-lateral directions, respectively

The anterior-posterior center of pressure (APCoP) and medial-lateral center of 

pressure (MLCoP) time-series profiles were derived from the load cell (I) data[l 1], with 

the convention that forward and rightward were the positive directions with w being the 

sum of all four load cells. The load cells were numbered counter-clockwise from the 

back left of the platform. All MLCoP metrics are calculated the same as APCoP as 

follows with the MLCoP substituting for the APCoP. The time series with the means 

subtracted out were filtered using a 10 Hz type 2 Chebyshev low-pass filter. From these 

time-series, the resultant distance (RD) is calculated to provide a time series of the vector
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distance combining each APCoP and MLCoP pair (Eq. 4), where N is the total number of 

samples in the time-series.

RD(n) = JAPCoPin)2 +  MLCoP(nf ;n = 1 (4)

Based on these time-series (TS), we calculated metrics suggested by Prieto et al. 

who had shown differences in aged and young adult groups as mentioned in the 

introduction.[12] They are broken up into four categories: time-domain distance, time- 

domain area, time-domain hybrid, and frequency domain measures. From the time- 

domain distance metrics, mean (MDIST) were calculated (Eq. 5) for RD, APCoP, and 

MLCoP[12], along with the standard deviation (Eqs. 6-7) and range (Eq. 8) of each time 

series. Root mean square distance (RDIST) for the AP ( s a p )  and ML ( s m l )  directions is 

the standard deviation of each respective time series.

MDIST = y N Y,TS{n) (5)

RDIST = y / N Y ,T S ( n f  (6)

sm  =  VRDIST2 -M D IST2 (7)

range =  max— min (8)

The total excursion (TOTEX), a summation of the changes in distance per unit of 

time, was calculated for APCoP, MLCoP, and the vector distance (Eqs. 9-10) change of 

both. [12]

N - 1

TOTEX = 2
n—1

(.APCoP(n +1) -  APCoPin))2 

+  (MLCoP(n +1) -  MLCoP(n)f

Yi
(9)

N - 1

TOTEXap = APCoP{n +1) -  APCoPin) | (10)
n= 1
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The mean velocity (MVELO) is calculated from the TOTEX, TOTEXap, and 

TOTEXmi.[12] MVELO (Eq. 11) provides the average velocity for the entire time (T) of 

the quiet standing period.

MVELO = TOTEX IT  (11)

The two time-domain area measures that are calculated are the 95% confidence 

circular area (AREA-CC) and 95% confidence elliptical area (AREA-CE) with 95% 

confidence level coming from the z  and F statistic (Eqs. 12-13) for 95% confidence ( z .0 5  

= 1.645; F.05[2,oo] = 3.00) respectively.[12] The covariance ( s a p m l )  is required for the 

AREA-CE calculation (Eqs. 13-14).

A REA-C C  = n{MDIST + zjasSD) (12)

AREA — CE — 2tcF05|-2jOO] \ ] s a p s m l  ~  s a p m l  ( 1 3 )

Sapml = APCoP(n)MLCoP(n) (14)

The hybrid measures include sway area (Eq. 15 estimates area enclosed by COP 

path per unit of time), mean frequency [both rotational (Eq. 16) and in the respective 

APCoP (Eq. 17) and MLCoP planes], and fractal dimension (FD) (Eqs. 18-20 based on 

TOTEX (FD-PD), AREA-CC (FD-CC), AREA-CE (FD-CE)).[12]

JV-l

sway area — y ]
n= 1

APCoP{n + X)MLCoP{n) 
-APCoP(n)MLCoP{n +1)

(15)

MFREQ = MVEL0 (16)
InMDIST

MFREQAP =  (17)
4>/2MDIST a
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Eq. 15 uses the planar diameter (d) for fractal dimension calculation, which is the 

difference of the range of RD. To calculate the 95% confidence interval of FD-CC and 

FD-CE, d  is replaced with J f d - c c  and < / d - c e  (Eqs. 19-20).

FD =  log W    (18)
\og(Nd/

'TOTEX)

d f d - c c  =  2 (MDIST + z 05sRD) (19)

d F D -C E  =  ^ ^ .0 5 [ 2 ,o o ] " \ I S A P S ML ~  S APML ( 2 ^ )

For the frequency domain, the total power, 50% power frequency (median power 

frequency), 95% power frequency (95% percentile power frequency), centroidal 

frequency, and frequency dispersion were calculated using discrete Fourier transform and 

not the sinusoidal multi-taper estimate. [12] The frequency domain metrics were 

calculated for all three time-series. The metrics were based on the spectral moment, //k 

(Eq. 21). Only frequencies from 0.15 to 5 Hz were analysed so i and j  provide these limits 

while A/is the frequency increment for the power spectrum.

f t  = / ( m A / ) ‘ G(m) (21)
m=i

Eq. 22 incorporates pikto calculate the total power of the spectrum (POWER).

Eqs. 23 and 24 calculate the lowest frequency (index u and v respectively) of which the 

sum contains 50% and 95% respectively of the total power.

POWER = Mo (22)

50 PFREQ = ^ 2  G(m) >  0.50^ (23)
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V

95PFREQ = G(m) >  0.95//0 (24)
m—i

The centroidal frequency (CFREQ) is the frequency in which the spectral mass is 

concentrated (Eq. 25), while the frequency dispersion (FREQD) is a measure of the 

variability of the spectrum (Eq. 26).

2.2.2 Subject Questionnaire

All subjects were given the RAND 36-item (with Depression Screener) health 

survey, a modified version of the short form 36-item (SF-36) health survey, which has 

shown correlations of poor health scores with individuals who had diabetes. [160-164]

The RAND evaluates a person’s self-reported physical and mental health in relation to 

his ore her quality of life. Jenkins et al. and Lyons et al. verified the validity and 

reliability of SF-36 health survey in an elderly population. [165, 166] Lower scores were 

correlated with elderly who have a fall risk. [167] Post-test scoring was performed 

automatically within an Excel® spreadsheet.

2.2.3 Foot Sensory Test

Semmes-Weinstein Monofilaments (SWM) were used to assess sensory 

thresholds on the sole of the foot by exerting a constant force based on buckling strength 

of the monofilament pressed to the foot. SWM is a standard measure for assessing risk of 

diabetic foot ulceration, and cutaneous sensory peripheral neuropathy. [43, 47, 48,168, 

169] The monofilaments are marked with a log of the force exerted in grams by the

(25)

FREQD =  J l  -  f t (26)
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monofilament. These threshold measurements were taken on the plantar surface at the 

great toe, metatarsal at the first and fourth digit, and heel. The procedure required that 

two out of three touches be detected for a given monofilament to be at threshold at a 

location. For simplicity, with eyes closed, subjects were asked to respond when they felt 

the probe. For the SWM test, a discrepancy in sample size exists across the test sites 

because we did not begin taking measurements at the heel and fourth metatarsal until 

after a number of subjects had been recruited.

2.2.4 Peripheral Neuropathy Test

Surface lower-limb nerve conduction tests, performed by Overton Brooks VA 

Medical Center Neurology Service by a technician supervised by a neurologist, 

determined the presence of peripheral neuropathy. Nerve conduction velocities were 

measured for the peroneal, tibial, and sural nerves bilaterally. In 15 subjects (4 DNI, 5 

DPN, and 6 HMA), no sural nerve conduction velocity could be obtained. Inferences 

cannot be made from the inability to find sural nerve CVs via surface electrodes as sural 

nerve studies often require the use of needle electrodes. [170-173] M-wave and F-wave 

latency tests were performed on the peroneal and tibial nerves.

2.2.5 Analysis

Electrophysiological and subject screening results were analyzed in SPSS® via an 

ANOVA with Games-Howell post-hoc correction to compensate for the unequal group 

sizes and variances. Quiet standing metrics also used a post-hoc Games-Howell after 

ANOVA with repeated measures. Statistics on Mini-Mental Exam, Berg Balance Scale, 

RAND, acceleration thresholds, and SWM were performed in SPSS® with Kruskal- 

Wallis one-way ANOVA. The Kruskal-Wallis one-way ANOVA allowed us to account
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for the subjects who did not reach threshold but went to the maximum allowed 

acceleration of the test for acceleration thresholds. The Kruskal-Wallis was performed 

pair-wise on groups as a post-hoc test. For SWM tests, geometric means are reported 

instead of the log values because of the power law nature of tactile perception. [174, 175]

2.3 Specifications for a New Lab

With a move to another university, we have had the chance to set up a second 

SLIP-FALLS-STEPm research lab for fundamental studies, while maintaining the 

original lab in a clinical setting within the VA research service. A series of specifications 

for the new lab, which I designed a new lab from, were presented[158] and listed below:

1. The essential elements of the user interface needed to remain the same as 

seen from the clinical environment.

2. The command and control aspects of the platform had to be functionally 

equivalent to previous implementations, and the previous code had to be 

reused when possible.

3. The operator should be provided a user-friendly interface with which to 

monitor the progress and output of all these processes in real-time during a 

testing sequence.

4. The number of channels of data collected by the FALLS protocol must be 

increased to allow for additional sensor and EMG inputs.

a. The EMG channels were to be increased from the original four to a 

user-selectable between four and sixteen. The amount of support 

the safety harness provides to the subject should also be collected 

and calculated.
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5. The researchers should upgrade to more sensitive sensors where needed.

6. The motion analysis system should be upgraded from a single camera, 2-D 

system to a multi-camera, 3-D system.

7. The FALLS data should be immediately stored in engineering units rather 

than in raw voltages that required post-possessing. EMG potentials should 

be converted on-line and stored as RMS time-series data with a further 

conversion to a percentage of that seen under maximal contraction if 

possible.

2.4 New Lab Solution

As our current setup was incapable of performing the required computations 

without long processing times causing testing delays, we focused on what was needed to 

meet these objectives. We needed a system that would remain under the Windows XP® 

operating system to maintain current software and equipment drivers. This requirement 

satisfied the first through third specifications. The remaining specifications required 

additional new or replacement equipment.

We developed a new multithreaded testing program in Labview® that allowed for 

same input methods as in previous versions. Via Labview® notifiers, processed data can 

be sent to the display terminal for viewing by tester. The software worked on the control 

and command system as previous testing protocols did. This equipment also satisfied the 

first three specifications for new lab setup.

To meet the fourth specification we had to upgrade our National Instruments® 

(NI®) multifunction data acquisition card (NI PCI 6034E®) with 16 analog inputs to a 

card supporting 32 analog inputs (NI PCIe 6259M®). We also freed up additional analog
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input by rerouting the subject response (bell) to the digital inputs instead of counting 

peaks of analog input. To provide signal conditioning and signal access, we used an NI 

SC-2345® signal conditioner box for 16 channels and NI BNC 2090® terminal box for the 

other 16 channels and digital input and output. Originally, all signals were conditioned 

by separate external Daytronics® signal conditioning modules with numeric displays. 

Now, a National Instruments® SC-2345 system is used that enables us to do individual 

two-stage signal conditioning on each line if needed (e.g., strain gage Wheatstone bridge, 

followed by low pass filtering). The Lab VIEW® mx driver software takes care of gain 

and offset calibration so that data is already in calibrated engineering units (i.e., mm), 

rather than in raw voltages. This automated scaling and unit conversion occurring at data 

collection decreases the need for post-processing and partially addresses our design 

criteria six.

The NI BNC 2090® has a dual functionality of allowing us access to EMG signals 

so they can be inputted into the Peak Motion® capture system. To acquire these signals 

in the Peak® system and to meet the fifth specification, the motion capture hardware had 

to be upgraded. Since the purchase of our previous system, Peak-Motus® was acquired 

by VICON®. This allowed us to upgrade to VICON’s® superior cameras and hardware, 

while maintaining same user interface with updated Peak software. The new 16-channel 

Delsys Bagnoli® EMG amplifier has a 50-pin output connector that interfaces directly to 

a NI BNC-2090® breakout box that handles 16 analog input channels, but that also allows 

us access to these signals, as well as providing the DIO outputs and inputs from the data 

acquisition card. The EMG system had a gain of 1000 that saturated at ± 5 V. With the 

upgraded EMG system, we can acquire inputs from eight bilateral muscle groups on the
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body via single or double differential electrodes. For the new testing setup, EMGs were 

acquired with the single differential electrodes for the gastrocnemius, tibialis anterior, 

and sternocleidomastoid muscles. To separate soleus activity from the gastrocnemius, a 

double differential electrode was used over the upper portion of the Achilles tendon. All 

EMGs were acquired bilaterally. These changes could allow EMGs to be monitored not 

only in the muscle groups about the ankle, but also the thigh, trunk, and neck muscles, 

which are now recorded.

We maintained the same hardware for our Tekscan HR Mat®. The Tekscan HR 

Mat® provides high-resolution foot pressure data. The pressure mat consists of 87x96 

sensels (25 mm2 each), which collect data at 50 Hz. The pressure mat confirms our own 

CoP calculation and has the ability to determine it in relation to regions of the foot. We 

are also able to determine the CoP, and its metrics, for each foot.

Using the DIO via NI BNC-2090® provided a much better method of recognizing 

a subject’s response than analog input with peak detectors. It was setup so a subject 

could press one of two buttons on the Visonic® two-button wireless remote (WT-102®) to 

make responses based on platform movement. The WT-102® signals the WR-300 2B® 

receiver, which provides separate outputs for each button. Both outputs are inputted into 

separate digital inputs and a custom bell circuit to provide audio acknowledgement of 

button press to subject and tester.

The DIO on the BNC-2090® is the output for all synchronization signals. The 

Labview® controls the values for the three synchronizing signals: Tekscan® Start, Peak 

Start, and Peak Sync. Tekscan® Start signals the Tekscan I-Scan® software to begin 

recording when it goes high and to stop recording when it goes low. Peak® Start signals
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the Peak-Motus® software to begin recording for a predetermined amount of time with a 

high pulse. Peak Sync signals the Peak-Motus® software, which synchronizes when the 

platform perturbation occurred with a high pulse.

The NI SC-2345® signal-conditioning unit provided analog data input for all non- 

EMG channels. Custom circuitry was developed on SC-FT-01® feedthrough- breadboard 

modules to provide necessary gain and null offsets to both the head and platform 

accelerometers. The circuitry provided a gain of 10 to the accelerometer output to 

provide ± 1 g range of acquirable data to the saturation of NI® data acquisition card (±10 

V). The Endevco® 7290-A was chosen as the accelerometer due to its ± 2 g range and 

0.0005 g resolution. It is 10 times as sensitive as the original platform and head 

accelerometers. Three Endevco® 7290-A accelerometers were secured to a precisely 

milled steel cube to provide a single tri-axial accelerometer for the head. The 

accelerometers circuitry provided an output of one mV per mm/s . The gravitational 

acceleration was subtracted out for the vertical z-axis. The system maintained the 

original four load cells of the original force plate. We also still collect the position and 

motor current (shear force) from the Dover® controller.

For the final specification, the data had to be converted on the fly to engineering 

units without causing any testing delays. A computer was needed that could process 

parallel threads and not only use pre-emptive multitasking. New compact multi

processor server technologies were our focus for a new FALLS computer. We decided to 

purchase a Gateway® E-9515-R series server to meet the fourth specification.

Traditionally, computers multitasking in a network environment required a server- 

style operating system. Due to such a small consumer base, there were few hardware
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drivers available, which have left a mark on those who had endeavored to use its power 

in the past. With the advent of Windows XP® to the general consumer, which is based 

off Microsoft’s original server platform, the possibility of a user-friendly server platform 

became available. Windows XP® was chosen due to its widespread use and familiarity. 

Yet, Windows XP® is not supported for server systems that it can handle since companies 

make more money off the licensing fees of their server operating systems.

Windows XP® has both great hardware and software support, but it is difficult to 

purchase with a server from major computer manufacturers, because they want people to 

purchase one of their newly branded server operating systems, which keeps with the old 

tradition of having poor hardware and support for the everyday user and researcher.

These server operating systems are expensive, which comes at the cost of paying per user 

license that allows for a true multi-user environment. Although this provides a limitation 

to the consumer, a multi-user environment would be a seldom-used feature in the lab 

environment. Since companies want the consumer to pay hundreds to thousands of 

dollars more for official server operating systems, they place limits on the software so it 

can only use a certain amount of the computer’s resources.

Windows XP® has a limit of two physical processors, but thanks to new 

technologies in the central processing unit (CPU), the limitation has become less stifling. 

Our new server-class machine is composed of two Intel Xeon 2.8 GHz Dual-Core 

Processors® (Figure 2.2). Each core also contains hyper-threading technology that is 

similar to dual-core, but they share resources. The sharing of different resources is what 

differentiates hyper-threading and multi-core technologies from a full multiprocessor 

system. All cores on a multi-core processor share the same bus to peripherals and
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memory but have separate registers and cache. Hyper-threading not only shares the same 

resources as their respective cores but also shares the respective core’s registers and 

caches. Therefore, the software limitation imposed on us is met since we only have two 

physical processors. That limitation is downplayed since we have eight logical 

processors on which programs run.

To take advantage of extra processors, software today is multithreaded, which 

translates into breaking up the program into smaller operations that can run independently 

and asynchronously. New multithreaded programs are able to push the processing 

envelope by distributing the workload across all the logical CPUs. For our SLIP-FALLS- 

STEPm platform, we use Labview® to run our experiment, record data, process data, and 

synch with other research systems. Labview® provides a nice graphical programming 

interface so novice programmers can use it. It also allows for the flexibility in advanced 

programming for creating threaded applications, with communication streams between 

each, and for communicating with third party software.

The majority of our data analysis is performed in the Matlab® package. With 

Labview® 8.0, you have an easy way to script object code for communication and 

processing in Matlab®. Given that we integrated and threaded our data acquisition and 

analysis, we have virtually eliminated offline processing time. In addition, Matlab® can 

take advantage of Intel’s Extended Memory 64-bit Technology® (EM64T). The EM64T® 

permits us to run Matlab® 64-bit on our server, which also requires a 64-bit operating 

system (Windows XP 64-bit®). With 64-bit software, the EM64T® allows one to address 

over 4GB of memory, which will dramatically decrease the processing time by removing
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hard drive reads and writes due to virtual memory usage. In addition, the EM64T®

provides 64 bits of precision for accurate calculations.

Multithreaded Gateway server running
Windows XP, Labview 8.0, MatLab 2006b:

1. Control experiment and syne devices;

2. Collect data using parallel threads;

3. Con’t Calc. AP, MLCOPand Weight;

4. Display results of each IS to 19s run;

5. In the 3s between runs, convert data to 
engr units, add time units, and store;

6. Between runs, convert TekScan data to 
series of Excel spreadsheets, add time 
column, and analyze;

7. Between runs, scale EMGs to 100% of 
Max. Voluntary Contraction and save;

Gateway E-9515R Server SLIP-FALLS 
I.oad Cells, 
Platform Accel, 

Position Position. Bell,
& Motor Head Accel X3, 
Current Supported Wt, 

From Hand Pressure 
PMAC Sensor

8. Calculate next stimulus parameter and 
start next trial.

Peak Motus 4*Digital Camera Sys;

1. Calibrate marker space;

2. Capture location of markers 
in space as a ftn of time;

3. Auto-increment file names for 
each trial in a run;

4. Calculate as a ftn of time, COM, 
distances & angles (syne time);

5. Capture synced color video 
if needed.

NI SC2345
32 Chub Sienal Cond
each at NI BNC2090
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T
DeiSys 
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Maxtor NVIDIA QuadrDual Displays
Grauhics Card300Gb

HD
CPUsIEEE 

602,11 h
Keyboard 
& Mouse 3 HotS wap

RaidS SCSI 
Drives@0.3GB/s

Dover DMM 2004
SLIP-FALLS 
Encoder in MIPCIe

switch states
I

COM3 
► CH Ethernet

Motor Drive
to SLIP-FALLS

SCSI CardAtlas Sound Gl’N 1200
White
Noise Magma PCI Bus ExtenderSound

Mixer
I AOpen Cobra 

ound Cardomntattds

Xmmerj 1v>m, > ekMat
ntrllr

IriBcerButton
Xmttr t.GM I

A->DV
Cnvrtr

30 fps Video r i r t 'V i

EthernetBosch Dmion-xf 
Color Camera

GB 
Ethernet Sw, Camera 

MX Control
1

limn-t

4MPixeI MX NE1 
Ethernet Sir.250 Hi

Vl< ON MX40 
Dipt tic imeras

TekMat 
i  87X96
! Sensels 

@50 Hz

Peak Computer 
(3 GHz)(0.5 GB RAM)

Converted and time syncronized data waiting for further analysis 
and eross-eorrellation, without the need for further post-processing

Figure 2.2. New equipment set up. A dual core, multi-processor Gateway® server running 
Windows XP®, Labview® 8.0 and Matlab® 2006b is the new FALLS computer. The 
Magma® PCI bus extender attached to it via a SCSI connection allows the use of vender 
cards with the older PCI bus structure. The graphics card in the computer supports up to 
four simultaneous monitors. Three hot-swappable 200GB drives are configured as a 
RAID 5 set, to provide for data collection redundancy. The A/D card is expanded to 32 
channels, with 16 now coming via cable from a 16-channel Delsys® EMG amplifier. The 
Tekscan HR Mat® controller PCI card no longer resides in a separate machine, so that 
data can now be better time-synchronized. The motion capture system is upgraded to a 
four-camera system, each at four MPixel at 250 Hz, along with faster CPU. If desired, an 
analog video record of the test can be acquired. The output of the new system is such that 
no post-processing is required before correlative analyses can be carried out. [Figure 
from ASEE St. Lawrence Section Conference Student Paper[158]]
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The new server provided the processing abilities to run Tekscan I-Scan® and our 

experimental protocol in Labview® simultaneously. Some older cards (audio and 

Tekscan® PCI cards) are set up for the old 5 V protocol that was removed in the latest 

revision (3.0) to the PCI/PCX standard. We installed a rack-mounted PCI bus extension 

system by Magma®, which allowed up to four 5V PCI devices to share a single 3.0 PCI 

slot in the server and be backward-compatible. The bus extension worked well with the 

audio card (used for subject commands) and Tekscan® card (used for foot-pressure data 

acquisition) allowing us to incorporate both in our server configuration.

The small physical size of our server (form factor 2U of a rack enclosure) cuts 

down the volume of the equipment need for the testing system, which is aided by having 

low-profile PCI ports. We used low-profile PCI slots for a serial port (RS232) expansion 

card and SCSI 320 Mb/sec hot swappable RAID 5. The extra serial ports allowed us to 

control multiple pieces experimental hardware (Dover DMM 2004® and Tekscan HR 

Mat®), simultaneously. Using RAID 5 for disk storage gives great data protection with 

only minimal loss of space as opposed to mirroring the hard drives. By striping the data 

across the hard drives with a parity bit (RAID 5), it enables the user to rebuild a hard 

drive’s data completely for high data security if one crashes. In addition, the speed of the 

hard-drive is increased by a factor greater than three, which cuts down on drive access 

time during file storage after processing.

Server hardware was not designed for any flashy graphics cards, and there is no 

set high-speed graphic bus to use. However, the server has the new PCIe standard that 

many high-powered video cards currently use today. For our test monitoring, we chose 

the workstation class video card by NVIDIA® because it gives us the ability to monitor
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all test parameters simultaneously given its ability to run up to four digital monitors.

Also on the PCIe bus, we have our National Instruments® data acquisition card.

The Yicon-Peak® system is a three-dimensional marker based camera system.

The digital input and output (DIO) ports of the National Instruments® DIO allow for 

triggering and synchronizing the video capture data to test events. Synchronizing is 

needed since there is a delay before the cameras began recording. Synchronizing also 

allows the three-dimensional motion capture data to be aligned with the other data 

acquired by the server.

2.5Ankle Model

2.5.1 Software

Analysis routines were written in Matlab® to have access of the matrix 

mathematics functions. The program was object-oriented to allow for ease and robustness 

of expansion. [176] The software provided text (Excel® Spreadsheet), jpg (picture), and 

avi (video) output representing motion.

2.5.2 System representation

The simplest system has two segments and a single revolute joint. The reference 

frame for the first link is placed at the origin of a Cartesian coordinate system. The 

displacement vector (di), the x, y, and z coordinates, represent the distance from the first 

segment’s reference frame to the center of the first revolute. The limb local coordinates 

may be placed anywhere, including a location along the revolute axis. The ai and [i\ 

angles are the twist and cant angles of offset from the preceding segment’s reference 

frame that are needed to align the revolute axis of motion with the z-axis of the preceding 

limb. In relation to the second limb, the 0.2, fh, and d2 are the variables defined that are
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needed to rotate the axis of rotation to align with z-axis of the next segment and to find 

the distance from the joint center to the following segment’s center. Setting subsequent 

displacement vectors to zero simulates saddle (2-orthogonal revolute joints) and ball and 

socket joints (3-othogonal revolute joints).
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CHAPTER 3

DIABETIC POSTURAL CONTROL

Our objective was to show that detriments to postural control exist prior to the 

development of peripheral neuropathy in Type-2 diabetes with no fall history. This study 

tested diabetic mature adults with peripheral neuropathy (DPN: n=l 7, nerve conduction 

velocity < 40 m/s) and without peripheral neuropathy (DNI: n=l 1) and healthy mature 

adults (HMA: n=34), all aged 50 to 74 years. No nerve conduction or latency differences 

existed between HMA and DNI. All underwent static and quasi-static postural 

assessments, with the latter assessed by short anterior platform perturbations.

3.1 Hypotheses

3.1.1 Acceleration Threshold 
Hypotheses

• Diabetic mature adults with peripheral neuropathy would have higher acceleration 

thresholds than those who are neurally intact and healthy mature adults.

3.1.2 Quiet Standing Metrics 
Hypotheses

• Diabetic mature adults with peripheral neuropathy would have higher mean 

distance of sway than those who are neurally intact and healthy mature adults

35
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• Diabetic mature adults with peripheral neuropathy would have higher root mean 

square distance of sway than those who are neurally intact and healthy mature 

adults.

• Diabetic mature adults with peripheral neuropathy would have higher range of 

sway than those who are neurally intact and healthy mature adults.

• Diabetic mature adults with peripheral neuropathy would have higher area of 

sway than those who are neurally intact and healthy mature adults.

• Diabetic mature adults with peripheral neuropathy would have larger 95% 

confidence circle and ellipse of sway than those who are neurally intact and 

healthy mature adults.

• Diabetic mature adults with peripheral neuropathy would have higher fractal 

dimensions of sway than those who are neurally intact and healthy mature adults.

• Diabetic mature adults with peripheral neuropathy would have different frequency 

components of sway than those who are neurally intact and healthy mature adults.

3.1.3 Physiological Measure 
Hypotheses

• Diabetic mature adults with peripheral neuropathy would have lower nerve 

conduction velocities than those who are neurally intact and healthy mature 

adults.

• Diabetic mature adults with peripheral neuropathy would have higher Semmes- 

Weinstein monofilament thresholds than those who are neurally intact and healthy 

mature adults.
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3.1.4 Self-reported Health Measures 

Hypotheses

• Diabetic mature adults with peripheral neuropathy would have poorer self- 

reported health scores than those who are neurally intact and healthy mature 

adults.

3.2 Subjects

Our subjects were well-controlled diabetic mature adults with peripheral 

neuropathy (DPN: 4 female and 13 male) and without peripheral neuropathy (DNI: 4 

female and 7 male) and healthy mature adults (HMA: 14 female and 20 male). To enable 

a precise comparison, only subjects who completed our entire electrophysiological and 

acceleration threshold test protocol were used for this analysis. Their primary care 

physician had previously diagnosed each DPN or DNI with Type-2 diabetes. Subject 

recruiting took place via flyer advertising at the Overton Brooks VA hospital in 

Shreveport, Louisiana, and in the local area. Individuals from 50 to 75 years of age, 

inclusive, were labeled as mature adults. Our test protocol was approved by the IRBs of 

the Shreveport VAMC and Louisiana Tech University.

3.3 Screening

A medical history questionnaire was given to each potential subject. Individuals 

were not tested further if they had a medical history of cardiovascular and/or respiratory 

disease, neurological problems such as cerebrovascular disease, stroke, head or spine 

injury, vestibular ailments and dizziness, memory and concentration deficits, muscle 

activity deficits, or non-healing skin ulcers. Orthopaedic problems such as lower back 

pain or spasms, arthritis or joint disease, and deformations of joints or bones led to
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exclusion of individuals from the study. Those with past or current drug or alcohol 

dependence were also excluded.

All consented subjects were screened with the Berg Balance Scale and Sharpened 

Romberg Test to assure that they were able to operate independently from assistance, and 

their vision was tested (Snellen Eye Chart). In addition, the subjects were tested with the 

Mini-Mental State Exam to insure that they were mentally competent to follow 

instructions during the experiment. Patellar and Achilles’ reflexes were tested to confirm 

that they were present and normal. The DPN and DNI groups had hemoglobin Ale 

values below 9%., with no group differences seen in values or in number of subjects with 

values >7.0 (4 DPN, 2 DNI).

A temporary classification of Healthy Mature Adult (HMA) was made for all 

consenting subjects who reported no history of diabetes or neurological impairment. 

Perturbation testing on all of our subjects commenced before, during, or after the nerve 

conduction tests were carried out, as the scheduling of the nerve conduction velocity tests 

by the Neurology Service were on a fill-in basis between clinical tests. Once the nerve 

conduction velocity results were in, a final classification into an HMA group could be 

made. Of the 46 individuals without a history of diabetes that went through our protocol, 

34 were classed as HMA and are studied here. The remaining twelve were positive for 

peripheral neuropathy during the nerve conduction velocity testing. These individuals 

were excluded from this analysis since we did not know the cause or the extent of the 

neuropathy, as Nardone et al. showed that different types of peripheral neuropathy affect 

postural stability to different degrees, and we could not rule out diabetes, given the 

epidemic prevalence of undiagnosed diabetes in mature adults. [16, 36, 37]
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3.4 Procedures

The preceding tests provide physiological backgrounds on individuals for our 

posture test protocol. The 2-Alternate Forced Choice acceleration thresholds to forward 

perturbations of constant displacement were carried out on the SLIP-FALLS-STEPm 

platform while subjects were blindfolded.[11] The acceleration was varied based on a 

modified version of the parameter estimation by sequential testing (mPEST) method. [92, 

177] During the first ten trials, two consecutive correct responses (l-up-2-down method) 

were required to decrease acceleration, whereas only three (1-up-3-down method) were 

needed afterwards, which increased the statistical power behind the threshold. [177] The 

l-up-2-down and l-up-3-down methods provided 70.7% and 79.4% correct responses, 

respectively, to attain a reliable psychophysical threshold. [90]

Threshold was said to be reached when increments became less than 2% of the 

original increment value unless the subject completed all 30 trials where we required 

79% correct at a specific acceleration to be taken as threshold. [90] Air bearings insure 

that the ultra-low vibration, frictionless platform provides no movement cues and allows 

for the test of movements within the range of sway. The subjected is presented via 

wireless headphones pre-recorded commands with white masking noise of “Ready,” 

“One,” “Two,” and “Decide.” During the four second decision period, the subject must 

decide in which period he or she perceived the perturbation to have occurred, by a single 

(Interval 1) or double (interval 2) bell press. The subject needed to accrue a correct 

detection percentage of 79% for an acceleration to be considered threshold. The platform 

moves in a 100% smoothed s-curve, which allows for symmetrical acceleration and 

deceleration of which the peaks are used as the measurement for threshold. [8, 11]
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3.5 Results

We hypothesized the peripheral neuropathy secondary to Type-2 diabetes would 

cause a decreased ability to detect subtle platform perturbations. We found instead that 

the ability to detect platform perturbations is diminished in well-controlled diabetic 

mature adults with peripheral neuropathy (DPN) and without peripheral neuropathy 

(DNI), both as compared to healthy mature adults (HMA), suggesting that the presence of 

diabetes itself was a major factor in an increased detection threshold.

3.5.1 Subjects

There was no significant difference in age, height (h), or body mass index (BMI) 

(Eq. 27) between DNIs, DPNs, and HMAs.

B M  = %  (27)
hr

While mass (m) was not significantly different between HMA and DNI or DNI 

and DPN, it was significantly different (p <0.05) between HMA (83.2 kg) and DPN (98.3 

kg), as shown in Table 3.1.
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Table 3.1. Subject Information.

HMA (n=34) DNI (n=l 1) DPN (n=17)

Mean 95% Cl Mean 95% Cl Mean 95% Cl

Age (yrs) 57.4 ± 2.16 59.1 ± 5.31 60.9 ± 2.72

Height (m) 1.68 ± 0.03 1.69 ± 0.06 1.74 ± 0.05

Mass (kg) 83.2* ± 5.6 97.8 ± 17.12 98.3 ± 9.28

Body Mass Index (kg/m2) 29.5 ± 1.71 33.7 ± 4.22 32.7 ± 3.18

* HMA vs. DPN p<0.05.

3.5.2 Peak Acceleration Thresholds

A difference exists in DNI and DPN acceleration threshold values for all move 

displacements (Figure 3.1). Both DNI and DPN had significantly higher thresholds than 

HMA at 1 mm (p<0.01) and 4 mm (p<0.01 and p<0.05, respectively) displacements 

(Table 3.2). A strong trend was also noted for significantly increased threshold of DNI 

over HMA (p=0.054).
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Acceleration Thresholds

Figure 3.1. The left-slanting lines refer a 1mm move. The cross-hatched lines refer to a 4 
mm move. The right-slanting lines refer to a 16 mm move. Error bars provide the 
standard error. DPN and DNI show pronounced decreased acuity in detecting small 
anterior perturbations as compared to HMA at 1 and 4 mm movements. Values are the 
arithmetic means.
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Table 3.2. Detection Thresholds.

HMA (n=34) DNI (n=ll) DPN (n=17)

gMean aMean gMean aMean gMean aMean

Acceleration mm/s2

1 mm 00
# —b 97.7 158.2 177.4 143.4 157.9

4 mm 34.l n 46.5 59.4 75.6 54.8 70.4

16 mm 16.4§ 22.5 32.0 48.0 23.4 34.1

Peak Kinetic Energy mJ

1 mm 3.20*11 4.14 7.48 8.58 6.94 7.85

4 mm 1.39n 2.05 2.81 3.85 2.65 3.51

16 mm 0.671 0.95 1.51 2.44 1.13 1.71

1A vs. DPN p<0.01 T HMA vs. DNI p<0.0 1 HMA vs. DPN p<0.05
11 HMA vs. DNI p<0.05 11 HMA vs. DPN p=0.058 s HMA vs. DNI p=0.054. The gMean is 
the geometric mean of the SWM due to their log nature. The arithmetic means, aMean, 
are including solely for comparison.

Using the calculated peak energy imparted on the subject, we gain significantly 

higher peak energies (p<0.05) for DNI over HMA for all displacements. While 

significantly higher imparted peak energies were seen in DPN over HMA for 1 mm 

(p<0.01) and 4 mm (p<0.05) displacements, only a strong trend was noted for the 16 mm 

displacement. Due to safety constraints of our system, we set a maximal peak 

acceleration value at 200 mm/s2 for 1 mm moves and 100 mm/s2 for 4 mm and 16 mm 

moves. A number of subjects reached these values (rail condition). Analysis of the 

negative power-law relationship [7, 15, 174, 175, 178] between acceleration and 

displacement values provided reason to raise the maximum peak acceleration test values
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2 8 7 5 7 2to 256, 181, and 128 mm/s (or 2 , 2 ,and 2 mm/s ) respectively for 1 mm, 4 mm, and 

16 mm perturbations. HMA subjects reaching the rail (11%, 3%, and 0%) were fewer 

than both DPN (41%, 18%, and 6%) and DNI (63%, 36%, and 18%) at 1 mm, 4 mm and 

16 mm displacement respectively as seen in Table 3.3.

Table 3.3. Rail Conditions.

1mm 4mm 16mm

HMA 4(11%) 3 (9%) 0 (0%)

2 @ 200 mm/s2 1 @ 100 mm/s2 0

2 @ 256 mm/s2 2 @ 181 mm/s2 0

DNI 7 (63%) 4 (36%) 2(18%)

2 @ 200 mm/s2 4 @ 100 mm/s2 2 @ 100 mm/s2

2 @ 200 mm/s2

DPN 7 (41%) 3 (18%) 1 (6%)

2 @ 200 mm/s2 3 @ 100 mm/s2 1 @ 100 mm/s2

2 @ 200 mm/s2

3.5.3 Quiet Standing Metrics

In the anterior-posterior time-series, significant (p <0.05) differences were seen in 

range, standard deviation, and RMS distance for HMA versus DPN (Table 3.4). The total 

power for anterior-posterior was significantly increased (p < 0.01) for the DPN versus 

HMA. Trends in HMA versus DPN groups were seen with increased mean resultant 

distance, mean anterior-posterior distance, RMS distance, anterior-posterior total 

excursion, and anterior-posterior mean velocity. No differences were seen between DNI
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and either DPN or HMA groups. In addition, no differences were seen between any 

group for fractal dimensions, sway area, and frequency components except total power.

Table 3.4. Quiet Standing Metrics.

HMA (n=34) DNI (n = ll) DPN (n=17)
Mean 95% Cl Mean 95% Cl Mean 95% Cl

Stddev RD 2.5 ± 0.6 3.2 ± 3.1 3.1 ± 1.0
Stddev AP 4.0’ ± 0.7 4.7 ± 2.6 5.0 ± 1.4
Stddev ML 2.7 ± 0.9 3.6 ± 5.2 3.5 ± 1.6
Range-RD 13.1 ± 3.4 16.4 ± 17.2 15.5 ± 5.7
Range-AP 19.2’ ± 3.5 23.4 ± 13.4 24.6 ± 7.6
Range-ML 14.7 ± 5.6 17.7 ± 25.5 17.1 =t 8.2
Mean Dist RD 4.2t ± 0.9 5.3 ± 4.5 5.3 ± 1.8
Mean Distance-AP 3.2f ± 0.6 3.8 ± 2.1 3.9 ± 1.1
Mean Distance-ML 2.1 ± 0.6 2.8 ± 3.7 2.7 ± 1.3
RMS Distance-RD 4.9f ± 1.1 6.2 ± 5.5 6.2 ± 2.0
RMS Distance-AP 4.0' ± 0.7 4.7 zfc 2.6 5.0 1.4
RMS Distance-ML 2.7 ± 0.9 3.6 ± 5.2 3.5 ± 1.6
Total Excursion-RD 230.2 ± 64.0 288.0 ± 189.1 295.6 ± 121.1
Total Excursion-AP 178.3f ± 47.0 221.7 ± 100.4 235.0 ± 97.7
Total Excursion-ML 111.1 ± 40.3 134.7 ± 149.9 132.1 ± 60.4
Mean Velocity-RD 11.5 ± 3.2 14.4 ± 9.5 14.8 ± 6.1
Mean Velocity-AP 8.9f ± 2.4 11.1 ± 5.0 11.7 ± 4.9
Mean Velocity-ML 5.6 ± 2.0 6.7 ± 7.5 6.6 ± 3.0
Mean Frequency-RD 0.5 ± 0.1 0.5 ± 0.1 0.5 ± 0.1
Mean Frequency-AP 0.5 ± 0.1 0.6 ± 0.1 0.5 ± 0.2
Mean Frequency-ML 0.5 ± 0.1 0.5 rfc 0.2 0.5 ± 0.1
95% Conf. Area Circle 269.5 ± 138.0 571.1 ± 1370.9 395.8 ± 259.2
Sway Area 17.8 ± 9.5 34.6 ± 81.3 26.3 ± 18.3
95% Conf. Area Ellipse 225.3 ± 117.4 437.2 ± 1036.8 339.8 ± 240.9
Fractal Dimension Circle 1.4 ± 0.0 1.4 ± 0.1 1.4 ± 0.1
Fractal Dimension Ellipse 1.4 ± 0.0 1.4 ± 0.0 1.4 ± 0.1
Total Power-RD 42400 ± 26235 94362 ± 234490 60375 ± 36617
Total Power-AP 67467t ± 26878 122807 ± 184208 121177 ± 59236
Total Power-ML 50774 ± 58018 183355 ± 696399 60522 ± 61366
Median Frequency-RD 0.3 ± 0.1 0.4 ± 0.1 0.4 ± 0.2
Median Frequency-AP 0.2 ± 0.1 0.3 ± 0.1 0.3 ± 0.1
Median Frequency-ML 0.2 ± 0.1 0.2 ± 0.1 0.2 ± 0.1
95% peak frequency-RD 1.6 ± 0.4 1.8 ± 0.4 1.7 ± 0.5
95% peak frequency-AP 1.4 ± 0.4 1.4 ± 0.4 1.3 ± 0.3
95% peak frequency-ML 1.2 ± 0.3 1.3 ± 0.4 1.3 ± 0.4
Centroid Frequency-RD 1.0 ± 0.1 1.1 ± 0.2 1.1 ± 0.2
Centroid Frequency-AP 0.9 ± 0.1 0.9 ± 0.2 0.9 ± 0.1
Centroid Frequency-ML 0.9 ± 0.1 0.9 ± 0.2 0.9 ± 0.2
Frequency Disp-RD 0.6 ± 0.04 0.6 ± 0.08 0.6 ± 0.05
Frequency Disp-AP 0.6 ± 0.04 0.6 ± 0.07 0.6 ± 0.05
Frequency Disp-ML 0.7 ± 0.04 0.7 ± 0.08 0.7 ± 0.04

* HMA vs. DPN p<0.05, ' HMA vs. DPN p<0.1,1 HMA vs. DPN p<0.01 All metrics based on mm.
Frequency metrics are in Hz. Mean Velocity is in mm/s. Area metrics are in mm2.
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3.5.4 Health Surveys

The mean scores on all health survey results (except for the RAND emotional 

well-being) score were better for HMA than for DNI and DPN, but not all mean 

differences were significant (Table 3.5). Although the scores on the Berg Balance Scale 

were within an acceptable range for DNI and DPN (they showed no risk of falls and 

could operate independently), these latter scores were still significantly lower than those 

of HMA. The only significant group difference gained from the RAND survey was in 

general health. Both DPN and DNI showed significant decreased feelings of general 

health (p<0.05 and p<0.01, respectively). Strong trends were observed in RAND 

measures of pain and physical health [pain in HMA vs. DPN (p=0.06) and in HMA vs. 

DNI (p=0.051); physical health in HMA vs. DPN (p=0.06)]. No significance was seen 

between diabetic subjects with or without lower limb peripheral neuropathy.
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Table 3.5. Health Surveys.

HMA DNI DPN

n Mean Rank n Mean Rank n Mean Rank

Mini-Mental Exam 34 29.6 34.91 11 29.0 26.32 17 29.3 28.03

BERG 34 56.0't 34.00 11 55.5 23.18 16 55.7 30.00

RAND Modified SF-36 wit l depression screener

Physical Function 32 84.0 32.72 11 78.5 26.86 16 75.9 26.72

Physical Health 32 85.2* 33.56 11 73.8 27.09 16 67.6 24.88

Emotional Health 32 84.4 31.48 11 78.4 28.55 16 78.0 28.03

Emotional Well-Being 32 76.4 30.69 11 77.6 27.82 16 75.9 30.13

Energy/ Fatigue 32 67.3 32.42 11 63.3 30.00 16 56.6 25.16

Social Function 32 87.1 33.25 11 82.2 26.77 16 80.2 25.72

Pain 32 83.4*11 34.77 11 69.8 23.23 16 70.6 25.13

General Health 32 76.9’t 36.47 11 58.5 20.91 16 63.0 23.31

* HMA vs. DPN p<0.05 T HMA vs. DN11 p<0.0 l* H VIA vs. DPN p=0.061 HMA vs. DNI
p=0.051

3.5.5 Foot Sensitivity

SWM testing displayed several significant differences in the geometric mean 

among the groups (Table 3.6). Bilateral significant differences provide a more significant 

measure of tactile sensory acuity. The first and fourth metatarsals had significantly 

different bilateral thresholds between HMA and DPN. The significance at the first 

metatarsal is higher (p<0.01) than at the fourth metatarsal (p<0.05). SWM of HMA had 

geometric means of thresholds less than 0.77 g for both first and fourth metatarsal
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bilaterally, while DPN had thresholds greater than 1.49 g. None of the geometric means 

is above the threshold for developing diabetic ulcers (>10.0 g) for HMA, DNI, or DPN; 

however, two DNI and five DPN subjects did have thresholds at risk for developing 

ulcers, while no HMA did. Thresholds of the fourth metatarsal differed bilaterally, 

significant and trend, respectively, for the left (p<0.05) and right (p=0.062) feet, between 

HMA and DNI. DPN had a significantly higher (p<0.05) SWM threshold at the left heel 

versus HMA, but none was seen in the right heel. DNI had a significant bilateral 

decrease in thresholds versus HMA at the heel. There was not a significant difference 

seen at the 0.05 level for any measures between DNI and DPN. No differences were seen 

in the right great toe and only for DPN versus HMA for the left great toe.
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Table 3.6. Semmes-Weinstein Monofilament Test.

HMA DNI DPN

n gMean aMean n gMean aMean n gMean aMean

Left Great Toe 34
$

0.45 0.99 11 0.59 0.81 17 1.72 3.18

Left 1st MT 34 0.44r 0.79 11 0.741 2.11 17 2.10 7.74

Left 4th MT 20 0.59*11 0.96 8 2.15 4.02 11 1.64 3.24

Left Heel 21 1.91*11 3.34 8 9.94 41.11 12 8.41 21.55

Right Great Toe 34 0.44 0.78 11 0.78 1.02 17 1.32 2.59

Right 1st MT 34 0.51T 0.76 11 0.70 1.16 17 1.49 3.91

Right 4th MT 20 0.77*§ 1.15 8 1.20 2.02 11 2.75 11.20

Right Heel 21 2.3011 3.08 8 6.33 7.75 12 5.45 14.74

HMA vs. DPN p<0.05 T HMA vs. DPN p<0.01 * DNI vs. DPN p=0.07 
11 HMA vs. DNI p<0.05 11 HMA vs. DNI p<0.01 § HMA vs. DNI p=0.062. The gMean is 
the geometric mean of the thresholds due to their power law perceptual relationship 
between displacement and acceleration threshold. All units are in grams. The arithmetic 
means, aMean, are including solely for comparison. MT is Metatarsal.

3.5.6 Lower Limb Electrophysiology

Both DNI and HMA have higher (p<0.01) nerve conduction velocities than DPN 

bilaterally for the peroneal, tibial, and sural nerves (Table 3.7). No difference was 

observed in nerve conduction velocities between HMA and DNI. No bilateral difference 

was observed for the M-wave latency test. The weaker significance in the tibial M-wave 

latency test can be attributed to the increased variance as seen in Table 3.7 by the 95% 

confidence interval, which for both DPN and DNI was greater than double the 95% 

confidence interval of HMA. Between HMA and DPN, bilateral significance (p<0.01 for 

all except left peroneal p<0.05) was seen for both peroneal and tibial nerves in the
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F-wave latency test. Significant lower (p<0.05) latencies were seen in DPN versus DNI 

for all F-wave latencies except that of the left peroneal.

Table 3.7. Electrophysiology Results.

HMA DNI DPN

n Mean 95% Cl n Mean 95% Cl N Mean 95% Cl

Conduction Velocity (m/s)

L. Peroneal 34 46.9’ ± 1.31 11 45.4* ± 1.86 17 40.5 ± 1.89

L. Tibial 34 45.8’ ± 1.30 11 46.4* ± 1.88 17 39.6 ± 1.92

L. Sural 28 45.1’ ± 1.30 7 44.7* ± 3.36 12 39.3 ± 2.72

R. Peroneal 34 46.9’ ± 1.28 11 46.1* ± 2.18 17 40.3 ± 2.03

R. Tibial 34 45.6’ ± 1.71 11 45.9* ± 2.41 16 40.5 ± 2.37

R. Sural 28 44.9’ ± 1.39 7 46.0* ± 2.62 12 38.9 ± 2.26

Conduction Latency (ms) for M-wave and F-wave tests

M. L. Peron. 34 4.5 ± 0.37 11 4.5 ± 0.44 16 5.1 ± 0.48

M. L. Tibial 33 4.3* ± 0.41 11 4.7 ± 1.21 16 5.8 ± 1.09

M. R. Peron. 33 4.7’ ± 0.34 11 4.6* ± 0.27 15 5.8 ± 0.51

M. R. Tibial 33 4.5 ± 0.52 11 5.4 ± 1.12 15 5.5 ± 1.09

F. L. Peron. 33 50.1* ± 1.78 11 51.9 ± 3.00 16 56.9 ± 4.22

F. L. Tibial 33 51.9’ ± 1.86 11 55.311 ± 2.65 16 60.9 ± 3.14

F. R. Peron. 33 49.8* ± 2.62 11 51.01 ± 3.10 15 57.2 ± 4.03

F. R. Tibial 31 53.1’ ± 1.56 11 53.511 ± 3.87 15 60.8 ± 4.10

HMA vs. DPN p<0.C)1 T DNI vs. DPN p<0.0 1 * HMA vs. DPN p<0.05
1 DNI vs. DPN p<0.05.
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3.6 Summary

The DMAs with and without peripheral neuropathy show increased threshold for 

the detection of movement, which is believed increase their risk of falls since they would 

be less likely to detect an initiation of a fall, and disproved our acceleration threshold 

hypothesis. However, only DPN displayed significantly different quiet standing metrics 

compared to HMA, which leads to nerve conduction as a possible cause of the instability. 

Quiet standing metrics hypotheses one through three were found to be true for APCoP 

distance metrics. The fourth and fifth quiet standing metric hypotheses for sway area and 

95% confidence interval of ellipse and circle were proven false. The sixth quiet standing 

hypothesis on frequency was found to only be true for APCoP power. For physiological 

measures, DPN’s nerve conduction velocities were significantly different from both DNI 

and HMA, which supported the first physiological hypothesis. The lack of difference for 

Semmes-Weinstein monofilament thresholds between DPN and DNI give rise those 

cutaneous sensory deficits either precede peripheral neuropathy or has a separate cause, 

which proves the second physiological hypothesis wrong. The self-reported health 

measure hypothesis was wrong because both DPN and DNI reported poorer general 

health than HMA.
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CHAPTER 4

HEARING LOSS AND TYPE-2 DIABETES

4.1 Hypotheses

• Diabetic mature adults would have a higher level of hearing loss than age- 

matched controls.

4.2 Subjects

Our subjects were a subset of our previous population. They were diabetic mature 

adults (DMA: 6 female and 18 male) with peripheral neuropathy (PN) and without 

peripheral neuropathy (NI) and healthy mature adults (HMA: 13 female and 14 male).

To enable a precise comparison, only subjects who completed our entire 

electrophysiological, audiological, and acceleration threshold test protocol were used for 

this analysis. Their primary care physician had previously diagnosed each DMA with 

Type-2 diabetes. Subject recruiting took place via flyer advertising at the Overton 

Brooks VA hospital in Shreveport, Louisiana, and in the local area. Individuals from 50 

to 75 years of age, inclusive, were labeled as mature adults. Our test protocol was 

approved by the IRBs of the Shreveport VAMC and Louisiana Tech University.

52
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4.3 Screening

A medical history questionnaire was given to each potential subject. Individuals 

were not tested further if they had a medical history of cardiovascular and/or respiratory 

disease, neurological problems such as cerebrovascular disease, stroke, head or spine 

injury, vestibular ailments and dizziness, memory and concentration deficits, muscle 

activity deficits, or non-healing skin ulcers. Orthopaedic problems such as lower back 

pain or spasms, arthritis or joint disease, and deformations of joints or bones led to 

exclusion of individuals from the study. Those with past or current drug or alcohol 

dependence were also excluded.

All consented subjects were screened with the Berg Balance Scale and Sharpened 

Romberg Test to assure that they were able to operate independently from assistance, and 

vision was tested (Snellen Eye Chart). In addition, the subjects were tested with the 

Mini-Mental State Exam to insure that they were mentally competent to follow 

instructions during the experiment. Patellar and Achilles’ reflexes were tested to confirm 

that they were present and normal. DMA had hemoglobin Ale values below 9%. (Six 

DMA had values >7.0).

4.4 Procedures

The preceding tests provide physiological backgrounds on individuals for our 

posture test protocol. The 2-Altemate Forced Choice acceleration thresholds to forward 

perturbations of constant displacement were carried out on the SLIP-FALLS-STEPm 

platform while blindfolded. [11] The acceleration was varied based on a modified version 

of the parameter estimation by sequential testing (mPEST) method.[92, 177] During the 

first 10 trials, two consecutive correct responses (1-up-2-down method) were required to
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decrease acceleration, whereas only three (1-up-3-down method) were needed afterwards 

which increased the statistical power behind the threshold.[177] The l-up-2-down and 1-

up-3-down methods provided 70.7% and 79.4% correct responses, respectively, to
*

attain. [90] Threshold was said to be reached when increment became less that 2% of the 

original increment value unless the subject completed all 30 trials where we required 

79% correct at a specific acceleration to be taken as threshold. [90] Air bearings insure 

that the ultra-low vibration, ffictionless platform provides no movement cues and allows 

for the test of movements within the range of sway. The subjected is presented via 

wireless headphones pre-recorded commands with white masking noise of “Ready,” 

“One,” “Two,” and “Decide.” During the four second decision period, the subject must 

decide in which period he or she perceived the perturbation to have occurred, by a single 

(Interval 1) or double (interval 2) bell press. The subject needed to accrue a correct 

detection percentage of 79% for an acceleration to be considered threshold. The platform 

moves in a 100% smoothed s-curve, which allows for symmetrical acceleration and 

deceleration of which the peaks are used as the measurement for threshold. [8, 11]

Air-conduction hearing exams were conducted at 1, 2, 4, and 8 kHz and measured 

in decibels of hearing loss (dBHL). Audiology exams were given by certified 

audiologists at Overton Brooks VA Medical Center using large cushion headphones to 

reduce crossover and ambient noise. All subjects who had confounding factors for 

hearing loss such as cerumen build up and close proximity to gun or cannon blast were 

excluded from analysis.
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4.5 Results

4.5.1 Acceleration Thresholds

As was the case also for our previous analysis, DMA with PN did not differ from 

those who were NI in acceleration thresholds (Figure 4.1). DMA displayed a 

significantly decreased ability to detect forward perturbations at 1 and 4 mm than HMA 

(p < 0.003 and p < 0.002).

Peripheral N europathy  
v e r s u s  

Neurally Intact Individuals

Figure 4.1. Acceleration thresholds for those with hearing tests.
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4.5.2 Hearing Loss

4.5.2.1 DMA versus HMA

DMA showed significantly more hearing loss than HMA at 4 and 8 kHz 

bilaterally (p < 0.027 and p < 0.007 respectively). No significant difference was found at 

1 kHz and 2 kHz (Figure 4.2).
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Figure 4.2. Hearing loss DMA vs. HMA.

Hearing Loss in DMA at 4 and 8 kHz is greater than HMA for both PN and NI, 

but 4 kHz Hearing Loss is less in NI than in PN (Figure 4.3).
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PN vs. NI in Hearing Loss
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Figure 4.3. Hearing loss PN vs. NI vs. HMA.

4.5.2.2 Sex Related Differences

Male DMA have significantly more hearing loss than other groups at 4 and 8 kHz 

except on the left ear at 4 kHz versus male HMA (Figure 4.4). No difference is seen 

between women DMA and HMA, but this lack may be attributed to their low sample

size.
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Sex-Related Hearing Loss
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Figure 4.4. Hearing loss sex-related differences.

4.6 Summary

These findings provide evidence that detriments to the nervous system are wide

spread in diabetes and are not localized as in the case of lower-limb peripheral 

neuropathy. Our data show increased hearing loss in DMA, specifically in males. Based 

on our evidence, diabetes affects the hearing system, but we cannot conclusively state 

which part (cranial nerve VIII, hair cells, or sound transduction) is affected. The 

sensorineural hearing loss leads to the conclusion that similar damage could occur to the 

vestibular system that can affect balance.
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CHAPTER 5 

MODIFIED SINGLE-INTERVAL 

ADJUSTMENT MATRIX

5.1 Hypotheses

• The modified single-interval adjustment matrix (mSIAM) method will reject false 

positives in thresholds better than the two-alternate forced choice (2AFC) with 

modified parameter estimation by sequential testing (mPEST) by reaching 

threshold randomly fewer times within the 30 trial limit.

• The mSIAM method will settle on threshold in fewer trials than 2AFC with 

mPEST.

5.2 Advantage over 2AFC with mPEST 

Our previous acceleration threshold test required a stimulus perturbation that took 

a maximum of six seconds to complete its motion. Therefore, we could afford to use two- 

alternate forced choice protocol, which gave us a total trial time of 19 seconds. For our 

new entrainment study, we needed to determine amplitude thresholds at different 

frequencies while allowing enough time for the sway to be locked in during a sinusoidal 

perturbation. We can compare previous studies of the linear relationship of acceleration, 

a, and displacement with the amplitude, A, and frequency, 0  (rad/s) and/ (Hz) of the 

sinusoidal platform movement (Eq. 28).
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(28)

5.3 Integration with mPEST 

Although SIAM had a staircase method integrated into it, the increment is set to 

constant, which does not allow us to increase the resolution as we get closer to the 

threshold. The mPEST increased or decreased the resolution of the search depending on 

the distance the algorithm predicted it was away from the actual threshold. In the 

previous experiments with 2AFC with mPEST, they used a l-up/2-down or l-up/3- 

methodology. With every reversal (change from up to down or vice versa), the increment 

was halved. Consecutive ups and downs were doubled.

To integrate mPEST, some difficulties had to be overcome. The mSIAM method 

is a single interval yes/no method, which means sometimes there will be no stimulus 

presentation as opposed to the forced choice of the 2 AFC method. In addition, there is an 

increment after every trial, except correct rejections. Since the system must always 

change, a simple l-up-2-down system could be used.

The p=0.50 SIAM (Table 5.1) was chosen since it is the best estimate for 

threshold. [93] Table 5.1 has values in parenthesis that are multipliers of the increment to 

determine the amplitude of the next stimulus.

Table 5.1. SIAM Matrix for Study.

Movement No Movement

Detect Hit (-1) False Alarm (2)

No Detect Miss (1) Correct Rejection (0)
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The correct rejection and false alarm multipliers handled the no stimulus trials. 

Therefore, if there were a correct rejection then the stimulus amplitude would not change, 

but if there were a false alarm, the subject would be penalized for guessing by increasing 

the stimulus by twice the increment.

Since a true l-up-2-down method could not be used, we used a semi-l-up-2-down 

method. Thus, every consecutive miss or false alarm caused the increment to double (1- 

up). The increment value would be halved for every reversal. Reversals were defined as 

every miss or false alarm followed by a hit, and two consecutive hits followed by a hit or 

miss (2-down). To allow the method to reach the threshold more quickly, the increment 

is doubled every time a hit is preceded by two consecutive hits. Another problem arises 

due to the amplitude change after every trial. A situation can occur when a subject enters 

a hit-miss-hit-miss occurrence where the amplitude is alternating above and below the 

threshold. To counteract, the fourth consecutive hit-miss alternating occurrence causes 

the threshold to be halved, which increases the resolution for defining threshold nearer to 

the actual threshold. In addition, we could have negative perturbations or perturbations 

of zero. Therefore, we had to implement a schema to set the increment and the amplitude 

to half of the amplitude of the previous trial. Although this implementation alleviated our 

problem, it does allow threshold criteria to be met prematurely. Thus, the halving of the 

increment value could cause it to shrink to 2% or 5% of its initial value, causing the 

signal that threshold had been found in simulations. This signal should not happen in our 

sinusoidal threshold tests with human subjects since the subject could not have a 

threshold of 20 pm or 50 pm (our initial increment is 1 mm).
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5.4 Monte Carlo Simulations 

Monte Carlo simulations were run on both the previously used mPEST method 

and our new mSIAM method. Simulations were run for 10,000 subjects and 1000 trials 

per subject. Two methods for simulation were used. The first method assumed a 

uniform distribution of button presses and platform perturbations. The second method 

used a simulated human response. Both methods were run until the 2% and 5% criteria 

were met or until it finished the 1000 trials.

5.4.1 Random Choice

The random choice method simulated a subject pressing the button at random to 

signal he or she felt a move. This methodology determines the power of an algorithm by 

showing the ability to reject false positives, since correct guesses could lead to a 

premature threshold value.

The random choice simulations showed more power for mSIAM with less 

randomly reached threshold within 30 trials as opposed to the mPEST method (Table 

5.2). Thirty trials were chosen since we use a maximum of 30 trials for our threshold 

testing. For the 2% and 5% rules in mSIAM, less than 2% reached threshold randomly, 

which is lower than both the 2% and 5% rules of mPEST. Therefore, we can conclude 

that the mSIAM provides better rejection of false positives than mPEST.
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Table 5.2. Percentages of Subjects Reaching Threshold by Random Choice.

2% 5%

Trials mPEST mSIAM mPEST mSIAM

5 1.53% 0.00% 1.70% 0.00%

10 2.09% 0.11% 2.78% 0.04%

15 2.30% 0.28% 3.16% 0.52%

20 2.40% 0.53% 3.37% 1.11%

25 2.53% 0.69% 3.56% 1.68%

30 2.64% 0.90% 3.62% 1.95%

5.4.2 Simulated Human Response

The simulated human response (SHR) method simulated a subject pressing the 

button with probability depending on the stimuli’s relationship to the subject’s threshold. 

This methodology determines the ability of an algorithm to converge to a threshold. SHR 

worked by providing miss and false alarm trial a second chance to get a hit. The 

probability (Eq. 29) was compared to a randomly generated number. If a random number 

was lower than the probability, the subject’s answer would be changed to a hit.

, ,... amplitude-3probability =  —  ---------- (29)
threshold

The SHR simulations showed higher convergence to a threshold with mPEST 

within 30 trials as apposed to the mSIAM method (Table 5.3). Thirty trials were chosen 

since we use a maximum of 30 trials for our threshold testing. All simulated subjects 

converged to a threshold within the 1000 trials. The mPEST method had higher 

convergence percentages within each rule, but the 5% rule percentage at 30 trials for
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mSIAM (58.08%) was higher than that of the 2% rule of mPEST (48.01%). Therefore, 

we decided to use the 5% rule for mSIAM since it gave us a higher convergence over the 

2% rule, and mSIAM had a higher false positive rejection.

Table 5.3. Percentages of Subjects Reaching Threshold by SHR.

2% 5%

Trials mPEST mSIAM mPEST mSIAM

5 6.96 0.11 13.56 1.14

10 17.96 2.76 35.20 12.03

15 26.64 9.51 47.05 26.02

20 34.96 17.99 58.47 38.67

25 42.15 27.00 67.36 49.61

30 48.01 35.59 74.45 58.08

5.5 Summary

The mSIAM method provided us an improved method to estimate threshold. It 

cut down on overall testing time, which reduces subject fatigue. The methodology 

improved our threshold estimation by better rejecting false positives, since we had fewer 

thresholds reached via random button pushing, and allowed for a faster convergence to 

the threshold.
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CHAPTER 6

SUBTHRESHOLD SINUSOIDAL 

ENTRAINMENT

6.1 Subjects

This study consisted of eight new subjects who were 21 to 29 years of age. All 

subjects were required to wear a harness per IRB approval at Clarkson University. 

Subjects were recruited via advertising at Clarkson University in Potsdam, NY, and the 

surrounding area. Only subjects who completed all trials were included for this analysis.

6.2 Screening

A medical history questionnaire was given to each potential subject. Individuals 

were not tested further if they had a medical history of cardiovascular and/or respiratory 

disease; neurological problems such as cerebrovascular disease, stroke, head or spine 

injury; vestibular ailments and dizziness; memory and concentration deficits; muscle 

activity deficits; or non-healing skin ulcers. Orthopaedic problems such as lower back 

pain or spasms, arthritis or joint disease, and deformations of joints or bones led to 

exclusion of individuals from the study. Those with past or current drug or alcohol 

dependence were also excluded.

All consenting subjects were screened with the Berg Balance Scale and 

Sharpened Romberg Test to assure that they were able to operate independently from
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assistance, and correctable vision was required. In addition, the subjects were tested with 

the Mini-Mental State Exam to insure that they were mentally competent to follow 

instructions during the experiment. Patellar and Achilles’ reflexes were tested to confirm 

that they were present and normal.

6.3 Test Protocol

All subjects were tested via an experimental protocol that first finds a subject’s 

threshold to a sinusoidal perturbation and then entrains sway subthreshold. First, 60 

seconds of quiet standing were recorded. The data from the 60 second quiet standing 

period was used to calculate the top two peak power frequencies (natural frequencies) of 

anterior-posterior center-of-pressure (APCoP) sway. The top two had to be within 30 dB 

of the maximum peak. If not, than 0.4 Hz was used as the second natural frequency, 

which was arbitrarily chosen. This procedure was performed to insure that the secondary 

peak was due to a frequency power outside the power of the noise level. The upper level 

limit was 1 Hz due to the high acceleration values at low amplitudes at larger frequencies. 

The lower level was limited to 0.15 Hz because we obtain so few cycles that the data is 

unreliable.

Each subject is tested to determine threshold of amplitude of sinusoidal motion at 

four different frequencies. The first two, 0.5 Hz and 0.75 Hz, (constant frequencies) were 

chosen since preliminary data suggested these frequencies, a low (0.5 Hz) and a high 

(0.75 Hz), were around the ideal sway frequencies; but this information could not be 

found to be conclusive since we only had 20 seconds of quiet standing in previous 

studies, and therefore the data could not be reliable enough to publish. The order of the 

constant frequencies was randomly chosen to factor out learning. Next, the amplitude
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threshold is found for each of the natural frequencies. This test is performed to determine 

whether if entrainment does not occur at the constant frequencies then would it at the 

natural frequencies. The two natural frequencies are also randomly ordered. Each 

threshold set of trials is preceded by 10 seconds of quiet standing to provide a baseline 

average to subtract from the threshold trials. The amplitude for each frequency was 

varied using the mSIAM algorithm for threshold detection (Figure 6.1).

Amplitude Threshold via mSIAM for M27Y009STF at 0.34 Hz

8

7

6

5

A
4
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0
0 5 10 15 20 25 30

mm
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■ Miss
A False Alarm
X Correct Rejection

Amplitude

Figure 6.1. Iterating amplitude towards threshold via mSIAM for subject M27009STF.

At the start of each trial, a baseline sinusoid was begun. Its purpose was to avoid 

any abrupt jerks at the beginning of the stimulus interval to follow. This amplitude was 

chosen to be well below threshold. The acceleration was set at 5 mm/s2 and the 

amplitude was calculated from Eq. 28 (e.g., at 0.5 Hz, the sinusoidal amplitude A-0.5
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mm). The baseline sinusoid was followed four seconds later by the full amplitude 

sinusoidal perturbation for those trials in which a move was to occur (Figure 6.2).

Platform Position

o 2000 4000 6000 8000 10000 12000 14000 16000 18000 20000

time (ms)

Figure 6.2. Position of platform during a sinusoidal perturbation for a “stimulus” trial. A 
“non-stimulus” trial would contain only the baseline sinusoid.

The ratio of perturbation to non-perturbation trials was set at 2:1. Trials were 

randomly sorted. The threshold detection algorithm went for a maximum of 30 trials if 

subject did not meet the 5% stopping criteria. If a subject went through all 30 trials, then 

the threshold was estimated by using the lowest amplitude that had 79% hits.

After all four amplitude thresholds were obtained, the subject proceeded to the 

entrainment protocol. The subject received five seconds of quiet standing followed by 

120 seconds of sinusoidal motion at 80% of the threshold for each frequency. Power
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spectral density was performed applying a fast Fourier transform to the APCoP lock-in 

data to evaluate a subject’s sway entrainment.

6.4 Verification

Because APCoP was calculated from the load cells, confirmation was needed to 

show that the resulting APCoP was due to a subject’s sway and not the shear force of the 

plate from the inertia of the weights. Sixty-five kilograms of steel plates (bar bell 

weights) were placed on a 10 cm rod affixed to the center of the platform, and the APCoP 

was calculated. The resultant APCoP deviated no more than 0.5 mm, which was 

substantially smaller than the subject’s APCoP sway (6 to 8 mm).

In addition, to show that the peak frequency spectrum detection function worked 

and that the platform was moving at the correct frequency, the system was set up to 

calculate the peak frequency of the platform position instead of the APCoP. The spectral 

density showed that the tabulation was correct but also verified the frequency precision of 

the platform sine wave (Figure 6.3).
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Figure 6.3. Power spectral density of platform position move signal.

6.5 Analysis and Results

6.5.1 Natural Frequencies

By determining the amplitude threshold for separate frequencies, we were able to 

explore the relationship of frequency and amplitude threshold. Table 6.1 provides the 

details of our subjects and the determined natural sway frequencies. The thresholds for 

the different natural frequencies will assist in better defining the curve for the relationship 

between frequency and amplitude.
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Table 6.1. Subject Information and Natural Frequencies.

Subject Information Natural Frequencies

SUBJECT ID AGE RACE GENDER Nat_Freq_l Nat_Freq_2

F24Y001STF 24 INDIAN F 0.37 0.40

M24Y002STF 24 INDIAN M 1.13 0.92

M24Y003STF 24 ASIAN M 0.31 0.60

F26Y004STF 26 ASIAN F 0.40 0.43

M20Y006STF 20 CAUCASIAN M 0.79 0.92

M20Y007STF 20 CAUCASIAN M 0.98 0.92

M29Y008STF 29 ASIAN M 0.89 0.40

M27Y009STF 27 INDIAN M 0.34 0.98

M24Y011STF 24 INDIAN M 0.67 0.43

A power-law relationship may exist between the amplitude threshold and 

perturbation frequency (Figure 6.4). With increased sample size, we will have more 

duplicated natural frequencies between subjects, which will better define the curve of the 

power-law relationship between perturbation amplitude and frequency.

Since our lab previously had found a negative power-law relationship between 

peak acceleration detection threshold and a linear perturbation distance with the 2 AFC 

tests, we also plotted acceleration at thresholds versus amplitude thresholds (Figure 6.4)
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Power-law Relationships of Frequency and Acceleration versus 
Amplitude Threshold
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Figure 6.4. Power-law Relationship of Frequency and Amplitude.

6.5.2 Frequency Lock in

To analyze the frequency lock-in, we allowed a 5% error. Therefore, a subject 

was considered frequency locked if the difference between the predicted and observed 

sway frequency was within 5% of the predicted frequency (Eq. 30).

| fObserved fpredicted <0.05 (30)
fpredicted

Where ./observed is the peak frequency of the entrainment test, and ./predicted is the 

frequency of the platform sinusoid for entrainment.

Figure 6.5 shows the entrainment of anterior-posterior center of pressure for 

asingle subject. The next highest peak is about 55 dB below the lock-in peak. This peak 

shows a good signal to noise ratio for the subject’s lock-in frequency.
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Figure 6.5. Lock-in Power Spectral Density of APCoP.

The 5% error rule accommodated the problem so that we could mathematically 

determine frequency lock. The peak frequencies of the entrainment section (Table 6.2) 

were found to be entrained for 89% of the subjects at each frequency group. One subject 

(M24Y002STF) did not show frequency lock at 0.5 Hz, 0.75 Hz, or his first natural 

frequency (1.13 Hz). The lack of lock for the first natural frequency may be due to its 

high frequency. The only other subject (M20Y006STF) not to achieve frequency lock 

was also at a high natural frequency (0.92). The entrainment trial was within 1.5 dB of 

power from qualifying as entrained.
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Table 6.2. Peak Entrainment Frequencies.

Peak Entrainment Frequencies

SUBJECT ID 0.5 Hz 0.75 Hz Nat_Freq_l Nat_Freq_2

F24Y001STF 0.50354 0.74768 0.36621 0.39673

M24Y002STF 0.36621* 0.41199* 0.47302* 0.91553

M24Y003STF 0.50354 0.74768 0.30518 0.59509

F26Y004STF 0.50354 0.74768 0.39673 0.42725

M20Y006STF 0.50354 0.74768 0.79346 0.53406*

M20Y007STF 0.50354 0.74768 0.97656 0.91553

M29Y008STF 0.50354 0.74768 0.88501 0.39673

M27Y009STF 0.50354 0.74768 0.33569 0.97656

M24Y011STF 0.50354 0.74768 0.67139 0.42725

* Did not achieve frequency lock.

6.5.3 Physiological Measures

To investigate the system controlling the lock-in of frequency, power spectra were 

performed on the physiological time-series measures. The first physiological measures 

are those from the three-axis head accelerometer, which can describe the input to the 

vestibular system. In addition, EMGs allowed us to look at the motor output. The soleus, 

gastrocnemius, and tibialis anterior EMGs provided information for muscles actuating the 

ankle joint. The sternocleidomastoid muscle is believed to provide information on 

vestibular out due to its efferents from the auditory-vestibular nerve. [179] Lock-in was 

observed in a maximum of 50% for physiological measures (Table 6.3).
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Table 6.3. Physiological Entrainment Percentages.

Measurement 0.5 Hz 0.75 Hz Nat. Freq. 1 Nat. Freq. 2

Peak 1 Peak 2 Peak 1 Peak 2 Peak 1 Peak 2 Peak 1 Peak 2

Head Accel X 0.00 0.00 0.25 0.00 0.13 0.13 0.00 0.00

Head Accel Y 0.13 0.00 0.25 0.13 0.50 0.00 0.00 0.25

Head Accel Z 0.00 0.25 0.25 0.13 0.25 0.13 0.00 0.13

EMGs

RTA 0.13 0.00 0.13 0.25 0.00 0.13 0.00 0.13

LTA 0.00 0.13 0.00 0.00 0.00 0.25 0.13 0.00

RGS 0.25 0.13 0.25 0.00 0.38 0.00 0.25 0.00

LGS 0.25 0.13 0.25 0.00 0.25 0.13 0.13 0.00

RSCM 0.00 0.00 0.25 0.00 0.00 0.00 0.00 0.25

LSCM 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Rsoleus 0.33 0.17 0.17 0.00 0.33 0.17 0.17 0.00

Lsoleus 0.33 0.00 0.17 0.17 0.33 0.17 0.33 0.00

Although the physiological entrainments were considerably lower than the 

APCOP entrainment, higher peak entrainments were observed at subjects’ highest peak 

natural frequency.

6.6 Summary

More subjects will allow us to better define the relationship between frequency 

and amplitude threshold. With increased sample size, it might be possible to characterize 

subjects who cannot entrain or frequencies with decreased entrainment efficiencies.
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CHAPTER 7

ANKLE MODEL

In parallel with a new method to study postural control, this dissertation also now 

presents a new method to characterize movement about the joints of the body, as a 

precursor to later using this new technique to model postural and balance control.

Arthropod and human limbs are multilinked systems in which the revolute joints 

are not orthogonal to the limb segments or to each other. The Denavit-Hartenberg (DH) 

representation is the traditional model used for orthogonal systems such as industrial 

robots. When applied to systems with non-orthogonal linkages, the DH representation 

projects the reference frames outside of the limb segments and presents other 

computational difficulties. A new method to represent kinematics of multilinked lower- 

pair mechanisms is proposed. Three-dimensional computer graphics techniques act on 

arrays of points describing bodies that move about arbitrary revolute joints. This 

computational model has been adapted to represent multilinked systems such as animal 

limbs to calculate both position (X, Y, Z) and orientation (yaw, pitch, and roll) of 

individual limb segments and joints for measurement comparisons. The linkage 

parameters are explicitly stated. This method allows a simplified representation for the 

kinematics of human and animal limbs by maintaining reference frames within the limb 

segments. It reduces errors such as the arc sine errors associated with Euler calculations
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and the azimuth errors seen with the DH representation. A common computational 

system is provided for simulation, design, measurement and animation.

7.1 Mathematics

7.1.1 Definitions

A vertices matrix ([Vn], (Eq. 31)) is defined by the joint number to be rotated, n; 

therefore, all limbs distal to it (limbs [n+1 \d\) are operated on or accessed in the matrix. 

The subscript d  is equal to the number of the most distal limb. Each limb requires 12 

columns of the matrix (expandable for more vertices). The first eight columns are the 

limb vertices. The ninth column is the limb center, and the 10th, 11th, and 12th columns 

are the local x, y, and z-unit vectors of the local coordinate system relative to global 

Cartesian coordinate system. The 13th column contains the position of the distal revolute 

joint of each respective limb, ijp).

(31)

A translation matrix ([Tnjr], (Eq. 32)) is defined by n (same as above) and r, such 

that the offset as “from proximal” (fp) or “to distal” (td) is defined in reference to the 

joint in relation to the limb.

*u ■*1,2 • "  X n+ 1,1 ... xdn
1̂,1 Tl,2 y n+1,1 -  yd,n

z u Zl,2 ••• Z n+ \,\ ••• z d,n
1 1 1 1 1 1

1 0 0 Ax
0 1 0 Ay
0 0 1 Az
0 0 0 1

(32)

Rotation matrices ([R„, a, r ] )  are defined by n, a, and r, where a is the axis of 

rotation. Eqs. 33-35 show the rotation matrices for rotating about the x, y, and z-axes,
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respectively. Roll (a) is defined by the rotation about the x-axis. Yaw (fl) provides the 

rotation about the y-axis. Pitch (6) describes the rotation about the z-axis.

1 0 0 0
0 cos (a ) — sin (a ) 0
0 sin (a ) cos (a ) 0
0 0 0 1

cos ((3) 0 sin ((3) 0
0 1 0 0

- sin(p) 0 cos ((3) 0
0 0 0 1

cos(<?) — sin($) 0 0
sin((?) cos($) 0 0

0 0 1 0
0 0 0 1

(33)

(34)

(35)

A joint rotation matrix [[Rev] (Eq. 36)] defines the amount of rotation about the 

arbitrary axis of the revolute joint. The a and /? angles of offset are calculated from the z- 

axis to allow for the rotation of the joint to be about the z-axis as in Eq. 35. A single 

rotation matrix ([RM (row, column)]) is used to define the orientation of a limb in space 

through a single rotation once the yaw, pitch, and roll have been tabulated.

e((3)c((9) s(#) -^ M f3)
-c(a)s(0)c(f3)-ts(a)s(()) c(a)c(0) c(a) s(p) s(6j) 4s(a) c(f3) 0 
c([3)s($)s(a)-ts(p)c(a) -0(0) s(a) -s(a)s(p)s(0)-tc(0)c((3| 0 

0 0 0 1

(36)

In Eq. 36, c refers to cosine and s to sine.

7.1.2 System Description

A relative object-oriented design utilizing limb, joint, and system objects 

facilitates the setup of the model using global positions and angles. The global origin and 

axis are designated at the local origin of the most proximal limb segment. The limb is 

modeled as a cuboid defined by length, width, and height for simplicity, but any shape
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with any number of vertices can be used. The local reference frame for each limb

segment is located arbitrarily at the segment’s geometric center. The joint is defined in

relation to the proximal and distal limbs. Due to the sequential operation in traversing the

limb, the program progresses arbitrarily proximal to distal. The displacement offset for

each joint is the x/p, y/p, and Zfp offset from the geometric center of the proximal limb.

These define its position in space in relation to proximal limb. Next, the a/p (x-axis), Pjp

(y-axis), and Bjp (z-axis) are defined as the offset orientations from the local axis of the

proximal limb. Then a similar set of offset orientations (atd, p td, and dtJ) are defined to

allow the rotation of the revolute joint to align it with the z-axis of the distal limb.

Finally, the offset is defined from the center of the revolute joint to the geometric center

of the distal limb, xtcj, y td, and zt(j. No range limitation is enabled to allow axis positions or

orientations that are considered out of the range of natural joint motion as in fractures or

dislocations.

7.1.3 Kinematics of the 
Multi-Linked System

A multi-linked system assembled to the specifications of an initial state and

followed by a series of rotations is shown in Figure 7.1.
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Figure 7.1. Displays positions of a two joint system going through a series of closed loop 
rotations defined in Table 7.1, which verifies the algorithm with the identity matrix.

The local coordinate systems are set at the origin for all limbs. Therefore, the 

limbs are moved to their positions and orientations in space via the matrix multiplications 

shown in the pseudocode below:

1. [ V /]  =  [T i j p \  [ R u / p ]  [R iy ,fp \ [R i z jp ]  [R u t d \  [R i,y,td] [ R / , . , 7  [T l t d \  [ V ,]

2 . [V 2] =  [T 2,fp\ [R 2,xjp \  [R 2,y,Jp\ [ R w . ]  [R 2,Z,td\ [R 2,yjd] [R 2,X,td] [T 2,td\  [ V i ]

 3.........................................................................................................................

 4.........................................................................................................................

 5.........................................................................................................................

6 . [V n] =  [T n,fp] [Rnpc,fp] [Rn,j,fp] [Rti,z,fp] [Rn,z,td] [Rn,>,ld] [R nri,td] [T n,td] [V n].

To rotate the distal limbs around a respective joint (n), the joint axis is translated 

to the global origin, and the axis of rotation is aligned with the z-axis. The convention for
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local z-axis rotations has been designated as the rotation for each arbitrary joint. All 

other axes are held constant at the initial specification.

Once the system is built, it can be optimized from the pure computer graphics 

framework. By using the position (jp) of the revolute joint stored in the vertex matrix, we 

can use one translation to bring the joint to the origin. This optimization creates a 

reduction in translational matrix multiplications by a factor of 2(n-l) if n is the number of 

the joint to be rotated. In addition, the optimization provides less overhead as the number 

of vertices to be operated is reduced by c n  where c is the number of vertices per limb and 

n is the number of the joint to be rotated. The optimization is detailed in the pseudocode 

below:

1.

2. [VJ-tRl.y.Ipl-'lRwJ-'rVJ

a. If the joint is the joint of rotation, jump to step nine.

3. [VJ = [ R , [Ri,y,,d] 1 [Rum ]'1 [R u * ] '[V J

4. [VJ = [R2y,fpr'[Rj,^]-1 [V»]

a. If the joint is the joint of rotation, jump to step nine.

5 . [ V J  =  [ R 2,x,ld] ■' [R 2,y,td] 1 [R 2,z,td] ■' [R 2,zjp] -l [V n]

6................................................................................

 7....................................................................................

 8.......................................................................................

9- [ V J  = [R „ ,,t/J  [R „ ,,,/J  [R e v ]  [ V J .

After joint is rotated, the system is returned to its proper global coordinates as 

follows:
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1- [ V n ]  [ R b,jc,/p ] [R «,>,//j] [R « ,z,/p ] [R«,r,<rf] [R«,v,/rf] [Rn.x.rrf] [ V B]

2............................................................................................

 3.................................................................................................

 4.................................................................................................

5- [V„] = [R2,xfp\ \& 2,yjp] [R 2,zjp\ [R 2,z,td] [R 2,y,td] [R 2,x,td] [V„]

6- [V«] =  [Rl,x,Jp\ [R/,>■,/;;] [Rl.zjp]  [Rl,z,td\ [Rl,y,td] [R/,x,rf] [V„]

7. [V„] = [T„^][V„]

7.1.4 Yaw, Pitch, and Roll of Limbs

The rotation about an arbitrary revolute joint in a multilinked system allows joint 

motion to include displacements in all three dimensions and rotations about all three 

coordinate axes. In mechanisms with orthogonal revolute joints, three revolute joints 

would be required to achieve the same rotations. Changes in link yaw, pitch, and roll 

Euler angles occur from rotation about a single revolute joint. Therefore, the new yaw, 

pitch, and roll are calculated after proximal joints are rotated. To avoid errors in back 

calculation of the orientation via position coordinates in real data, the yaw, pitch, and roll 

are calculated via the rotation sequence through multiplication of only the rotation 

matrices. The sequence necessary for rotation using Euler angles required that the 

orientations be calculated in the order roll, pitch, and yaw as in (Eq. 36). The calculation 

of yaw, pitch, and roll is tabulated both ways so that each method could verify the other. 

The method of back calculation is accomplished by first translating the limb back to the 

global origin of the coordinates system by using the limb center as the offset for the 

translation matrix in (Eq. 37).
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Roll (a) is calculated by projecting the localy-axis unit vector (x_uy,y_uy, z_uy) 

onto the yz-plane (Eq. 38) and calculating the angle of rotation (a) between u ’ and the 

global y-axis (Eq. 39).

The arc cosine function only returns values between zero and n radians so it is 

multiplied by a factor that is -1 or 1 depending on z_uy in respect to the xy-plane. A 

similar respective factor is multiplied to determine angle direction for yaw and pitch.

The computer animation standard rotations used designate positive angles as counter

clockwise rotations [147]. For a, a positive angle requires a clockwise rotation to align u ’ 

with the global y-axis. Therefore, the calculated a is inverted. The remaining 

calculations of pitch (6) and yaw (/?) follow the standard convention of positive angles for 

counter-clockwise rotations. Using a, an x-axis rotation matrix is used to rotate the limb 

so that the local y-axis vector lies in the xy-plane.

Since u ” already lies within the xy-plane but was calculated with the absolute 

value of u ’ (Eq. 40), the pitch (6) must be calculated from the angle of rotation between 

u ” and the global y-axis (Eq. 41).

u' = [0 ,y  _uy,z _uy\ (38)

cos 1 (u'- [0,1,0]) z _uy
------------;--- , X . .

\u '\ |z_wy|
(39)

(40)

e cos 1 (w" [0,1,0]) x __uy 
\u”\

(41)
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Yaw (P) requires the use of a separate local axis since the local y-axis unit vector 

is aligned with the global y-axis. The local x-axis unit vector (x_ux, y_ux, z_ux) is 

projected onto the xz-plane (Eq. 42) so that the angle between the x-axis vector (xjux) 

and the global x-axis is calculated as the yaw of the limb (Eq. 43).

Utilizing the calculated yaw, pitch, and roll, one is able to move and orient the 

limb without resorting to sequential steps as in Eq. 44.

The inability to make small, precise measurements for the position of limbs 

introduces the possibility for the researcher to make large errors when back calculating 

the yaw, pitch, and roll for a limb, especially at the asymptotes. So in addition to back 

calculating the yaw, pitch, and roll from the limb’s position relative to global axis, the 

researcher calculates the yaw, pitch, and roll solely with the inputted rotation matrices. 

The rotation matrices are ordered as they would be for the multiplication to build a limb 

as previously shown in pseudocode above, but no translations are used. The rotation 

matrix of Eq. 31 is then obtained. By using an ordered sequence of rotation matrix 

multiplications, the researcher uses the pseudocode to back-calculate yaw, pitch, and roll 

from the values in the rotation matrix as follows:

u ”' = [x _ux,0,z _ux\ (42)

a _  cos 1 («"'• [1,0,0])  ̂ z_ux
f r j  —  . . X  -  ■1 in\u "1 z ux\

(43)

(44)

1. [R M i]  -  [ R u f p ]  [R i^ fp ] [Ri,z,fp] [R i,z,td] [R i.j,td] [R u td ]

2 . [R M 2] -  [R 2A fP] [R2,_y,fP] [R 2jZ>fP] [R 2,z,td] [R 2j ’,td] [R 2*td]

3.
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 4....................................................................................

 5....................................................................................

6 . [R M n] -  [Rfl^fp] [Rnj'.fp] [Rn,z,fp] [Rn,z,td] [Rnj<,td] [Rnpc.td]

Pitch (Eq. 45) is calculated first, since Eq. 36 has one unknown. Because the arc

sine function’s range is [-n/2, ji/2], roll is rotated first; this rotation guarantees that the 

pitch will always be less than n/2 via the order to calculate Euler’s yaw, pitch, and role.

9 =  shT1 (i?M(l,2)) (45)

Roll (Eq. 41) as in Eq. 34 is negated to provide the correct rotation direction. The 

z component of the y and x unit vectors is the same for roll and yaw in Eqs. 43 and 47.

a  =  — cos
RM ( 2,2)'

/ \ 
z_uy

cos($) \z_uy\,

(3 =  cos-1 ' RM{ 1,1)' z _ux

, c o s ( d ) ,
jz ux|

(46)

(47)

This method allows one to track the yaw, pitch, and roll of the limbs without the 

need for position data (except to track the sign for yaw and roll).

7.2 Identity Verification 

To verify our methods we rotated to an end position and then back to an initial 

home position with different rotations on the way back to the home position. Our final 

vertices matrix equaled the initial one thus verifying our method, since a closed loop 

rotation is the identity matrix. Table 7.1 shows the sequence of rotations and initial 

offsets that are illustrated in Figure 7.1. Figure 7.1 shows a simple system of only two 

arbitrary revolute joints; however, it is given as an example as it is simple to expand to a 

matrix of vertices representing detailed objects. The yaw, pitch, and roll are calculated

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



86
both through rotations and by back-calculation from the end position of each limb for 

both joints with rotations from -180° to 180° in 1° increments. The angles were found to 

be equal.

Table 7.1. Offsets and Rotations of a Simple System with Nonorthogonal Revolute 
hinges.

Joint Otfp A p 0fp OCtd Ad Ad

1 5° 10° 0° -5° -10° 0°

2 15° 20° 0° -15° -20° 0°

Position Rotated Joint Degrees

0 None

1 1 45°

2 2

OO

3 1 -25°

4 1 -20°

5 2 -30°

7.3 Orthogonal Verification 

To compare our methodology to real physical data, a mechanical linkage system 

(restricted to orthogonal axes) using joints with adjustable twist, cant, and joint angles 

has been devised and fabricated. Measurements were made with respect to the right-hand 

Cartesian coordinate system using a grid on drafting paper and a ruler for the vertical z- 

axis. The drafting paper was taped to a flat tabletop, and one end of the multi-linked 

system was secured to the tabletop (Figure 7.2).
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Figure 7.2. Verification measurement setup.

The system was offset since it was above the tabletop. Adding 2.313 to the x 

values and 1.375 to the z values adjusted the calculations. An offset was used since the 

our method takes the global zero to be at the center of the most proximal limb, while the 

test apparatus begins at the end of the most proximal limb, whose center is located at 

1.375 inches on the positive z-axis. After measurements and adjustments were finalized, 

the data were converted to centimeters. The differences were calculated between the 

confirmation values and the modified calculated values. Error was calculated as the Root 

Mean Square (RMS) of the difference between the measured and calculated coordinates. 

Table 7.2 shows a maximum 6 mm error, which is within the experimental error of the 

measurement method used.
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Table 7.2. Root Mean Square Difference of Calculation and Measurements (cm).

RMS 0 1 2 3 4

Segment #1 0.34 0.51 0.60 0.33 0.07

Joint #1 0.18 0.17 0.36 0.36 0.17

Segment #2 0.30 0.25 0.41 0.41 0.25

Joint #2 0.20 0.58 0.58 0.58 0.48

Segment #3 0.17 0.36 0.36 0.36 0.36

7.4 Nonorthogonal Verification 

Measurements were also performed on snow crab legs (Chionoecetes opilio) to 

verify rotations for nonorthogonal biological revolute crab joints as seen in Table 

7.3.[139] Two different crab legs were used, and measurements were performed on each 

crab leg in two different positions. The measurements were made using methods of the 

orthogonal section above (Figure 7.3). One of the positions of the crab legs is shown in 

Figure 7.4; the results are given in Table 7.3.
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Figure 7.3. Crab leg measurement setup.
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Figure 7.4. Position one of crab leg three.
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Table 7.3. Rotations and offsets of crab limb joints.

Crab 1 Joint Otfp Ap 6fp Ottd Ad Ad

Pos 2 1 -5° VO o o 90° 5° -90° 0°

2 -35° VO o o 0° 35° i SO o o 0°

3 -5° 90° i SO o o 5° 1 SO O o 0°

Crab 3 Joint (Xfp Ai> 6$ 0(td Ad Ad

Pos 1 1 -5°

oOcv vo o o 5° -90° 0°

2 I o o oOov 0° 35° -90° 0°

3 -3° 90° -90° 5° -90° 0°

The methods used to make the measurements were similar to those of the 

orthogonal axes measurements. The level of accuracy in the measurements was 

determined by comparing the vector lengths of the limbs compared to the measured 

length of the limb (accuracy within 0.3 cm required, which allows for ±1.5 mm error for 

each axis coordinate). Measurements meeting this requirement attained comparable 

results (Table 7.4) with our simulation shown in Figure 7.4. Since the measurements 

were carried out similar to the orthogonal linkage measurements with measurements 

taken in centimeters instead of inches, the errors were the same. All the nonorthogonal 

measurements that met the required accuracy had RMS error less than six mm.
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Table 7.4. RMS of differences in crab limb position (cm).

RMS B C D E

Crab 1 Pos 2 0.0 0.2 0.6 0.6

Crab 3 Pos 1 0.0 0.2 0.2 0.4

1.5 Ankle Simulation 

A model of the human ankle was developed based on three segments with two 

arbitrary revolute joints (Table 7.5). The segments are the calcaneus, talus, and mortise 

(comprised of the tibia, fibula and ligaments). The talocrural joint (upper ankle joint) and 

the subtalar joint (lower ankle joint) are arbitrary revolute joints.[137,138, 145] Isman 

and Inman measured the locations of the axes in the bones relative to each other (Table 

7.5).[137, 138] A computer animation of the ankle joints was made as seen in Figure 7.5.

Table 7.5. Offset of the human ankle joint.

Joint CCfp Ap 6fp OCtd Ad Ad

talocrural -20° -16° 0° 20° 16° 0°

subtalar -41° -67° 0° 41° 67° 0°
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Figure 7.5. The ankle model in the second position of our simulation to show both a 
slight plantarflexion and supination.

7.6 Summary

Animal limb mechanisms are three-dimensional kinematic chains with 

nonorthogonal revolute joints. We proposed a more complete method (intermediate 

calculations are in Tables Q.l-Q.l 1) for the representation and analysis of the movements 

of these and other three dimensional linkages. Our SEA (Storey et al.) representation is 

similar to that used in computer animation and provides a common and clear language for 

designers, modelers, animators and biologists.
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CHAPTER 8

DISCUSSION

8.1 Diabetic Postural Control 

The comprehensive study allowed us to look at alterations in both static and 

dynamic posture caused by Type-2 diabetes in mature adults. Lower limb peripheral 

neuropathy, prevalent among those with Type-2 diabetes, has been assumed the cause of 

the increased likelihood of falls and instability. [51, 180] Our study was able to compare 

perception acceleration thresholds of perturbations and static postural metrics in people 

who have diabetes with and without lower limb peripheral neuropathy. We found that 

both DPN and DNI have significantly increased acceleration threshold as compared to 

HMA while only DPN and significantly different static postural metrics as compared to 

HMA. The only factor we could not control for was mass, with DPN having significantly 

higher mass than HMA. Although no direct link between mass and postural instability 

has been seen, BMI and neuropathy has been correlated, especially in diabetic 

individuals.[181, 182] Although links were observed, our subjects were not controlled 

for physical fitness or body fat percentage.

The acceleration threshold tests showed a distinct decrease in the ability to sense 

forward platform movement in both DPN and DNI as compared to HMA. Our 

electrophysiology examinations could not account for the decrease, since HMA and DNI

93

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



94
did not significantly differ in nerve conduction velocities; yet DNI had significantly 

increased detection thresholds at both 1 mm and 4 mm displacements. The SWM 

examination did not reveal any significant differences between DPN and DNI but did 

show a bilateral significant difference in the heel and a significant difference with a trend 

on the left and right fourth metatarsal, respectively, between DNI and HMA. The high 

SWM thresholds provide a cause for decreased sensitivity of DNI to motion, since the 

DNI have higher mean thresholds than the DPN; and the geometric mean of the SWM 

threshold at both heels was higher in the DNI than the DPN, but was not significant.

More DPN (5) than DNI (2) had SWM greater than lO.Og, but none had any history of 

ulceration or vascular problems. DPN subjects had significantly higher SWM threshold 

at the big toe, first and fourth metatarsal, and heel than HMA on the left foot, while only 

at the first and fourth metatarsal on the right foot. We did not collect any data on subject 

handedness or footedness so we cannot correlate that with any certain side deficits.

To prevent ulceration, people must shift their body weight away from pressured 

tissue. [183] Therefore, if subjects have foot-preference for stance the chronic increase in 

pressure in the preferred foot could cause damage to nerves and vasculature, which could 

be exacerbated by diabetes. Our quiet standing period was 20 seconds in length, which is 

shorter than the time required to force the subject to shift his or her weight several times 

to alleviate pressure in the feet. [184] The decreased sensation at the heel could provide a 

reason why both DNI and DPN scored significantly lower than HMA on the Berg Scale. 

The DPN and DNI self-reported in the RAND poorer general health and had trends with 

more pain and poorer physical health, which could be attributed to the increased SWM 

thresholds of both DPN and DNI groups.
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Simmons et al. studied diabetic individuals both with and without cutaneous 

sensory deficit versus controls. [14, 168] Our data confirms their findings that DPN who 

had significantly different SWM thresholds from HMA, also had significantly larger 

anterior-posterior sway lengths than our control (HMA) for quiet standing analysis. [14] 

This difference could be associated with motor nerve neuropathy, which is deficient in its 

ability to activate muscle efficiently to balance a person, or with sensory nerve 

neuropathy since the control systems inputs are delayed. The evidence of the 

involvement of spindle fibers provides reason, since longer sway deviations would be 

expected with length-sensitive sensory loss. Our data also show that our DNI subjects 

who also had significantly different SWM thresholds from HMA did not significantly 

differ from HMA for any quiet standing posture metric. The only significant difference 

between DPN and HMA was found on the great toe of the left foot. Tanaka et al. has 

shown that increased pressure on the great toe is shown with increased age, which leads 

to its increased role in posture, balance, and gait. Although the big toe seems to have an 

increasing role in balance with increasing age, it does not appear to be significantly 

affected by diabetes. The other higher pressure centers of the foot (metatarsal and heel) 

provide more evidence that pressure damage may be the result of cutaneous sensory loss 

with diabetes.

Lafond et al. also studied quiet standing in diabetic individuals with sensory 

neuropathy versus healthy elderly. Their data and ours confirmed the increased anterior- 

posterior sway, but our data did not indicate different medial-lateral sway between groups 

that was seen in their groups.[77] Richerson et al. has shown an age-related decline in 

medial to lateral direction.[9] Since subjects of Lafond et al. were on average 10 years
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older than ours, age could be the reason for the difference seen. Nardone et al. studied 

both dynamic and static postural stability in subjects with polyneuropathy diagnosed by 

nerve conduction testing. They proposed that the increase in sway could be attributed to 

the loss of group II spindle fibers instead of group la motor fibers. [16] Improper 

functioning of spindle fibers has decreased efficacy of muscle stretch receptors, which 

could lead to postural instability.[22, 185, 186] Our HMA and DPN subjects had similar 

nerve conduction velocities as Nardone, et al.; and our DPN group corresponds with 

Nardone et al. by the increased sway over HMA, especially in anterior-posterior 

plane. [16] Simoneau et al. found that sensory neuropathy found by SWM threshold was 

more sensitive to quiet standing postural instability, where our data provides that the 

decreased nerve conduction velocities of the DPN group cause their significant postural 

instability. [187] The metric that Simoneau et al. used to quantify stability was total 

excursion, for which we found a trend only in the anterior-posterior direction. [187] No 

studies to date have compared diabetic individuals grouped by peripheral neuropathy 

depending on nerve conduction velocities, SWM thresholds, or both. That information is 

needed to control for the different types of neuropathy seen.

8.2 Hearing Loss and Diabetes 

Studies have shown deficits in the visual-vestibular interactions and suggests 

degeneration of the sensorineural components of the vestibular system due to 

microangiopathy and cellular changes from hyperglycemia.[64, 188, 189] Our study is in 

agreement with Duck et al. with the finding of increased hearing loss at 4 kHz and 8 kHz, 

but their study found substantially more hearing loss in those who were hypertensive. 

However, because the hypertensive data were not available to us, we cannot conclude
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that hypertension also had effects on our subjects’ balance.[60] Contrary to our study, 

Weng et al. found no difference in high frequency audiology in men and women. [61] 

Vaughan et al. provide support to our findings in that only their high frequency hearing 

loss was significantly higher in diabetic veterans (27 of their 692 subjects were 

women).[65] Frisina, et al. observed only low frequency hearing loss. The impossible 

task of controlling for previous noise exposure especially in veteran populations makes it 

difficult to confirm findings.

8.3 Modified SIAM 

The mSIAM method allowed us to improve our threshold estimation over our 

mPEST method by reducing our threshold detection algorithm from two intervals to one 

interval. By integrating PEST into SIAM, we were able to then achieve efficiency of the 

2AFC with our mPEST threshold detection scheme. This choice changes the 

psychophysics that we examine from a two-period differentiation protocol to detection of 

a perturbation from background noise. We therefore set a constant peak acceleration for 

the background noise for all trials. This condition also helped to alleviate large 

acceleration peaks observed at the onset of a sine wave from stationary platform. The 

mSIAM with 5% rule provides us with better rejection of false positives and higher 

convergence to threshold than the 2% rule of mPEST, which was the current rule for 

acceleration threshold tests. This method will allow us to now find amplitude thresholds 

for different frequencies, with presentation of multiple cycles of less than 1 Hz.
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8.4 Sinusoidal Entrainment 

Our sinusoidal entrainment method will allow us to improve how we study 

dynamic peri-sway postural control. Our methods have achieved higher levels of 

entrainment than those using visual stimulation. [190] De Nunzio et al. used 60 mm 

translations, and they were able to show the importance of proprioception for entrainment 

by removing the sensation with vibratory stimulation. [96] Therefore, proprioception may 

be more important for control of quiet stance than visual stimulation. The frequencies 

used by De Nunzio et al. were low (0.1 Hz and 0.25 Hz), and they only recorded 60 

seconds of quiet standing data. [96] We recorded two minutes and looked at 0.5 Hz, 0.75 

Hz and the two peak natural frequencies. Their low entrainments could also be due to the 

low frequencies they investigated. Although we cannot account for the entrainment via 

an analysis of EMGs and head accelerometers, the new three-dimensional (3d) motion 

capture system will allow us to focus on the subject’s strategy (ankle or hip) during 

entrainment to allow us to focus EMG studies to the appropriate muscle group involved 

in entrainment. They also conclude that their moves may be too large, and that 

anticipatory reaction to regular oscillation via higher brain functions cannot be ruled out 

as cause for entrainment. [96] Coma et al. (60 mm peak-to-peak) show that the body 

under oscillations is not a rigid inverted pendulum and that the different segments 

respond differently.[191] This study shows the need for nonorthogonal biomimetic 

modeling of posture for an oscillating subject under entrainment. This study also 

confirms our findings that the head did not entrain readily as the APCoP did. The head 

was stabilized separately from the body, although it cannot be determined if it was via 

vestibular mean or higher predictive processing due to the predictability of the regularly
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oscillating platform. The head stabilization mechanism under entrainment could be 

investigated in those with vestibular loss.

8 . 5  A n k l e  M o d e l

The DH representation has been used to measure the movements of animal joints 

with a six revolute orthogonal mechanisms[192, 193] and represents the mechanics of 

arthropod limbs with their arbitrary revolute joints.[129, 140] Albright et al. described 

the difficulties encountered using DH for linkages with arbitrary axes and suggested a 

more flexible method, which used directional cosines.[124] Buford et al. used computer 

graphics techniques and arbitrary revolute joints for computer simulation of human hand 

joints’ motions.[151, 154, 155]

Our proposed model is a more complete method for multilinked systems than the 

DH representation or the Albright method, but it also requires more computational power 

for motion simulation. These computations, whose complexity presented difficulties in 

past years, are now feasible because of the increases in desktop computing capabilities. 

Programming in Matlab®, a common software program, allows for flexibility in a variety 

of settings. Outputs for motion of limb segments can be in yaw, pitch, roll, x, y, and 

z values; a representation commonly used by engineers. The method is three- 

dimensional and has the same computational approach used in computer graphics and 

CAD software, thereby providing a common language to modeler, designers, engineers, 

and biologists. The technique involves translating and rotating the limb joint mechanism 

to align with a reference coordinate axis, rotating the joint revolute, and then de-rotating 

the mechanism and de-translating it back to its correct position. There is no order 

dependence for joint rotations. This approach reduces the azimuth errors and keeps the
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limb or joint reference frames within the limb segments. The parameters describing each 

limb segment and revolute are clearly defined, simplifying the limb’s mechanical 

description and kinematic modeling. The errors between the measured data and our 

technique are within the experimental errors of our measurement process. Thus, it is 

reasonable to assume that our methods of calculating the positions of the limbs are 

correct for orthogonal and non-orthogonal rotations. The identity matrix that is attained 

from the closed loop rotation also validates the methodology.

The method can also be used to compute limb dynamics and control. Giurintano 

et al. used sophisticated non-linear optimization to resolve static thumb joint forces using 

a five arbitrary revolute manipulator. [152] The solutions of static and dynamic forces in 

a non-orthogonal system are much more difficult than in the more common orthogonal 

robot designs.[121] A design advantage of our method is that the resultant forces are 

three-dimensional and can project out of the plane of the limb segments. Solutions for 

the dynamics of non-orthogonal systems are also more complicated than for orthogonal 

systems.

In addition to centripetal forces, Coriolis forces—a fictitious force deduced from 

inertia—become real factors for each moving linkage and may project out of the plane of 

the limb segments or the limb itself. These forces can be additive and are of great use to 

the evolved efficiency of the moving crab or human. They are probably an important 

factor in the evolutionary design of limbs and their joints. Robotic designs exploiting 

such forces could improve robot efficacy including more rapid motion, improved 

efficiency of motion, increased dynamic torque, and increased (or decreased) impact 

forces.
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A better representation of the forward kinematics of animal limbs should assist in 

the understanding of limb motion, in designing limbs and joints, and in finding better 

solutions for inverse kinematics. Lupichuk developed a method for finding the position 

and orientation of an arbitrary revolute from three-dimensional data (x, y, z, yaw, pitch, 

and roll) with application to the elbow. [142] The method was accurate and precise, but it 

was limited to joints with only one degree of freedom, a relatively long limb segment, 

and an arc of motion of at least 60 degrees. Moore et al. used configuration space 

analysis of human wrist three-dimensional data to determine the number of degrees of 

freedom in the joint and to determine the paths of motion within the space, which showed 

only one degree of freedom.[143] Our model uses single degree of freedom joints and is 

not limited by linkage size or rotation.

This method will allow for improved postural modeling with entrainment since 

ankle or hip strategy can be investigated with three-dimensional imaging. This method 

will allow us to simulate and model how the bones of the ankle rotate to provide to the 

overall APCoP entrainment. Currently this method is limited to simulating only position 

and orientation. The amount of work required to provide inverse kinematics and kinetics 

is substantial. Currently this model could be used to calibrate an orthosis that measures 

the ankle joints rotations.

8.6 Conclusion

Diabetes as an epidemic will continue to affect our aging society. Clinicians can 

now be made aware that detriments to postural sway exist in the absence of peripheral 

neuropathy since our dynamic postural analysis methods show differences that are not 

detected by the current static methods in the absence of peripheral neuropathy as
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determined by nerve conduction studies. Furthermore, the sensorineural hearing loss 

observed in our diabetic subjects provided evidence that similar deficits exists within the 

vestibular system. With our new sinusoidal entrainment method, our lab will be able to 

characterize sway depending on subjects sway status to provide us with a better 

understanding perturbation threshold by investigating the dependence on postural motion 

of acceleration thresholds. With future studies investigating ankle and hip strategies for 

entrainment, model will by able to mimic the nonorthogonal properties of joints through 

our nonorthogonal multilinked system. While the observed increase in acceleration 

thresholds of diabetic individuals shows the power of this method in detecting changes in 

the postural system, the proposed entrainment method will allow us to better control for a 

subject’s sway for acceleration threshold detection.

8.7 Future Work

Further studies focusing on diabetic individuals with cutaneous sensory 

neuropathy, individuals with lower limb neuropathy, and those with both will help better 

define the cause for instability in diabetic individuals. In addition, further studies on 

individuals with peripheral neuropathy but who are confirmed to not have diabetes or be 

glucose-intolerant will better define peripheral neuropathy’s and Type-2 diabetes’ 

contributions to postural instability. The asymmetric profiles of some of the SWM 

thresholds provide evidence to investigate handedness, footedness, and foot preference 

for quiet stance. In addition, recruiting equal numbers of male and female subjects would 

be paramount in differentiating sex-related differences especially in hearing loss. With 

future studies between groups, we can look at differences in amplitude and frequency 

thresholds to perturbations between diabetic individuals, elderly adults, and young adults.
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The sinusoidal entrainment will also allow us to study perturbation thresholds during 

different points in the sway between groups. Future research will improve our 

measurement of joint motion and the analysis and design of joint and limb kinematic 

mechanisms.
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jvcnto f 
Affairs

VA RESEARCH CONSENT FORM
PROTOCOL #HOO-022

Subject Name: Date:

Title of Study: Threshold Detection of Postural Control in Diabetic Neuropathy and Aging 

Principal Investigator :C. J. Robinson, DSc. PE: A. M. Hollister. MD VAMC: Shreveport

We are asking you to volunteer to take part in a research study at the Shreveport Veterans 
Affairs Medical Center (VAMC) and Louisiana State University Medical Center (LSUMC).
It Is important that you read and understand the Information on this form.

DEFINITION OF CONSENT FO RM
This Consent Form gives detailed information about the research study which you will be able 
to discuss with your doctor. It is not meant to frighten or alarm you; it is an effort to make you 
better informed in order for yon to make a decision as to whether or not yon wish to 
participate. This process is known as “informed consent”

PURPOSE O F STUDY AND SELECTION  OF SUBJECTS 
Slips and falls, and o r a  the fear o f falling, can represent a major medical and functional barrier to living 
independently. A fall is normally prevented by the detection o f abnormal motion and by strategies used to 
correct or compensate for imbalances. Therefore, to react to a potential slip or fall, one must be able to 
detect motion changes that may lead to slips or Mis.

You are invited to participate in a research study related to standing balance and postural control. 
Researchers at the Overton Brooks VAMC and Louisiana. State University Medical Center hope to learn 
how much the senses of the limbs (touch sense, joint angle sense, muscle tension sense) contribute to 
stability. Such, knowledge may well lead to better evaluation and training methods in order to prevent 
slips and falls. You were selected as a possible participant in this study because you are an average healthy 
adult and your senses are intact. Your responses will be used as verification of results previously attained. 
You should be between 18 years or older to participate in this study. Before proceeding further, we need 
your permission to ask you if you have had certain illnesses or neurological problems which might 
confound our study results, and hence, make you not a candidate for this particular research study. Your 
answers will remain confidential.

May we ask you some questions about your medical history, and verify them from the information in your 
medical chart (if available within the VA)?

Yes or No: initials:

SU BJECT'S tDENTIHCATION jf.D. pfauc o f  give tome • last, first, middle)

Subject's Initials;

VA FORM
... in  tno«c

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



106

W  Department o f  
Veterans Affairs

VA RESEARCH CONSENT FORM
PROTOCOL # HOO-022 (Continuation Page 2)

Subject N a m e : D a t e :

Title of Study: Threshold Detection o f Postural Control in Diabetic Neuropathy and Aging 

Principal I n v e s t i g a t o n C . J- Robinson. DSc. PE: A. M. Hotiister. MD V A M C :  Shreveport

QUESTIONS
Persons with severe cardiac or cardiopulmonary involvement, chronic lower back spasms or pain, central 
neurological deficits, history o f  non-healing skin ulcers or peripheral vascular occlusive disease, current 
drug or alcohol dependence, or orthopaedic deformities (such as kyphosis, arthritic changes or amputa
tion) must be excluded from this study. Those with a history o f repeated fails, previous joint injury', or a 
bone or articular cartilage disease must also be excluded. (Any information obtained during this study and 
identified with you as a subject will remain confidential and will be disclosed only with your permission.)

You do not have now, or have ever had, any of the problems just listed. Yes or N o :____ _ Initials:____

If you answered “Y es,” thank you for your time and effort in volunteering to participate, but we cannot 
use you in this particular study. Please fill out the personal information on the last page before you go.
If  you answered “No,” then you are a likely candidate for our study, which we will now explain to you.

PROCEDURES
I f  you are an older adult or a person with changes in the nerves in your limbs, you may have had a change 
in how you sense changes in the standing environment. If you are in good health, have no physical or 
neurological problems, you will serve in a group that we call ’‘control.” We will compare these two groups 
to better understand how the nervous system assists in maintaining postural stability and dynamic 
balance,

I f  you decide to participate iii this research study you will be asked to answer a brief medical history 
questionnaire. This may be done over the phone ot in the laboratory. All subjects will be evaluated for 
sensory and motor function, lower limb strength and joint range-af-modon, and any possible lower limb 
asymmetries.

The main test will have you standing with bare feet on a platform that will be stationary for approximate
ly 30 seconds then moving forward during randomized time intervals. You will be informed when a possi
ble move may occur and you will be asked to state whether the device is moving. In these tests the plat
form will move your whole body. You will be wearing a blindfold that will restrict your vision and head
phone to reduce outside noise, so that you may only recei ve morion inputs from your sensory system or 
balance system. For ail tests you will be wearing surface muscle activi ty sensors on your legs. If you go 
through all tests, we estiniatethat their completion will take less than four hours. We may stop testing if 
you become dizzy, or nauseous. You can stop the test at any time that you wish, without reprisal.

Subject’s Initials

VAFORM
mm i wo 10-1086
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VA R I . S F A F U ' H  CONSENT FORM 
PRt H < X i 'I # 111» -i C 2 1 Continuation Page 3)

S u b je e t  N * m e j ______________________________________________  D a t e

T i t l e  O f S t u d y :  T t o a t o i d  D e te c t io n  of f tw tm a l C on tro l in  D a M t  N e u r a m ih v  a n d  A ir in g

P r i n c i p a l  liB v O tf ig M n r i C . I .  lo fa u iso t i ,  D Sc.. .PE: A . M . [ M l is t e t .  M D  V A M C }  S h r e v e p o r t

&ISCOMFORTS AND RISKS
All motions o f  the pkufiiini will lv  neat tout hjuiral sms'* etui-ee el ptHslMi liLVBu-*: o f  tW». u»u »uv 
not aftvavtbe able to lev] ihc dev ice naive .U-»> |«eauac tin. nu'iciui:hU wJI be mi slight. tiieie t» twv 
little dunce ufv our falling. iXnnip ll:e tjtue.. w h eath sf kiUuflut i-. nu und while u-iu eves m e dosed  
or Hu jli ikk‘f.1 ju t  you are weifinp the te.idftuirics to Hock mil eidcioitl ii 11..r> ted a slight
Ji ih.t o f hdaijee di/yuievKii tu u »a  You *v ill be spoiled hi an investigator nbutJicip IwlutnlwiitihM will
L -oneel tuiL f p  h d .H L  a |s ,a s ii li.il ta l l  e v e n t  liiii I 'c c d r

Fot all se-ith. ail |osut motions will be xctiull asid luiiK dow. Hewever there is a possibility that inur ankle 
or knee lositt". te J d  he injured in fliers*: k»l* c»|n:<.k*ll> if the Jofasta are already weakened r«i iltis reason
i  v o u  t e i t  a  pare v sous jo in t  ttifuiv on <uv -• le .u a  d iag n o sed  w ith  a  k w ie o ra f t ie u la r  c a r tila g e  d isca.* :, we 
k -h  V oil tell us tw 'i  a n d n o t  p ; i : l iu :« ( _• i:i l \ i i  -vtiiiiu

'mixc He use pro|safty isolated ckcl: ted autphlk-i t, Ibisre Should I* itoiish of shuck from, uui twasure- 
riieiti .*1 ittusele astiYiitv. Ttie n. i. ilsiv ill icji-aCs will fit* lidd k' v nut jiiu unit a small puree of douMe
sided tape The gal tbut lvlps cmkLei vnu« uiusek ad m it the ■n.'tisois oa»v itave u salt Imse. Tom maj;
>:\ |v; ili .sl Millie leitiie-.-. fivili [lie ISfSB sa oonduction gti I "I tun is culVitikvft and die iei,k'iee.-> steald dtssp-
|Mmi H iI.LHi a Ieu liuUis

BENEFITS
You m y  not personally 1 *  helped b y  taking. part in  this study, but your participation may h a d  t o  faiow- 
J« |ae Hint will .help otters. We will aeview your « kd risu lis witft you. befo® you lei'1 v> and atptiileani 

m i l  fiiKliiigg. devdopad as a  readi o f eMs study will bo provided to you a i A t u  I on o flM  study.

RESE ARCH RESULTS 
Irifnrntatu’m aid  research i t - .u l l s  w i l l  he iiseJ to luither t b c  field o f  posture and Italauce eonUol and to 
teiicfit the trvaluau«a« aud tlterapy processes related to posiuiia and'balance. Tbecefereliie fesaarch nasults
H  ill (,'iw .ftlilv  h o  U se d  In t  v c h u l iu h .  p a y c in .  (H e ic n lii lK tii-- . m idi f u lu t c  i t i te t l  a p v '- l i t i i l iu t ls  

A«v U iliiiJE iiitjtii'i o b t a u u j .5 d>aiii^ l i tb t  study a n d  iikillilied w ith  H»U a s  a  s ia h jo c t  w il l  :i« rna:in  e u u f i d e i i t i a l  

and a ill Kr diseli i»ed i m l v w uh your penni»ion.ff re s u lt .^  ut" i l i is  viudv a r e  reportad i n  n t a l i u i l  juuntaLi i u 
a t  n je c  u o } .a , y o u  w i l l  not be identified b y  name, by woognizabfc phoiagraplt, or b y  any other jneana 
n  id i t iu t  u u u r  a(»ei:lk eonsetw. Your medical reconlo vuLI he niatnkiueJdCciirJaip to 1 iu s .u a - J ic y i i  cettier's 
t e q u u t a n w j i a .  By s i g t j i a f  lla* kn'n vou am givipp periMisvtwi. h e ui. l o  u>jkc i c c u s d ^  available to llie 
Slaevejiuri VAMC and LSI * MeJicd CbsMm’s InstilutioMl Boaid ftw Hunan Research to which 
jufi*raatiun w i l l  h e  re l ts i ia e d  a l l  u f  whotnm i M main l ,« i .  coiUiJeniiuluy.

SUutopeat’a Iniiala. ̂

• ' J I M

■ a i fi« £

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



108

V - \  R I  S I - A R C H  C O X S l - N T  F O R M

HIuMiKol H1M -IC2 ituiiUhuui.-H iJ.%L I:

Subject N *m e: Date?

T i t l e  o f  S t u d y :

^  '̂ ~ VAMCi Shreveport

Panieifutiori in this project will not ei'lcct \ our usual clinical treatment here at the VA You a »  » »
dial U'ij are under no obligation topataeipau.- in lids study and you may wilkhuw as am time without 
l« i  wlice to your owdteal care or lest «f Imiicllt-. u- h ruch you are entitled Sk'dd s ou etsoowe not to 
participate, you will still receive the usual medical earn and treatinaoL to which you nee entitled. You may 
withdraw jraticipaticn from Aw project ill uny time without prejudice

.SPECIAL M K M M ATKM
Yon will be paid $-2 5 it!) <w uiu.fc tor each session in which you. participate. A  session may fast up to 4 
hours. Payment will l«c I i< ut.li the OvertonBrooks VAMC in Shreveport,LA.

L You im  in,-* i Laired, to  take part in litis studv — t»«u participation is unto eh voluiiiaiv.
2. You can refuse to participate now or you can wi’lidtdiw front the study of uuv iiiik atiw giving, ymii

consent.
3. Y aw decision whether or not to participate iu tltis -4 iah w ill uot involve m y  penally or l a s  o f  rights 

nor will it prejudice your futurerelation with the \  AML, u  [.HUMC.
4 . I !iu l  Will he ii. i esi-.to to !  oil Jiit am  id  tin: liculi,u.-nl o f  k m i i g  d o n e  as JLn114 lh »  iv-sLuKh .vtuJy
5. In ij-K .4 jiKL*r-<- *hn] elTLeK ii' pinsieal injtirt resulting fnun Shis studt. t-httible vetcunii aic 

u iiitL -d  l>- i i t j i lu i 'l  l j u :  ar.d U lmidu."!!! Ci.i[il|x:ti.>aiiiiii sum nr u v n  not I*  p a m H e  in tin: i- lc n l id 
fdo mliiI u ,|u :v  i.riNUlg l im n  llu-i s,ltal\ liijJLt ii|ipLir^rlil«_- tod fi:il Uw Furtijcc iiilniiriiilsnii <iLlm.it 
t-,'ijirt.i:i"..iUi-:a. a rai iix.'dical LiejLOarnL iu :0  Ik  o i'tiib ied  l io n , d ie  tiJL-Jfeal ad inu iisU ^lksn  s e n  iue .it th is.

6. VAi.ikdk.sUi.-iik" Non-eligible veteran* aac uttiiL-d uah tomedical emei(Mtu.'« cuie awl tiuiimant 
Min Inunamianan basts.

7. If you hat «. ipiekiiiin.s .iU .ui -i mu lights as a ressure-l ■ p  .itw .punt, wm mat mniaei ihc ihminiaft o f the 
Institutional tfcih.** iksjid .n ,3lKi-f 75-5409 oi tin: < Inc I’ u f 'ita IT, < h citnii liCkv.̂ k-* VA MLdkiil 
Canter at 3̂ J Hji-424-<»0«R*.

S.. I f  you a m  a  patient o f  the V A M C , a  copy  o f  tins consent form w ill h e  placed iu your medical record

Subject's Initials

•. x -i i:-.i
JA\ Ur.li i w o i f i
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VA RESEARCH I UNSENT FORM
PROTOCOL ¥ l l i ’WOI iCoiUinLcUu.ii Page 5)

Subject N a m e -  _____________________________________________________  D * t« i

T itle  o f  S tu d y: TtaeshnM Detection o f Pastoral Control in D iafaik  Neuroaalbv and Anuta

RESEARCH SUBJECTS* RIGHT& I ham read or t a w  had read to mo all o f H e  above 
IX.  I ’huik-t Robinson i<* his dKMvuib! hasespIairnKl tta stud) to nue and aiisWeMdal ul'tm ifite'tions. i 
hate Iujwi told o f  (ta  cki* 0 1  disau<i)tfoits and piMsibk benefits o ftta  •dial* I haw taeti told « f  other 
t-hoita** o f treatment available tu -ne.

I understand lit it I eh n :rt hin t  ta la te  [kart le tlib study, and isiy refasal to pardrlf ate will tavnlve 
no penalty nr la s mf rijjit* fa it it kit 1 m i  entitled. 1 may withdraw tmm this study at any time 
withent penally t r l(Di f  VA *r a ltar tameit* to which I am entitled.

In case ihcu. an: ii&’itaal piovlcans n  questions, I tau- tavn iimI I van call l)i t  t a i lo  Uoliuioui ji
(3-l§)-42t-»'-1'*4*‘ m 1st Arch: 1 Mister duinig die das aftd Dr. RubiDts-r at {AlH)-51 %-'Jl2.2
a f t e r  b o m  s I f  . a o  t n e d t u i l  p to W e f lb  .<Ci in  u t cannix 'li> .> ii W illi t h i s  s t u d y  t t a  V A  u t i l  p m i i . h  c r ik .f g c i) i .y  

care.

I unki stolid my right' jsa a w a id i subset;!, oiid I toluniarii, <.mistti in participate in Ifcia Mudy. 1 
untkisuiiil what (ta studs .s atv>ul arid buu uinl ta d is beuu. dnm.

I wilt receive a signed copy oF lliis consent tana.

“’I lave been pvtn  the opportunity to ask questions and taw  them explained ta tm "

Subject's Signature

Signature o f Witness

Date

Witness (print)

n l i ire o f  iri.visM.ig*itor

bwliuSeniil fe riew  B aud Appnaral t e l  Bate i m m  .  End! Date 03,<2k«S

Sufcjeet’s M tiak

viiimi
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i ' '  I ORM H D  C O N S E N T  FORM. 

m O J B C T T IU  t P m * . 1 oobedFi tu  i f  rt F tydxifihygka] M odels

PK IN Q FA L  I ' ' \  I H ,  i \  1 ‘K: Dr Charles Eohin&nn IRB Approval: <5/19/51306 #06-24

mrnmrn
We k  ^4  u g A h a  rsw d io  Kt, \ t k t p  ii in u e s  -% <h >tuth it < f iris  n  f u u is i t t  u  <tcok t-mbm. h d im e  

and jvsU ’m! i it- d kesc 8 cbcr t f irk m 1 nsvcr n» I ops to  It im  hi much h« **» ms I the itmr>* «t u .h  
iu n l i iik s tn s t 4 d  m w  it  lens on suv* a n t i ^ u i t c  tfic it rri tv t \  n a p  Aurt With 'Mxt kn w i dm 

vu n i fh i  1 n u tc d u v i thi n  ! i l l  ur dipping

M cllim K

'i nuare  a possible p in  up»m  m this*iutf$ because v>u; sea es are ie ss  mahi\ irtnct ,sncb o u a re n o t atTkaed 
with v \« t*  a tu iH i m  c irdk>pylm uur\ rn v u h e n u it  » hiomc k n u r  back >pa*ms ot p«i^i c mud nu j-o k an u d  
4-Ucith hcsturv a  p rtfx u w  o f  fool nicest or penphetm  vascular occlusive dtacaM.* u rn  cm drug u? alcohol 
depetKkras o ro n ik  pedic determ ines jujuo ei diseaie < Hivh a.* b 'pboM s arthrm r changes h o l e n o r  re p k n e i 
jjint* or amputation) M itm gauulS on *at diabetes doc> n<ft bar uvui jsatiupatu jn

th is  research i* centered upon sabth  guu m% vour natural m a \  mi'tM nand determinmg where1m vour 
p a .u rn th tf  * oa < rmheM v n u  a mild shill m \< w  hakim.** W hen * mu balance mw vour senses oi toot p te v u  t. 
and oi d  nuuadeeth?rt M> signaled hv u n e  k g  n e r  im  u n it  vision or the bat. rtce sen c organ in ih t head w alled 
die v e s fih ik i a M enu or am  combsrmtii u It i n important k» our stud) to  I i  uHe U> sep irate out tlie^e eftK ts, we 
do the tests outlined telow .

We will g i\e  \« »  <ome initial screening le st to de’enm ne whether sou  m eet the '.n te in  for p*xsveamg 
tm thcr W e a  id les t h*u w e llso y  a m p n M tfe m u k ito d e u i!  since our rrKaemeoi ie^s arc suhile W e w ill a}sn 
measvre via n a&ndsud w i Wen u  X w h k tsv w  ieelirg^ w e about the quahw ol vour health -vtitu^ We wiL s o\i 
ctflam  .̂[U4.‘sUons about so u r health, and pusi and present illnes*e« anu msunc- Hjo,ed <*t% \o u r  rv ?ponse»« we ra j) 
need M n A continue with vuu besond liwl 5xdut .u  v* e base U/undcert^un i,s< h rs ih .tle  ^Uude from the sHidv

W e w ill measure how well and h > t a c t  \ ou sense x-m ill louehes to  the bottom ot \o u r  foot or t ^ s  how w*eM and 
how In s t\o u  sense f in e s t^  vuhmuv pitches andhnw  th scm b ig tn e  u«kle^ knees and m iw cuaH eu\< n ir 
i i n g e - i n  iend  ia .  tiength aid stillness cl the muscles ot these ru n ts  W e w dl nteasuie j oui h ey b t weight 
end the lengdnd  uiiiou-> }?<«ts of u>ai bods W e wdl '•fecshcalh ,isk >ou io? perm ^ion  to  meawire sv u r  n«p u i -  
eum krence and\v«a w a k tu u u n ite re n e c  anJ> oum xv retuvk lot js m d ^ th a t w itio u tsu  k n o g a m  nprj*«nl> Vu 
w ill do tw o a.indaid k iia tif e tests to see now well * u i  b^hnce  i%n both legs on one k g  with one tovt oehmu tire 
other wnth v our eves open a rd  with v our eves closed and other h Pams meri’Uies like v<mi ohthu  U -stanti lorm a 
Mtang ,<*11100  ^ o u  will do these tests standing on a tile llour or Irom a ch au All <i these te d s  « ill i 4 e  
jh ^iN om m uves and mas K  jn - 'n  n-he!ween other teds

\l l  hum ans sw js  Ii .s a rulur. X  c  erv second oecunence Whvit v e d>' is to add a small ionvard h d 'n g m  >\c- 
incnt Insclmn o f ai meh t* i > meh^st to die plate * <n which >.>u <ire standing \n  initial tew* w JI hr«ve '  ou ’‘land 
mg w th bare leet on -iplatiorm  that will he ^tatmnars te r about do aecmrKK bctnre it n m  w ed \<«u will be told 
when a fw - iH e  novo may oocut and v ou w iH be asked to decide and Man ii at what time the device wus mv\ mg 

W ^ s m  genth rock the pkfh>m  {oiw ^idartd lv ichuu ti to  see how t tnfuence- \o u i swav and a? what level 
vou can detect such sliding,

bi tii- se to t s  the platloun w ill move \ our whole body You will he wearing a blindfold that w itj k a i \ \  sour 
visioii and headptiories t<> ?ed wv -outside nois*» -o  th i t ' <*un' o onlv seccoc  motion inputs t «»m * ou« touch *<»i #.s\ 
w-tem o r balance svstem % < u wdf be wearing adhe-’n  e sn rk u v  m m  le acin n% s e n io r  o r  ? our logs \o u w il I  he 
U sfedon i ^scual m at that sits on to p  of thcpfatloim  lh  u n  il mea»ute* the p re^ u ie  undei each cart i f \*<w itn>t 

As part o f  out testing we want fr  find out how the vatw;u. pm iso t the K^dv react to  tm  platlos m movem ent 1 u 
4» this, we nne a tta in  mail te tie em e maikei d c^A fuseketeop lauw onvour skm igeneialK  netween In and 'o  
-pots* ly p in d  k \  itairistof placing ihew* market > an cm your ant !«*> shm knee hip diuulder and ht ad am *ng 
other * We tnen determine the location of the m a rk er ussng special canietn-. t mb the ben fm n o i the market ̂  u  
collected \ ou vannol be ide rld ied  In some i ases w c w ill ask a participant to allow us tu  * ideMape the testing and 
will ads these mJw iduais to si*n >m uddm unj] ‘ Permission to  ^ ideotape document 1 ou have the n tTh? ^ ie q u ’st 
that we do  not use the markers or v ideoupe % ou In  no wav w i!l such a  rdu* al impaci the rest o f  die tcfcUng
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tn nti“.t ..K'es m i *  a w  [i niKifuM w t'l be r t a u \ l  m a h.MKSi Ifo jiurpu.se i '  n o t t o ^fip o rt * »  tw  t#  U 
ta td n u n iu f K ta s lA e h  cat liv.it\ c u  i l a t  k M l Isii'ait the !oiiwv< is UiMunedso a*> not to nun  !<k to u w it ltu s i  
d u e  as to what tbe rdaUomi t& doing W ith s<«me <,4’ s uu, we will -we if  this u  true K  ivmparsiii ' our r  p ns t  i * 
ow  tests with, and Without the harness.-.

W h a t to  expect-

\ m  r bt si \ i , n w  ill im o lu  im iu l screening and vhni^al measures tel,it vU top* a uui\ M ihmP \  qu-stn  nnaire 
wiU* *sc"s know n pri bkm> oi neuseJogical orthopedic ami neurornuwul ar orimn ~S on will he evaluated k r  
scm 5?) and imnoi lunviu*n low* 1 Ismb >lr» ngth «in«i how k r  mu pm \ n  teu IttUru.* M s  vitll be jxrionntef 
me!* ding h a  are not lurMcd i» > the he* Mu~!oc test ami urn loot »,n i«%,i Ng  I he 4 te U v ill be pertnrw e j H  m  
experienced technician a  the ftnnwpal Im  eaigatni

You n ill h . ished to stand still upon  a pUtlotm u ith m a  steel MiptMsttucfurs, blindfolded, hfirdlxsted. and wear* 
mj> te d p h o n e v  tha i emit a  masking v ito*  muse tot up to  H  nnnuu  > at a time U yau  choose to allow  us via &
:»s,p sraie d iautnem  Hi \  id u iu p r  you mar k a  >\v ill bv pL sed  n  tch iJ K s n  a h  s a  m l  important jo in ts  on your limbs 
■md torso tu vaptufs. vour m m  ement t )n the v ids.u, 3 out im ige will not U- resogm zabk because die headphones 
mil M m dtoki» u iw e e  v u lM sw utevu iir nkntitv

hiesircHles’'A d ih e p h u e d o n s o u r '-h im s a n d u a h ^  to d a e e iv o t irm fu d e im p u k is  is von *vt<n upon he 
ptilM 'ftl I h e n  i*U 1 t r u k s  in* j* latml and d 'n o !  p rn r am  risk ol sh l h a  w d lb e  i l t r u d u  v V f ^ k m u lh  
doubk-sided adhesive tape.

Iw h  TC the in i ls h e g m  the p k tk  mt w ill ualibrnii itself to um r parti u h r  t.«tdinT h o  ifiem 'in d s d i  ' b n  
U dii g K  3:1ns. ru ik  1 o iih  xk rod turth I his rootwn m il  b>" vm pcoxptihk 11 * iu bu“ it 1 u I uv fllc  U« it
m \ ume p le ise ie t u* i.ntm und u e  vstll stop the tit ik  nntnedwteh l^om pu  g n cn  via audio in s tm c tv i^  H ouwh 
the headphones Hill gn Ui* \ m  th o u g h  is e n e s o i  ti 1 its diaing which vou a  tli be a4 ed b dele,m u e n h e tK ro t  n A 
so u  d en . ted 1 s'HHcmcnt in ihv platform In between tna is  \u u  will be upph* <i vs ih  1 he tu d  .flmk.it .tor sour k i t  
and a th a n  to  u>i ot\ We will wa.it until sou  are te ^ed  and reads u> e mtmue bU m e we pr n-eed.

\  our mitral screening and mnial testing on the plat.orm s ill taU  up to 4 lu  ur  ̂ ?u m n  be i 4 eu to p s rln ipa  e 
tn  one *■ tw o  more 4 houi ic* l se sson ,

(here will Iy  \yh,k\1 umo<! tm aig o t the s s im g u u ie  is part ol this research study. You c\ui end  the lesearcti 
sesoon at am  urre  if >ou te d  uncom tortahle tor am  icason

m s  l a .

fi j  ou gi) ihiitugh ill o i these pi „tl< >rm tests w e estimate thnt the com plelion ui this part w ill t ise  ,e s \ than lour 
hours W c rrm  stop tc  ting ii u u  k \o m e  <Ji/a or nauso tus \o u c an * * b 'p d icn * o a i m\ iinie that \ o a  wish 

y im o ttc m  ot the p k lierm  wifi be near \ik ir n. ium! w d v  change of pi si lion because u! ’his v<umuv rivl 
a lw a ssb c  abl to  le d  the dm i^e m we \lso  because the movemer i will be s<* there ss v erv lotlc thaiw e o f  
% iiUI ■Mbna.

t * » w  the tunes when the pb.ttomi is movw^s and while % w  ej cs ire d o  ,ed >u K tndi dded and vou are 
woa mg the headphones to n lo d  out ev en ia ! noises you may te e l , shgltt lo \» o  bai irke d i ??tness ur  nausea I ei 
us know anm ediatelv if that is t i e  case.

in most tdMJ*, u n i  will tw m a  harness d m u g  testing h  p tev tn t jo a l io n i  ialhng If \ c u  ase tu t  liarrH^wd dating 
?tU“ f « member ‘d  the lahoraf >r\ >taU w ilihe danJm g M n m f or beside sou  at ail tune* when vi. u ne H m dhdJed  
I k c a  ^be ss kirnted flv u  t / u o i r e u  vum joxutiun hcl« ic 1 potent d  id !  event can.occur

\dditk»r» dh  I n fins research paruc ip.inu w nl bo m o' ed to end fro K  the piallomt in an eiluri ucunde the r 
natural swav pattern^ I he movemout w til he designed w ith i for them n o n o  u v able tu sum* th i^m  v 1 nun* 
a rd  there ore the e h e a  on must panK ipant1- wtll he slight H uw ew i s u b  iuvkiru* m at produce a hiuhcr rtW a  % ou 
e*qHitene ng d \g am  k f us f-iuw if that*-»cuut« u u

th e  r t s h a ^ w u  horn out special uim etas <ue strv  small as the m 'n u n a u  dium tnated w itl) light tlu !  «s besund 
theeapaoiU  o i tiie o  <* to  see tra iled  mtrarod hghn

btrnc w eijsc  p o p c rh  isolated electric a! u n p h lten  there should be no n 4  o i \n o d  from oiur m ea^arefrcnl of 
tn u s tk  A in  Us Holltlhc m u * le  d eP u b  w nsor. and the u d e o  markers will he held to sour 4 n w ifh smnii pieces 
o f  doubk-sidcd  U ps cupenenve v m *  icdm  a fron  the kipc Ihi* is vomnion and the redne *• should
disappear wilhm a  few hours.
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Taking part in this study may not personally help you, but your participation may lead to knowledge that will 
help others. W e w ill review your own results with you before you leave, and significant overall finding* developed 
as a result o f  this study will be provided to you a t the conclusion o f  the study.

Obligations.

Participation is voluntary. Refusal to participate or deciding to discontinue participation a t any time will involve 
no penalty o r  loss of benefits to  w hich you are otherwise entitled

Confidentiality.

Information and research results w ill be used to further the field o f  posture and balance control and to benefit the 
evaluation and therapy prove' cv related to  posture and balance. Therefore the research results will possibly be used 
for scholarly papers, presentations, and future grant applications. Any information obtained during this study and 
identified with you as a  subject v. ill remain confidential and cannot be disclosed without you r w ritten permission. If 
results o f  this studs are reported ut medical jc urruls or at meetings, you will not be identified by name, by recogniz
able photograph o r b\ »m i ther meare, w ithoul your specific consent, In  all testing, you w l l  be identified only by a 
special unique n la iu h  mg code and not your nam e. The form linking your name to that code is kept in 3  locked file 
cabinet ISt signing this loim > ->u ire giving perm ission for us  to make your name, ID  code, and test results available 
to Clarkson t nncrutv * Institutional Review Board for H um an Research, i f  they w ish such mfam tation, again, 
under Conditions ol tortliduilia litt

Subjects' Rights.

I f  you have any questions concerning your rights as  a  subject or if  you wish to report an) miunes or 
mistreatment, please contact Dr. Leslie Russdc, Chair o f  the H uman Subjects Institutional Kct lew Hoard Clarkson 
University, 2u4 C larkson Hall, B ox58 ro ,P o t.'d am ,N Y  13699(315)268-5881) inru*>rk i/d jrk to is  cdti

informed Consent.

Please sign here to indicate you  received and understood a verba l and w ritten explanation o f  the procedures and 
objectives o f  this study, and had all questions answered to your satisfaction I certify that lam 18 years o f  age or 
older.

S igned________________________________ f t t i

S igned ________________________________ Date
W itness

Signed   ,Deie
Principal Investigator or app io ted  delegate
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Protect* ter “Sinusoidal Entrabuiietit stud? of Postural Control*

Initial C ontact Questionnaire 
Front Page

Nam e:  __ Date o f  Contact (mm/dd/vy)

How did subject team o f  gtwly? Piper \mtounusne«t Internet Word of Mouth

Subject informed of: \ge( ttteria:_____  Eselustoa Criteria:

‘wipt ol Research:  ___  Reason/Benefit of Research:

Time Required: ___  Financial Compensation: _

Is subject interested in partici) in  u t 1 Yes No

Has Subject ham  found to K  Vestibular)? Normal? Ye* No Unknown

Is subject able to get to She Markson lab? Yes No

Subject Contact via: Phone t>; _     E*Mail; _ _  __

A d d ress: _

Subject Availability - Scheduled Testing Date t a r a G d ' W ) _  _  _ Ttme(lih:tnin)

t m m d d w j ______________  Tirne(Mi;®Kt>

How has subject been given direeti t h b  Hume Internet Mail Pc ti

Subject's Date ofBtrth (mro yy)' Subject’s Gender: Male Female

Subject's Race; Ctweaswn Blad. Hispanic Native-American Middle Eastern Indian Asian 

Other;

Subject Code: _____ _  ..  ..................  _  _
Gender Age Age i  ‘on£»a r I  f  IC J iC2 IC3

The above information, and pros iileil medical history is tru e  to the best o f  my knowledge,

InvcstiiMtoi s ig n a tu re  ___________________ _____________  I)ate{tn jw dd .'yy): _______ __

Inmtigstfor Initials:
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Protect* for “Sinusoidal Etttrateiticnt atudy of Postural CaotraP

Date:

Initial Screen Questionnaire 
Medical History

Subject Code:
G e n d e r  A g e  A ge C o n ta c t #  

S u b jec t w e ig h t as  m easu red  by  th e  w e ig h in g  se 'tie ' 

D oes th e  su tg cc t h av e  an y  b is to rv  <it ( ( 'b e d ,  it  \  e s y  

C a rd iac  P ro b le m s’ T a d n  B ia d tc e rd ia :

I k  ait I tntg Disease; 

Other;

# IC I IC2 ICS

Cardiac Arrhythmias: 

Shortness o f  B w a tk

N cw oW ic Pioblums,: Stiohc FIA

i ’u  ipha al \ ’t n  e  Injiu \  ‘

Advanced Diabetes:

Hearing Loss Ear Infections: 

Mummy Concentration Deficits:

Muscle Tone Abnormalities:___

O th er;

Orthopaedic Problems: ,\rtlmtLs Joint Disease:

Lower Bach Pain Spasms’ _

Fractures; * Specify: __

O ther:____________        __

AktofcolUse week; None

Record ( atliiwied Items within last 12 hours: __ __

Medication, Drojj * «c Pain M edication; Depicssanfs,

Psy chuactis c either; ___

Heat! Injury: _

Spinal Injury: __ __

Vision L oss:_____

Low o f  B a lan ce '

Sensory Loss: 

Coordination Deficits;

Osteopoiosis 

S pinal S tenosis

3 Drink* 3-14 Drink* >14 Drink*

Aati-Depressants:

Ittvsstigritcir Initials;,
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I M a e d t  for “Sinusoidal En|paiiiiti«t study of Pastoral C « M r#

Initial Sensory-Motor Screen
D ate

Subject Code; __           ___ _
i  icnder Age A g e  C on  tact i  4 it IC l IC2 IC3

R efta t Testing (+ -  norma), =- abnorm al, ®= absent):

Patellar R e lte :  Right; Left; __

A d rilW  RctUx. Right L e fk _  _

Vision Testing ( + ~  norma), - ulmomial (1 -absent)

Read \ c «  sprml Read point font @ 20 feet;_____

I ses I Svgldsses ( mntiiete!_____

\  isu,il fields Right _  Left:    U p ;  ........... D ow n:.

Sharpened RomImm l> 1 cat Findings c“ =  norm al, - =  abnorm al, 0= absent):

Balance:_________  Recovery from Loss o f  Balance:

Time to Loss o f  Balance (seconds): _ ____________________

Precession Test: (Subject hops on one loot should remain facing forward)

Right F oot;___________ ___ _____________________

Left F oo l:______________________________________________

T actile / Somato-.Sensoi > Irs lsw ith  Stnviline

R ight
Base MetaTarsal 4 : ___ __ ___

Base Big foe: __________

Base XfctaTai sal 1.____ __________
(Big fo e)
Base lied :

Investigator Initiate:
3

\ l  i laments to Foot Sole (mm diam eter):

U R:
Base MetaTarsal 4: _____

Base Big Toe;

Base MetaTsrsai 1: 
(Big Toe)
Base Heel:
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:ft l i I ( ‘ SlBB»iiJalEr»tratnmi‘i«t*tadjt rfPw toralC #nlr«>F

Initial Therapeutic Screen.
.Dale:

Subject Cods;  .....           _ _  _  __ _____  _     _ _ ___
Gender Age Age Contact. # # if I c i  I.C2 IC3

Posture and Uaiaiue (- -  normal, - = abnormal, 0“ absent):

Sit to Sutid; Standing c\os ( lo s e d ;____  Ambulation;

Joint $tiflfb«^/Tone (+ -- iHjrni.il, -  abnormal, ft-2 absent):

Shoulder; Lllxm: Hip: Knee;

Ltmb / Body Segment Length (mm).

I t-naUi of f mu Right Left;

1 U or o f nkral Malkote: R-giit Left:

.1 k or to { ucra.1 Epuxmdylc of the Femur: K'tthl Left;

hkx<t LuReaerlruJuMer Rsfht Left.:

! k or k>t literal Vpect M Htnnctal Ifĉ d Right Left:

! Vam to 1 op id 3 ieud i 1 ou4 I iemhO Dotsul \spect:

I ni Hunenii FUad to 1 <<t F'pkoixMe 
oi she Hummm: Right' Left;

I M \  rpet t Elf uncial 1 lead to Tip Digit 111. Right Left

Invusttgawr Initials:
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Date:

¥ t« i« » k  for “Sln»s»MM Eirtraimnrtrt steely of Pmtaral CootroP

Time Sheet for Testing

SahjectCode;__________________ __
(fender Age Age Contact. § #

Jyubjeet nrnvnl:

i  n*! mtr xl tt?i r u l  ..uhju.t U piitiorm  Mid people:

At <n h\b mad u t  ^ \\ 

t o d  Informed consent:

Atart M edical uuto ionn ;« re i -  plto Aomherg and hop te s t) :.....

I rni M edici I [Ui. tjonnaire 

Mart h ^ h o s g  up electi odev 

foul hoU  m%‘ up e lec ti 'x io  

Mari I MO O o p  dime

I ml I Mel C t »P calibrate rvuurn

Mart )\;  Mnunvidtd practice _   ____„

to d  H / SmasOfdd pr.it.uce

Start JL Sinusojd.d ic to rdeu

I nd i (/ t-»wtuv k lil rccv >rdW 

Sftttt t o  v ti\usoMMl recorded

hnd Hz Sinusoidal recorded: ______________

Sten  and o tto r  ev ah w to n  (p ige 3 ) :________________

I nd sensor. an a  nihei w\ uluain n ____________

Mail t o  Mmr-oidsd recorded'

f nd 11/ Sinusoid*! reion led  ______________

Sinn to .aamisimb! recorded_______
to d  11/ Sinusoidal n cofdkd  ___________________

Start I ! /  Sjnu^oida’ L oth m re t orded;__________________

Hid. 1L Ssnu.kiJ.s! I cl. ninnnrdod

*’ 1.0 : \]nb: n isoon USES n un o IpOOO 41 .......

find te th ropom etrie  m easu res:,

Start Mira-menWtl c taluut.on  Ur**: ...........

find Mini-iH‘nt:iU’v.iau.Et!nei k’̂t ______ „_
Sun? dehntrf:

U iids pm vi ol?

F  icT IcT  15F

List O rder o f  Look-in:

Itw estigstsr Initials
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Start-Up Protocol 
Prior to Subject Arrival

On Entry to the Lab:
1. Check the following ON switches:
Lab Lights:____ Daytronic Signal Conditioners:____ Gould Signal Conditioners:____

SLIP Computer:____  Delsys EMG Box:____ Headphone Transmitter:_____Mixer:_____

Speakers:______  Doorbell:_______

2. Check Air Compressor:
Open Compressor and 2nd Tank Water Valves:  Close Compressor and 2nd Tank Water
Valves:____

Turn on Compressor, Check for Leaks and Dry air Conditioners:____

3. Check the following CONNECTIONS:
SLIP computer Serial A to A/B Box (Switch to SLIP):____

SLIP computer AT-MIO to Connector Box (Analog and Digital):____

SLIP computer Sound-Blaster to Mixer:____  SLIP computer to Laser Printer:____

Power to Accelerometer:_____Accelerometer X  to Gould #3:____

Accelerometer Y to Gould #6:___

Accelerometer Z to Gould #5:  Gould #3 Monitor Out to Connector Block:_____

Gould #5 Monitor Out to Connector Block:__ Gould #6 Monitor Out to Connector Block:___

AB, CD EMG Sensors and ground to Belt Box: Belt Box to EMG Box Channels 1, 2, 3,4:__

Radio Shack Doorbell Alarm to Connector Block: Radio Shack Doorbell Alarm to Mixer:___

White Noise Generator (Radio) to Mixer:____ Mixer to Headphone Transmitter:_____

4. Have on Hand the following fresh BATTERIES:
Radio Shack Doorbell Receiver (3-AA):_____ Radio Shack Doorbell Transmitter
(l-9volt):_____

5. Find the following “loose” ITEMS and place on Platform:
Radio Shack Doorbell Transmitter:____  Blindfold:____

Prepare Electrodes with One side of the adhesion pads:____

Form Completed by:______________________ Date/Time:________________________
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Start-Up Protocol 
Prior to Subject Arrival
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Test Equipment by:

1. Turn on Air to Platform and turn on DMM-2100:
Air pressure @ platform >70psi:_____ DMM-2100 w/o reset light:____ Platform_floats:___

2. Open Continuous Acquire Buffered Chart.VI (ExamplesVAnaloginY) Read 
Channels:
Charnels 0:3, CoP:____  Each channel lesser voltage as weight over each vertical force sensor
increases.

Channels 4 and 5, Position of Platform:____ Voltage increases as platform moves toward
bookshelf. Acceleration:____ Voltage is initially positive with towards the door
movement.

Channels: 8:11, EMG:____ Open EMGtestVI, check each channel against Biceps.

Channels: 12,13,14,15, Head Accel: Voltage = +/- 5V with gravity., Doorbell switch:
 “rings” and gives approximately 4 volts spike.

3. Turn on Headset and Open Get_Sound.VI
Headphones / Mixer:____

In headphones able to hear continuous “white noise”, overlaid by wave file (*.wav), and/or 
doorbell:____

4. Turn off: EMG box, Headphones, and Doorbell receiver.

5. Open “5 RANDOMS. VI” to determine the order of testing

 1_1 mm Forward Smooth:_________
 1 2 mm Forward Smooth:_________
 1 4 mm Forward Smooth:_________
 1 8 mm Forward Smooth:_________
 1_16 mm Forward Smooth:_________

6. Run VDA Initialize and Home.VI

7. Open the Following V i’s.

*5Jog.VI*, *FC Learning7f.VI, *EMG_CoP Calibrate.VI*, ^Reaction VDA5.VI* 
Forced Choice VDA 7f.VI, and *Latencies VDA7f.vi

Form Completed by :____________________Date/Time:_________________________
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Testing Protocol 
When Subject Arrives

Subject Code: ____         Date:______________
Gender Age Age Alpha Alpha

1. Introduce Investigator:____

2 .  Show Platform and run “5 jog. VI” which shows length of jogs and approximate speed 
(25mm/s2):____

“This is the test platform that you will be standing on. It will be making very small moves (run 
VI) and you will have to determine when the move occurred.” But before you step on the 
platform I need you to read and sign the informed consent document and take some clinical 
measurements.”

3. Give subjects IRB approved consent form. Subjects must initial and sign form as appropriate:

4. Determine and record Subject “ID” and have them fill out Medical History form if not already 
completed:____

5. Give the mini-mental evaluation form from Linda Ferguson (OT).

6. Based on the schedule take the subject over for Nerve conduction study at Dept, of Neurology ( 
for elderly subjects only) or perform the perturbation study in RNL.

7. Have subject remove shoes and socks, and Perform Clinical assessment according to form/ 
protocol:____

8. Perform Therapeutic/Anthropometrical measures:____

9. Turn on Doorbell receiver, have them test transmitter, explain forced choice protocol:____
“With this doorbell transmitter, you will be able to tell me when you feel the platform move.” 
“For (this) (the first test), you will be asked to step on the platform, place the headphones over 
your ears, and cover your eyes with the blindfold. From your headphones you will be hearing a 
constant ‘masking white noise’, and four verbal cues: ‘Ready’, ‘One’, ‘Two’, and ‘Decide’. Each 
will be two seconds apart. If you think that the platform moved between the words ‘One’ and 
‘Two’, press the button once; if between the words ‘Two’ and ‘Decide’, press the button twice.
All decisions should be made as quickly as possible, but no later than two seconds after the word 
‘Decide’. Go ahead and try the button with your left hand to make sure you are comfortable with 
it. It may take several pushes to get the second doorbell chime.”

1 0 .  Place EMG sensors on bilateral Tib. Anterior and Solius muscles, y4=R. TA, 5=R S., C=L.
TA,D=L. S.:____

“I will be collecting EMG data to determine how your muscles react to the slight movements the 
platform will be making, to help me determine if this is part of what helps YOU to decide if the 

platform has moved. After I’m done placing these sensors, I’ll ask you to do some movements to
help me calibrate them.”
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Testing Protocol 
When Subject Arrives

Subject Code: ____         Date:______________
Gender Age Age Alpha Alpha

11. Run “EMGCoP Calibrate.VI” and cue subject to movements:_____
Wait for platform calibration, “Step up onto the platform and stand with even weight on both 
your feet.” Record 20 seconds static eyes open. “Now stand on your toes.” Record toes. “Now 
on your heels.” Record heels. “OK, relax on both feet again” Record static. “You can now step 
off the platform, watch that you don’t tangle the EMG lines.”

12. Run FC Learning.VI for 10 trials at appropriate displacement (guaranteed detect) under FC 
protocol.____
First 4 trials with eyes open for subject psychological safety, last 6 trials under eyes closed 
condition for learning under testing conditions. This VI can be repeated up to 3 times for learning 
purposes.
“I’d like you to try to feel the platform move a few times. After you decide when the platform 
moved, you will hear a response ‘one’ or ‘two’ stating when the platform actually moved. Do the 
first 4 trials with your eyes open, then close your eyes.”

13. Explain forced choice protocol again and run “Forced Choice VDA.VI” for 1 condition: Note: 
First 20 seconds of test ask subject to stand still. ____

14. Allow subject 5-minute rests while checking summary file(s) for lowest detected acceleration, 
for the forced choice tests, write these thresholds below:

 1 mm Forward Smooth:_________
 2 mm Forward Smooth:_________
 4 mm Forward Smooth:_________
 8 mm Forward Smooth:_________

16 mm Forward Smooth:

15.Explain “Latency” test protocols:____
“For these last sets of tests, I’ve chosen an acceleration level that you have previously detected. 
So while you’re standing on the platform with the headphones and blindfold on, I want you to 
press the detect button as soon as you feel the platform move. However, to make sure you’re not 
pressing the button at random, I’m going to have a few trials when after the word “Ready”, there 
will be no movement.”

17. Repeat steps 12-15 for other two displacements, then have subject rest 10-15 minutes.

18. Explain all portions of “Reaction time” tests, then repeat prior to testing each portion. Open 
“Reaction.VI” and run as stated, then allow 5-10 minute rest.
“To test your overall reaction time, I’m going to run 3 sets of tests. For the first test, I’m going to 
have you step on the platform, wear the headphones and blindfold. After the word “Ready”, the 
platform will move within three seconds. I(‘ll) want you to press the door bell button as soon as 
you feel the platform move.”

Run platform portion of test.
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Testing Protocol 
When Subject Arrives

Subject Code: ____  ____  ____  ____  ____  Date:______________
Gender Age Age Alpha Alpha

18 continued:
Have subject sit in chair. “For the second reaction time test, I (‘11) want you press the door bell 
button as soon as you feel me touch you on your big toe with this force sensor.” (Five trials)

Rim toe-touch with press detect reaction portion of test.

“Finally, for the third reaction time test, Fll want you to press the force sensor as fast as you can, 
after you hear the doorbell.” (Five trials)

Run sound with press detect reaction portion of test.

19. De-brief subjects:____

20. Reschedule subjects for additional test time if needed:____

Day/Date:______________________________________
Time:_______________

Alternate Day/Date:_____________________________________
Time:_______________

21. Have Subject fill out payment slip to be kept as a receipt:____
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To: Overton Brooks VA Medical Center
510 East Stoner Avenue, Shreveport, LA 71101.
Phone: (318) 424-6080, Fax: (318) 429-5733.
Attn.: Ms. Linda Ritmo - Executive Director.

Re: Subject Reimbursement Date:________________________

Please reimburse (subject)_____________________________________ , (Soc. Sec. # )___________________________

For the amount of:____________________________dollars, for participation in the research protocol titled “Postural
Control in Diabetes, Peripheral Neuropathy, and Aging”, Charles J. Robinson, principal investigator. 
Rehabilitative Neuroscience Lab, Overton Brooks VA Medical Center, LA. (318) 424-6080.

The mailing address is as follows: (street, number and apartment):_______________________________________

(City, State and Zip): ________________________________________

(Subject Signature):________________________________ (Investigator Signature):____________________

D ate :_______________________________________

Within the next three weeks you should be receiving a  check from the Overton Brooks VAMC. I f  you do not receive a check, please 

notify Charles J. Robinson or Samantha Richerson, at: (318) 424-6080, or E-mail at: sricherson@ieee.org. Please leave your 
name and method(s) by which you can be contacted.

To: Overton Brooks VA Medical Center
510 East Stoner Avenue, Shreveport, LA 71101.
Phone: (318) 424-6080, Fax: (318) 429-5733.
Attn.: Ms. Linda Ritmo - Executive Director.

Re: Subject Reimbursement Date:_________________________

Please reimburse (subject) , (Soc. Sec. # )___________________________

For the amount of:____________________________dollars, for participation in the research protocol titled Postural
Control in Diabetes, Peripheral Neuropathy, and Aging”, Charles J. Robinson, principal investigator. 
Rehabilitative Neuroscience Lab, overton Brooks VA Medical Center, LA. (318) 424-6080.

The mailing address is as follows: (street, number and apartment):_______________________________________

(City, State and Zip):___________________________________________

(Subject Signature):________________________________(Investigator Signature):___________________________

D ate:_______________________________________

Within the next three weeks you should be receiving a check from the Overton Brooks VAMC. If  you do not receive a check, please 

notify Charles J. Robinson or Samantha Richerson, at: ( 3 1 8 )  4 2 4 - 6 0 8 0 ,  or E-mail at: sricherson@ieee.org. Please leave your 
name and method(s) by which you can be contacted.
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Prstom t*  fa r ‘ H m o i M  Eirt:r»i.m»*nl Study af.Pusia.rai C aa tro P

Start-Up Protocol. 
Prior to Subject Arrival

On Entry to the Lab;

Check the fo lb u  mg * *K , a uU ic^
a. Lab.Lig.hts
b. \V<Hl i
a. Peak Svnc Box
d SI I P f omptuet *L \bm u> i
e. D chvs PM  G P o x
t 1 kshlphonr 1 ran amUer t • *nplug t 'barging cord* turn tm pow er switch, adjust volume)
8 R ^hosH iA  ^ S V  ISsfCG ixrr
h. \\  ireL-.s Room S|X‘ iku A  A

Si Peak f\>mp«u*r &  ̂hm sur

L M agma K .I  Hu P x ter Am

2. Check A ir Compressor:
a. I u m * 'n  < \ m p i ^ v a  fiUX*u\>w Lquipm ent Ko< \r C b e A  )'< r  1 tales
b. U p eu  I »h Suppb \tr V a h c  S u j^ iy  t o r j r ie  brtw een v s  115 pm
c» _  U penPiailorm  \ i r \  uve PUUorm Pressure 7o psi, \ h  How Zscfm

3- H&ve on HmvLIu tolkmmg K  ■h I
a. __ \ t s i i k h  »l u u  n IrdnM m lkn  ! \u !tt

4. Find the follow mg loo'-e I \ f and pi kv on FLuRrm;
a. _ _  V tw ntc I wo built n  1 ran mifter
k   ..... B M o U
< s .  P rq  art 1 tu  ro d  tv vuih One \n k  c 5 the u\hesum pads (4)
d ,  i  P a g a n  O n itnd R ck rc n c e )} kaCmtc

Test Equipment by;

! Turn on Pm ei PM AC PMM-’-UW
h Supply Pressure in i  v d e  bctw ccn KP 1 f > jvh
b Platfotra Pjeanuri, ?o gsi, Air Flow 2svfm
c Manually Verity Hatton r i is 1 ba ling
d Hpcrgf v  DMM-2U04
v Pi Kc-nvi if Red Reset. indse.stor diuminated

2. R un Cent Jrnph \  oltage
u f’hrok eavhsignal u* emutc fr-jjpc- response 
b Also rechetk  HMGs a ttu  connected tosubject

Sub pci Code:     _      _       ...
Gender Age ' Age' ' O nto* ' U # * 101 IC2 ICS

D ate :. Page I Investigatorin itiah :
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Protocols lor ‘Mmismdu! I lOrvsiniocn! Study of Postftinsl Control”

i hi%m\
I o*td ("oil 1 
j u u d ^ c i i :

? L u n d  Cell „■)
ruja'CdDT"......

I la n d  h e n  a  r 
* \Lm! '•wd i c!H 

j Position 
S h e a r  f o r c e  
»M<40» Cu'tont;
FI.iil uim k td u o m e n u

1 tc  id X  tn  s 
A < c e le ro n tv ie K 
!Lmc1 V I 4N 
VoeU ?om ctu' 

iP a d  /  jXv X ccckrnm etu 
IMG R ig h t l_ \_______

jmguui \ "
i IM G  le f t  O S 

I M G R t g i i l N 'M  
I MG U P  STM 
fc\JG  k*ght kuleu->
J MG I * H Xuluis

| KtsiUfKC
Signal should dec tvase v* ith bur! 
> igna! should decrease % nh h*<ui 
Signal diould decrease w iihhktd 

. M and  ,hi uld d a *  case w ith htnU

M cnemeut ic a )  wall sh, u l i  m a e e e  Mgna! i
I orcc tow ard»v u llo n  pb tta rm  should decrease 1
signal J
'Sign b should In. ieuke .iccH ertuon tow m is the u dl j
G* c ireful no u M tsk d g e  w nod^

. should increase with rniAentcrsi m \  dtre*ts n

s 'should more is t w ith ro* «\ em eni in V direction

( Should moron->e w ith  movement tn /  dir&cTiun 
1 H uM  lA.irode_s_wtth Ihurnh t s oh sen. e igrul respnn c 
I R u b h te tb u d esv u ih  ihumh u> eh ^ rv e  ugmil response^ 

5 ihumh to ol’sen »* ‘•jurml respon e 
k u b b k c u s d e s v u th  thum b to t  K en *  ugn.d n  p< i.e  
Hub H ectrode* w ah *humh to ohsen e oun.il n  p  <n < j  
hub  P leurocks w if rh u m h  t o o ^ n e  ugru1 
Rub H eU rudcs with thum blo  o o s m c  signal respyosej 
h ub  Lkw irules with thum b to obwrvc sign il Fosj’ssost \

3. Open "<ici__Soiiiid2.v*"
o in headphone^ able to hear continuous “w hite noissT, overlaid by w ave file <*wav),

aodo*- d<K>rholi ^idjUot m iv i  channel levels I, 2<&3 as necessary)
4  iM d h k  Screen ers
5. Run iel*scan d o lm a ie d -sca n )

4 H \o u  don 't n m h d o ie  Lahview might m t  work
6.    .Rem .Real VHV

<i ] ogm to  Feak Computer 
h Ifis ih le '-cpvnssver
0 , _  Stirt *V ti- Roitware
d  _  t l t d  options

i set huhiect nam e and tr ia l
si. ___ ac lsub iec llo lde r 

in. set time to  17 sees.
™ Galibrate \  tcon-peah

t  open new trial 
n template

hi Remove buck right ictleetui from Wkscan 
]\ Place ca liN abcn tik in d e  and pioperly align
\ c lick  i 'abbration capluje and clear data
vi Record secs o f cahhratton data

f, ‘ 'hek Iw ds select jmotocol then import 2AFC
i ( 'hek next Mn um cs

g. Click Tools goto Batch Protocol
i Select clear tnaK

Suhject ( \x le :            _____ _____ ________
G ender Age Age t'ontnct {i ii M 1C1 IC1 I O

Date:- _  Page % Investigator Initials:.
■w 5 wSMOiv: ssra
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Pr»tec»b far “Siausttld#! KntraiaM m l St urfy of Bntural Control”

3
1, i
s.

a

e
f

j

Subject < Vde;

B ut:

n M c u  \ i l  n t 'M a ls  
i i  S< 'iu ti*> etU im J2A FC
ft S ik x t 5 \e t  utn 

* R m o u  C ihhntson In,ingle 
k**j la , ^ b  u A  r ig h t  f d k v a ' r  

. I-W e ill statse m fiaU  i .
*|nR2ti
l>rtict_S(m_vtAl

l,rtt« sttw innt® !,
< f<™

\te i *n,a<f"o i f>t U*v.ubokkr 
1 G oto U n io n s

i I u tq i station param eter
i( I tw h i‘ ti jggei

1 i ‘lick Uiggermg and m *ua both set h  external
2 C b J  OK act F j istict to Retort! u>
“t Hd pen*«J  to u i M
4 brequenov should be 2 s II? tfrm ve* *
^ Lfvrarc external f>'Xi sync <*; Ci A ll

 Goto f^ptiuns m b  1
i tfciiWiatqufttiitjR p } m iners

u Frwh'c \S R
i d a k
2, Click: Browse

a G m o e  tla ti‘1 u h e c ij f subject j [tn 4 | FeU ean\
h \*«Kf shniikl he ionnaTf* d is tallow b u
c„ [S ubicaJ ( t o l l  [Group] b \
d ! f \o u d w m n h a \e tn e  underscore; on the end program w ill crash
e set number id  M u\ te \ *n 1 Sn
t. Set. staftm g M ovie nuraher to  I

G o .a T o o h  m !<-asm 
i  Select Calibrate

1 I Xs Iht% before 11 tmeys and 1 MUs
2 kntet Sublets rasifts rito lx>\
3 irave subject ‘ tep o«B  pUtfUm
4. C lick start to calibrate..
^ Save to same folder as above w ith  same name convention, 

t. Cirak the Record Button an J>scan 
Allow  calibration 
ftrriojm  KMG t °uP  Calibrate 
Reifonu 6» t Sec qu i-l S end ing  

i.. For khreshoki trial 
it, Perlorai SIAM  

1 or Sine Feel sr trial
i ? 'h.inge i«n»' to 12 A ces

G ender Age A p  Contact *  # # I d  1C2 I.C3

. . . ^ . . . ^ P a g v   ̂ fnvestjg* t i? I n ln ls
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Pr#tet«i»ft*r “StaiSfiSdal Eutndnaititi Study of Postural Central”

Testing Protocol 
When Subject Arrives

1 ,  Introduce Investigator.

2.   , ShowPtetfami andrun “5 J«g2.vT which shows lengsii of jogs and approximate speed (25mm's2).

“Tliis Is the test platform that von will be standing on. It will be making veiy small moves 
(ran  VI! and you will have to determine w hen the move occam d ." But before yoa step on 
the platform I need you to read and sign the informed consent .document stncl take some 
clinical measurements.”

3. ____ t 's s e  a th te c h lh H  ^ v o v c d d t t t s c r t  ham  Subjects nrast irntial a r J  .sgti inrra as appropriate.

4  .  I v w im u *  sn d feo jit!  .vu l< |fd 'I!T  and h o c  (hem fill out Medical II m  a '

5. __  A dminister the nuiii-mental e \ ilu.itiou wuim BERG, and RAND.

4  _  lisKe subject rem.ivc d ines and w c K a n d  1 crfetrn Clinical sissm raertl according »  form /pro toco l

7.     Perform Tefcsom t ‘.iltbraitvin

8 , _____ Tam  o n  Doorbell te reiver have them test transm itter, explain forced choice protocol:.

“With this doorbell transmitter, you will be able to indicate if you Mt the platform move.”

“ For this test, you w ill he asked to step on the platform , place the headphones over your 
ears, ami en ter  your eyes w ith the blindfold.”

"From your headphones > ou w ill be hearing a constant ‘masking white noise’, and two 
verbal rues: ’Ready' am i ’Decide'. Each will be test seconds apart”.

"If you think that the platform  m oved between the w ords ‘Ready' and ’Decide', press the 
button once, hot do not press the button if  you did nut feel the plulforni move"

“ All decisions should he m ade no later than two seconds after the word ’Decide’, G o ahead 
and try the button to make sure you are com fortable w ith it.

9.  ̂ Have subject pur on Harness if  required
HI. Place l-’MG scnsois bilaterally on the 1 its Anterior. GaB£<xnemii& Sulcus and

sternocleidom astoid muscles:
0 Wtfie both the [;M 1 i-lecftodes. and the sthn with \leohn l VI ipes before apt is . m e r
b I M< i B "< should be placed on hack Harness straps if toed  or center e t  b ick t  h rr .-u  onto shotts
1 I \  1AKJ* ishouki vs jap urouml bods and then fucked inside the tuinc •> and r< r  u> $ w  front

of the k g s
d  u S  kind SOM are rundow n and up direetjv from the box 
4, Ail e *Uu length nHouIJ be twistf 1 led at the box behind the subject

Subject ( A L1’ r;_ ____ ........... .......  ..........  _____
Gender A$e Age Contact $ § §■ I.C1 IC2 1.(3

Date;    Page 4 Investigates! Initials:
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Pro taeob  for E rtm taM ftrt Stuffy of Postural Control”

‘T »H1 be cullcrting KM<; (I;itii tn drtermiiH- how voiir m u siies  rourt tn  the slight 
nuncm eitfs thr platform  will be m aking, to In-Ip m e clctennlnc i f  this is  part o f what helps  
VIM' to deride If thr platform  has m ined. A fter I’m done placing these sensors. I’ll ask 
you to  do som e m ovem ents to help m e ealibrute them .”

W a itfv i p U fw m  sdil>rati> n. «hen pet team vnscriwn cem m jnds fio.it for EMG CO P Calibration, H ookup  
.Harness.

“You can now step off the platform, watch that you. don't 'tangle the EMG lines,5’

1 1, kvniiun Learning MAM wm protocol

' IM like you n> try to feel thr platfum) inosr u lew times. You will hear n “ Ready” and "Decide.” Alter, 
decide press the button if you felt the platform mos e, hot do not press the button it you do not feet the 
pi.if Sun; more, Please keep hands id your sides during the trial. Also, rieasr do not pick your feet up and 
move them during tost hut you can re adjust your weight on them for comfort.”

First 4 trials with eves open for w b |« t p -yehoiogteal ftunilhrisatum, list f> trials under eyes dosed csstditton for 
teaming unde tiding conditions

*f1 /t‘\ t u f  i i i i t f i t u l o u  u 'tm m t'm .) Ih i t  I l i t i a h  n p - a h d u p  to 3 limes for kam ingpurposes .
**’ <111 i'K ! Vd. «7 OKF f H11 IhST***

12. _ _  E x p la in  b l AM p ro to co l again  a n d  c m t t ru e  « ith East fo r  I condition:

Note: F ir s t4 0  seconds o f te st a s k  subjec t to  s ta n d  still. T h en  10 secs fo r each  tr ia l

13, \tlov siibiiV ' minute rests tvlnie checking sianmarv tile< s) tor low CM detected acceleration, for
ih, tniiidcheiie tests wrae these thiesholds Helow

Movement Am plitude lhteshold Order
0.75 Hz mm _

ii SH/ ___mat_________
_ _ _  Hz ___mu

Hit atm

14 . ______ D e-brief sub jec t

15.  _____ Reschedule subjects for additional teat time if  needed.

D ay /D sts :_________________________________  A lternate D aM D ste

Time; Time:

16. _ hudHc Pomputos Scaxmm <rs < Itwk anti SLIP computer
17, : h ose  L ahm ew
IS. t 'io-.e Peak ;','iiv..src and kealY NC
W ! « a n t > \ r A l u i m '

a  t M e to iV hy A nd t Me to  is: ki pt in I.ah
Subject Code: __________________ ____________ _

G en tk t \g e  Age Contact « #  '  ' #  ' 1C1 1C2 IC3

Date; _ _ _ _ _ _ _  f t « e  S Investigator Initials:........
■Prt? Isi'S&'S&iiS SSgj®
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Subjects Needed
134

Investigators:

Charles Robinson, DSc, PE, Anne Hollister, MD, and Samantha Richerson, B.S.

Overton Brooks VA Medical Center, Shreveport, LA and 
Louisiana Tech University, Ruston, LA.

ADULTS AGED 50-80, WITH OR

WITHOUT DIABETES, ARE BEING

RECRUITED FOR A STUDY IN HUMAN

MOVEMENT DETECTION

We are looking for individuals who are healthy or who have diabetes. All subjects must 
not have a history of acute heart or lung problems, back spasms, pain or other spinal 
problems, central neurological deficits, stroke or head trauma, or other problems that 
might preclude a person from standing blindfolded for 10 to 15 minute increments over a 
two-hour period. A neurological screening will be performed, and a psychological test 
also administered. Individual research results will be retained by the researchers and are 
not made part of the subject’s clinical record.

Maximum time commitment: 4 hours (Usually 3-4 hours.)

Location: Overton Brooks VAMC, Shreveport,LA.

Compensation: $25 each session (up to 4 hours)

If you are interested in participating, or for further information,
Contact: Samantha Richerson
Or Charles Robinson, DSc., PE
Phone: (318) 424—6080 or Email: sricherson@ieee.org
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ClarksonHHHHH
CENTER FOR REHABILITATION 

ENGINEERING. SCIENCE & TECHNOLOGY 
INVITES INDIVIDUALS FROM AGES 18 TO 

75 YEARS OLD, TO PARTICIPATE IN A 
STUDY OF HUMAN BALANCE

This study will generally require a  minimum of 4 hours to 
com p lete . Participants m ay b e  asked to c o m p le te  1 to 
3 sets of these  4-hour protocols, generally on different 
days.

A minimum am ount of physical effort will b e  required 
for this study, as participants will b e  standing in p la c e  
and answering questions. We are unable at this time to 
offer any com pensation  to participants.

FOR DETAILED INFORMATION PLEASE CONTACT POLLY TIERNAN 
3 1 5 .2 6 8 .6 5 2 8  M ONDAY THRU FRIDAY 8-4:30

We must exclude you from this study if you have a current or past history of severe heart, circulation or 
breathing prob-lems; chronic lower back spasms or pain; deformities of the spine, bones or joints (such as 
abnormal spinal curvature, arthritic changes); brain strokes, spinal cord injury or other damage to the nervous 
system; history or presence of foot ulcers; current drug or alcohol dependence; or repeated falls; or if you are 
taking prescription medication that causes or prevents dizziness.

Clarkson IRB A p p r o v a l  #  06 -2 4

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



APPENDIX H 

MINI-MENTAL STATE EXAM

137

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



Mini-Mental S ta te  Examination (MMS.E)

Subject:   .v.„„v,_ Dam:

Activity

ORIENTATION -  o n e  poin t for each  an sw er

, 4 s # '’ W hat is th e :  (y ea rK se a so n jC d a te ^ d a y X m o n th )? ’ 4̂ ,'"VVhefe are we; (siMe){county)(tmvnKhospitat){fktor)?*

REGISTRATION -  sc o re  1,2 ,3  p o in ts  according to  how  tin an y  a re
re p e a te d

N a / r m  t h r e e  s h e e t s ;  Give the paisent o n e  second to say each.
A s k  th e  p a tie n t  #s>: r e p e a t  all three a fte r  you hey# said  th em .
R ep ea t th em  until th e  p a tie n t  tea m s aii th re e .

ATTENTION AND CALCULATION -  one po in t fo r  each  co rrec t 
subtraction
A s k  th e  p a tie n t  to :  beg in  fro m  100  en d  c o u n t b ack w ard s  by 7. 
S to p  a f te r  S  a n sw e rs . (§ 3 , m ( ? $ , 7 1 ,  a s )

RECALL “  o n e  p o in t fo r  each  c o rre c t a n sw er

A sk  th e  p a t ie n t  to :  n a m e  She three o b jec ts  from  ab o v e .

LANGUAGE

A sk  th e  p a tie n t  tx?' identify  an d  n a m e  a  pencM a n d  a  watch. Q  p o in ts)
A s k  th e  p a t ie n t  to :  r e p e a t  th e  p h ra s e  T in  sfs, a n d s , o r  foots/' {1  point)
A sk  th e  p a tie n t  to :  "Take a p ap e r in your rig h t han d , fold It m ha:f, a n d  p u t  i t  on 
th e  f lo o r* U  p o in t for e a ch  ta s k  compfeited properly) (U se 2 " ! Page)
A sk  th e  p a tie n t  m /  r ea d  a n d  obey  d ie  following: ’’’C lose y o u r e y e s .” (1 point)
Ask th e  p a tie n t  to :  w rite a  se n te n c e . ( I  po in t)
4ste th e  p a t ie n t  to :  copy a  com plex  d iag ram  o f  tw o interlocking p e n ta g o n s . {% 
point)

TOTAL) O ti te f  30

Seer®'
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CLOSE YOUR EYES
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BERG
BALANCE
SCALE

Patient Name; 
Rater Name: 

Date:

B alance  Item________________________________________ S core  (fiM)

1. Sitting unsupported

2, Change of position: sitting to standing

3. Change of position" standing to sitting

4, Transfers

5. Standing unsupported .......
6. Standing with eyes closed

7. Standing with feet together

S. Tandem standing

9, Standing on one kg

10. Turning trunk (feet fixed)

11. Retrieving objec ts from floor

12. Turning 360 degrees

13. Stool stepping

14. Reaching forward white standing

TOTAL (0-56):

Interpretation

0-20, wheelchair bound 
21-40, walking with assistance 
41 -J6 , independent

R eferences

B etg K, Wood-Datiphinw S. Williams JL Maks, B: M easuring balance in the elderly: Validation o f  an  instrum ent 
Can, X Pub, Health, July/August supplement 2:574.1,1992,

Betg K, W ood-D m phinee S, Williams JI, G ayton D : M easuring balance its the elderly: Prelim inary development o f  
art instrument.
Physiotherapy Canada, 41:304 -3 l! , 19® .

P r o v i d e d  b y  t h e  I n t e r n e t  S t r o k e  C e n t e r  — w w w . s t r Q k e e e n t e r . o r g .
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Medical Outcomes Study: 36-Item Short Form Survey Instrum ent 

RAM ) 36-Item Health Survey 1.0 Questionnaire Items

S u b j e c t ;

1. In general, would you >
say s

your health ts: s  D a t e :

Excellent 1

Very good i 2 t

Good t3

Fair 4 J

Poor s  5 t

2. Compared to  on e year ago,
how would your rate your health in general
now? i

Much better now than one year ago 1

Somewhat better now than one year ago 2

About the same 3

Somewhat worse now than one year ago : 4

Much worse now than one year ago : 5
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The following items are about activities you might do during a typical day. Does your health  now limit 
you i s  these activities? I f  so, how much?

(Circle One Num ber on Each Line)

| Yes, I Yes, No, Not
Limited a [ Limited a | limited at
Lot | Little Al,

3. Vigorous activities, such as 
running, lifting heavy objects, 
participating in strenuous sports

[1]
I j 121

[3]

4. Moderate activities, such as moving 
a table, pushing a vacuum cleaner, 
bowling, or playing golf

[1] [2]

:

[3]

S, Lifting or carrying groceries [1] [2] 13]

6. Climbing several flights of stairs [1] [2] [3]

7, Climbing on e flight of stairs [1] [2] [3]

8. Bending, kneeling, or stooping [1] i [2] [3]

9. Walking m ore than a m ile [1] j  [2] [3]

10. Walking several blocks [1] | [2] [3]

11. Walking on e block [1] [2] [3]

12. Bathing or dressing yourself [1] 1 121 [3]
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During the past 4  w eeks, have you had any of the following problems with your 
work or other regular daily activities a s  a result o f your physical health?

(Circle One Number on Each Line)

| Yes No

13. Cut down the amount of time you spent on work or other activities I 1 2

14. Accomplished le ss  than you would like 1 1\
2

15. Were limited in the kind of work or other activities ! 1 2

16. Had difficulty performing the work or other activities (for 
example, it took extra effort)

I i

_ L ^

2

During the past 4  w eeks, have you had any of the following problems with your 
work or other regular daily activities a s  a result o f any em otional problem s 
(such as feeling depressed or anxious)?

(Circle One Number on Each Line)

s Yes No

17. Cut down the am ount o f  tim e you spent on work or other ; 1 i 2
activities

IS. Accomplished le ss  than you would like j 1 ; 2

19. Didn't do work or other activities as carefully as usual | 1 2
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20. During the past 4  w eeks, to what extent has your physical health or emotional 
problems interfered with your normal social activities with family, friends, 
neighbors, or groups?

(Circle One Number)

Not at all 1 

Slightly 2

Moderately 3 

Quite a bit 4 

Extremely 5

21. How much bodily pain have you had during the p ast 4  weeks?

(Circle One Number)

None 1 

Very mild 2 

Mild 3 

Moderate 4 

Severe 5 

Very severe 6

22. During the past 4  w eeks, how much did pain interfere with your normal work 
(including both work outside the home and housework)?

( Circle One Number)

Not at ail 1

A little bit 2 

Moderately 3 

Quite a bit 4 

Extremely S
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These questions are about how you feel and how things have been with you during 
th e past 4  w eek s. For each question, please give the one answer that comes 
closest to the way you have been feeling.

How much of the time during the past 4  w eek s . .  .

(Circle One Number on Each Line)

All of
the

Time

Most 
of the 
Time

A Good
Bit of 
the 

Time

Some
of the 
Time

A Little 
of the 
Time

None 
of the 
Time

23. Did you feel full of 
pep?

i 2 3 4 5 6

.................
24. Have you been a 
very nervous person?

1 2 3 4 5 6

25. Have you felt so 
down in the dumps 
that nothing could 
cheer you up?

1 2 3 4 5 6

26. Have you felt 
calm and peaceful?

1 2 3 4 5 6

27. Did you have a lot 
of energy?

1 2 3 4 5 6

28. Have you felt 
downhearted and 
blue?

1 2 3 4 5 6

29. Did you feel worn 
out?

l 2 3 4 5 6

30. Have you been a 
happy person?

i 2 3 4 5 6

: l  D d you feel tired? l 2 3 4 5 6
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32. During the past 4  w eeks, how much of the time has your physical health or 
em otional problem s interfered with your social activities (like visiting with 
friends, relatives, etc.)?

(Circle One Number)

Aii of the time 1 

Most of the time 2 

Some of the time 3 

A little of the time 4 

None of the time 5

How TRUE or FALSE is each of the following statements for you. 

(Circle One Number on Each Line)

’ TX:fimU.h 
True

Mostly
True

Don't
Know

Mostly
False

........ ... ..................1
Definitely j

False I|

3 3 .1 seem to get sick 
a little easier than 
other people

j 1 2 3 4
i

5

3 4 .1 am as healthy as 
anybody I know

1 1
!

2 3 4
5  1

35. I expect my health 
to get worse

1 2 i 4 5 |

36. My health is 
excellent I 1 2 3 4 5
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Patient Q ju ttiaaaflin

A  i »« ,  is > \ / ,  iten.i I tuth  t <) tt,1, n% i id  t ,L p  *!< /, h!  t  tJ> st w / f i i 'm , '  a < > r, u  „< o , i i  f t  i
VMiUt, r ,  i , ih ,L ,i t i  t  h i nr p  A/, in ,u  t v w  r m  t> ■ I nh ,n  l 's I > 't,v<  /  qnt Jt>m  rr. i f  nt iy,/< >>tr t

1. Have you ever had 2 years or more in your life 
when yon felt depressed or sad most days, w en If 
yon left OK sometimes? (C irc le  one)

Yes N o (Skip to Q u e s t io n  2 )

a . Did any period like that ever la st 2  year without 
an interruption of 2 full m onths when you feit OK?

Yes No (Skip to Question 2)

b, Did any of those long periods of M in g  sad or 
depressed continue lo t#  th e  last 12 m onths?

Yes No

3. in Use iast month i d  you have a period of 1 week 
or more w h e t ,.. (Circle o ne  a n s w e r  on each  line)

a. nearly every lay  yon felt sad, empty or depressed 
for most of the lay?

Yes Ho

b, you lost interest in most l in g s  like work, hobbies, 
and other things you usually enjoyed?

Y es No

2, In the last 1 2  m onths, have you had 2 weeks or 
lonaer when ...  (C ircle o n e  answer on each line)

a, nearly every day you felt sad, empty or depressed 
for most of the day?

Yes No

b. you lost in terest is  most things like work, hobbies, 
and other flrinjs you usually enjoyed?

Yes No

OFFICE USE ONLY

C h e c k  i f  i  A r m  1.1 a n d  111 ju -
i p i   , | ..f f : ; i

?;r DR " ii i«  y es

A N D  

3;> or 3b is yes

□
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Subject: _ _ _ _ _ _ _ _ _  Date:

f W t S t e s t  S o r e C onv ers io n
1 B ad  Answer

Pad  Answer
3 Bad Answer
4 Bad A nsw er

Bad Answer
6 Bad Answer
7 Bad Answer

'  8 B ad  Answer
9 Bad A nsw er

- o Bad Answer
'1 Bad Answer

Bad Answ er
" i Bad A nsw er
*4 Bad A nsw er

Bad Answer
IS B ad  A nsw er

Bad Answer
Bad Answer

19 Bad Answer
20 Bad Answer
21 B a d  A r i iw i
52 Bad Answer
23 Bad A nsw er
24 B ad  Answer

Ban Answer

1
. ■
■■

1
33 iwer
34 met

•
B ad  A nsw er

S c a le G rade
P hysica l Functioning
titrated d u e  to Physical hea lth
Limited due to  Em otional health
Energy/Fatigue
Emotional W ell-being
Social Functioning
P ain
General Health

#DIV/Q-
#Di¥rCM
#DIV/GS
#DIV70!
#DI¥rO
#DIVfi!
#DIV/G>
#&iv/or

Depression Presen t
Dysthymia Ho
Major D e p re s s  on No
Sym ptom s P r e s e r t Ho

D epression Screener
Question Answef{Yts/Mo)
1

1b

->
---------------

m
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% Main Script main_script.m 
clc
clear all 
clear classes

%****Define Home Directory Where batch files are located****
%**** Format should be [DRIVE]:\FILE_PATH\
%**** include trailing slash ****
addpath '[DRIVE]:\FILE_PATHV 
HOME_DIR= '[DRIVE]:\FILE_PATHY; 
< ^ * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

if strcmp(HOME_DIR,,[DRIVE]:\FILE_PATHV) 
error(['HOME_DIR must be set']); 

end

% ProcessID gives each run a unique folder store run specifc Data into 
% Format is 'yyyymmdd##' Four Digit Year, Month, Day, Number of the Run for 
% that day

ProcessID = 'yyyymmdd##';
( ^ * * * * * * * * * * * * * * * * * * * * * * * *

if strcmp(ProcesslD,'yyyymmdd##') 
error(['ProcesslD must be set']); 

end

% Check to insure that same Process ID is not Repeated 
PROCESS_FOLDER=[HOME_DIR,'Process_',ProcessID,'\'];
[status, message, messageid] = mkdir(PROCESS_FOLDER); 
if ~strcmp(message,") 

error(['Process_',ProcessID,' '.message]); 
end

%**** Location of Subjects text File*****
SUBJECTSFILE = [HOME_DIR,'subjects.txt'];

%***** MUST CHANGE FOR NUMBER OF SUBJECTS TO RUN*** 
NUMBER_OF_SUBJECTS = 99; %99; in current list;
< ^ * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

% Read in from file subjects.txt
[subjs.diab] =textread(SUBJECTS_FILE,'%s %c',NUMBER_OF_SUBJECTS); 

if length(subjs)~=NUMBER_OF_SUBJECTS
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error(['NUMBER_OF_SUBJECTS too high']); 

end

% Save Copy of subjects.txt with Results for Process 
copyfile(SUBJECTS_FILE,[PROCESS_FOLDER,'subjects.txt']);

%****Define Main Directory Where files are located****
%**** Format should be [DRIVE]:\FILE_PATH\ ****
%**** include trailing slash ****
MAIN_DIR= '[DRIVE] :\FILE_PATHY;
*̂****************************************************

if strcmp(MAIN_DIR,'[DRIVE]:\FILE_PATHV) 
error(['MAIN_DIR must be set']); 

end

% Put all File name in Lowercase 
subjs = lower(subjs);

% Intialize Counters
e=1;
g=i;

% Initialize Waitbar to Show Process Status 
wbar=waitbar(0,'Processing QS Data...'); 
for i=1:length(subjs)

% Update Waitbar
waitbar(i/NUMBER_OF_SUBJECTS,wbar,['Processing QS Data....

\char(subjs(i)),': \num2str(i)I'/',num2str(NUMBER_OF_SUBJECTS)]) 
set(wbar,'WindowStyle','modal')

% Initialize goodarr for times
goodarr(g,1 )=subjs(i);
goodarr(g,2)={'0'};
goodarr(g,3)={'0'};
goodarr(g,4)={'0'};
goodarr(g,5)={'0'};
goodarr(g,6)={'0'};
goodarr(g,7)={'0'};
goodarr(g,8)={'0'};
goodarr(g,9)={'0'};

% Beginning of Data Processing 
% Checks to insure sunject run data folder exist before
% attempting to run.
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% Upon completion, it writes status spreadsheets on the data
% processed and processing time
% Will Process trials that start with [blank],r,b,c,d,e,f
% Makes Periodic Saves in case of Crash

A = exist([MAIN_DIR,char(subjs(i)),'V,char(subjs(i)),,V],,dir');

if (A~=0) 
tic
main_tr(char(subjs(i)),diab(i),MAIN_DIR,");
t=toc;
disp(['Trial A for \char(subjs(i)),' finished in ',num2str(t),' secs.']) 
goodarr(g,2)=num2cell(t);

end

R = exist([MAIN_DIR,char(subjs(i)),,\l,char(subjs(i)),'r\,],ldir'); 

if (R~=0) 

tic
main_tr(char(subjs(i)),diab(i),[MAIN_DIR],'r');
t=toc;
disp(['Trial R for ',char(subjs(i)),' finished in ',num2str(t),' secs.']) 
goodarr(g,3)=num2cell(t);

end

B = exist([MAIN_DIR,char(subjs(i)),'V,char(subjs(i)),'bV],'dir'); 

if (B~=0) 

tic
main_tr(char(subjs(i)),diab(i),[MAIN_DIR],'b');
t=toc;
disp(['Trial B for ',char(subjs(i)),' finished in ',num2str(t),' secs.']) 
goodarr(g,4)=num2cell(t);

end

C = exist([MAIN_DIR,char(subjs(i)),'V,char(subjs(i)),'cV],,dir'); 

if (C~=0) 

tic
main_tr(char(subjs(i)),diab(i),[MAIN_DIR],'c');
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t=toc;
disp(['Trial C for ',char(subjs(i)),' finished in ,,num2str(t),, secs.']) 
goodarr(g,5)=num2cell(t);

end

D = existftMAINJDIR.cha^subjsOjyV^ha^subjsOJVdVJ/dir'); 

if (D~=0) 

tic
main_tr(char(subjs(i)),diab(i),[MAIN_DIR],,d');
t=toc;
disp(['Trial D for ',char(subjs(i)),' finished in ',num2str(t),' secs.']) 
goodarr(g,6)=num2cell(t);

end

E = exist([MAIN_DIR,char(subjs(i)),,V,char(subjs(i)),'eV],,dirI); 

if (E~=0) 

tic
main_tr(char(subjs(i)),diab(i),[MAIN_DIR],'e');
t=toc;
disp(['Trial E for ’.cha^subjsO)),' finished in ,,num2str(t),' secs.']) 
goodarr(g,7)=num2cell(t);

end

F = exist([MAIN_DIR,char(subjs(i)),,V,char(subjs(i)),'f\'],,dir'); 

if (F~=0) 

tic
main_tr(char(subjs(i)),diab(i),[MAIN_DIR],,f);
t=toc;
disp(['Trial F for',char(subjs(i)),' finished in ,,num2str(t),' secs.']) 
goodarr(g,8)=num2cell(t);

end

errarr(e,1)=subjs(i);
errarr(e,2)=num2cell(i);
errarr(e,3)=num2cell(A);
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errarr(e,4)=num2cell(R);
errarr(e,5)=num2cell(B);
errarr(e,6)=num2cell(C);
errarr(e,7)=num2cell(D);
errarr(e,8)=num2cell(E);
errarr(e,9)=num2cell(F);
e=e+1;
g=g+i;

cd(PROCESS_FOLDER);
save(['periodic_save_',num2str(i)]);

end

close(wbar);

cd(PROCESS_FOLDER);
err_head={'Subject' 'Run Number' 'A' 'R' 'B' 'C' 'D' 'E' 'F'};
xlswrite(,SUBJECT_ERR.xls'>err_head>'Sheet1'>'A1:l1');
xlswrite(,SUBJECT_ERR.xls',errarr,'Sheet1',['A2:r,num2str(e)]);

good_head={'Subject" A" R" B" C" D" E" F'};
xlswrite('SUBJECT_GOOD.xls',good_head,'Sheet1','A1:H1');
xlswrite('SUBJECT_GOOD.xls',goodarr,'SheetT,['A2:H',num2str(g)]);
cd(HOMEDIR);
clear all
clear classes

function main_tr(subject,rawid,MAIN_DIR,trial)
%Defines Where files to be processed are located 
% Files To be processed must be copied to this folder 
% All zip Files must be unzipped 
% This file has been customized for acceleration trials

global Loc_ToBeProcessed Loc_Processed
global SAMPLING RATE DAT DATA SIZE SMOOTH_FILTER

SAMPLING_RATE = 0.001;
DAT_DAT A_S IZE = 30000;
Loc_ToBeProcessed = [MAIN_DIR,subject,'V,subject,trial,'\'];

% Load Filter From File 
load SMOOTH_FILTER

%****Define where postprocessed files will be stored****

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



158

%**** Format should be [DRIVE]:\FILE_PATH\
%**** include trailing slash ****
Loc_Processed = '[DRIVE]:\FILE_PATHV;
( ^ * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

if strcm p(Loc_Processed, '[D Rl VE] :\F ILEPATHV) 
error(['Loc_Processed must be set']); 

end

%****Define File name for xls spreadsheet for***********
%**** process of subject. DO NOT PUT .xls **** 
SUBJECT_PROCESS_SUMMARY = 'FILE_NAME';
^ * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

if strcmp(SUBJECT_PROCESS_SUMMARY,'FILE_NAME') 
error(['SUBJECT_PROCESS_SUMMARY must be set']); 

else 
ERR_CHK =

exist([MAIN_DIR,subject,'Y,SUBJECT_PROCESS_SUMMARY,'.xls'],'file') 
if ERR_CHK~=0

error(['Sorry the File:SUBJECT_PROCESS_SUMMARY,'.xls already 
exist. Please Change SUBJECT_PROCESS_SUMMARY.']);

end
end

%****Define where postprocessed files will be Sfored************
%**** Below describes how to choose which files you want ****
%**** to process, which are followed by the ending of ****
%**** those files. ****
%**** Enter 1 for Processing Trial Run Files "##" ****
%**** Enter 2 for Processing Quiet Standing Files "_sta" ****
%**** Enter 3 for Processing Summary Files "_sum" ****
%**** Enter 11 for Processing QS Metrics Files "_QS" ****
%**** Enter 12 for Processing EMG Calibration Data "emcp" ****
%**** Enter 13 for Processing EMG Norm Data "_EMG_COP" **** 
F ILE TY P E S W  = 0;

switch FILE_TYPE_SW 
case 0

error(['FILE_TYPE must be set']); 
case 1

FI LE_TYPE='01.xls'; 
case 2 

FILE_TYPE-_sta.xls'; 
case 3
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FILE_TYPE-_sum.xls';
( ^ * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

0̂ * * * *  * * * *

%**** By Seperating these it provides room for expansion ****
%**** for types of files where there are more than ****
%**** one for a specific test run. ****

* * * *

case 11
FILE_TYPE=,_QS.xlsl; 

case 12
FILE_TYPE='emcp.xls'; 

case 13
FILE_TYPE=,norm_EMG_COP.mat';

otherwise
error('lncorrect Setting for FILE TYPE');

end

% Intialize ERR CHK 
ERR_CHK=zeros(1,5)

cd(Loc_Processed);

CHCK = exist([MAIN_DIR,subject,'V,subject,trial,'VJ/dir'); 

if (CHCK~=0) 

if FILE TYPE SW > 10 

ERR_CHK(1) =
exist([MAIN_DIR,subject,'V,subject,trial,'V,subject,trial,FILE_TYPE],'file'); 

if (ERR_CHK(1)~=0)

%****MUST INSERT YOUR DATA PROCESSING FUNCTION HERE****

else
disp(['Error: '.ERR FILENAME,' File not found for',subject,trial]) 

end

else

if (trial=-r')
% 1 mm Calc
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ERR_CHK(1) =
exist([MAIN_DIR,subject,'Y,subject,trial,'V,subject,trial,rawid/lasOrf.FILE^YPE],' 
file');

if (ERR_CHK(1 )~=0)

%****MUST INSERT YOUR DATA PROCESSING FUNCTION
HERE****

< ^ * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

else
disp(['Error: 1 mm ',ERR_FILENAME,' File not found for',subject,trial]) 

end

% 2mm 

ERR_CHK(2) =
exist([MAIN_DIR,subject,'V,subject,trial,'V,subject,trial,rawid/laslrf.FILEJTYPE],' 
file');

if (ERR_CHK(2)~=0)

%****MUST INSERT YOUR DATA PROCESSING FUNCTION
HERE****

(̂ ******************************************************

else
disp(['Error: 2 mm \ERR_FILENAME,' File not found for',subject,trial]) 

end

% 4mm 

ERR_CHK(3) =
exist([MAIN_DIR,subject,'V,subject,trial,'V,subject,trial,rawid,'1as2rf,FILE_TYPE],' 
file');

if (ERR_CHK(3)~=0)

%****MUST INSERT YOUR DATA PROCESSING FUNCTION
HERE****

(̂ ******************************************************
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else
disp(['Error: 4 mm '.ERRFILENAME,' File not found for '.subject,trial]) 

end

% 8mm 

ERR_CHK(4) =
exist([MAIN_DIR,subject,'V,subject,trial,'Y,subject,trial,rawid,'1as3rf,FILE_TYPE],' 
file');

if (ERR_CHK(4)~=0)

%****MUST INSERT YOUR DATA PROCESSING FUNCTION
H ERE****

*̂*****************************************************

else
disp(['Error: 8 mm ',ERR_FILENAME,' File not found for '.subject,trial]) 

end

else 

% 1 mm Calc 

ERR_CHK(1) =
exist([MAIN_DIR,subject,'V,subject,trial,'V,subject,trial,rawid,'1as0ff',FILE_TYPE],' 
file');

if (ERR_CHK(1)~=0)

%****MUST INSERT YOUR DATA PROCESSING FUNCTION
H E R E * * * *

else
disp(['Error: 1 mm '.ERRFILENAME,' File not found for '.subject,trial]) 

end

% 4mm
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ERR_CHK(3) =
exist([MAIN_DIR,subject,'V,subject,trial,'Y,subject,trial,rawid,'1as2ff',FILE_TYPE],' 
file');

if (ERR_CHK(3)~=0)

%****MUST INSERT YOUR DATA PROCESSING FUNCTION
HERE****

else
disp(['Error: 4 mm ',ERR_FILENAME,' File not found for',subject,trial]) 

end

% 16mm 

ERR_CHK(5) =
exist([MAIN_DIR,subject,'Y,subject,trial,'Y,subject,trial,rawid,'1as4fF,FILE_TYPE],' 
file');

if (ERR_CHK(5)~=0)

%****MUST INSERT YOUR DATA PROCESSING FUNCTION
HERE****

^̂ ******************************************************

else
disp(['Error: 16 mm '.ERR FILENAME,' File not found for '.subject,trial]) 

end

end

end

switch trial 
case" 

trial_num=1; 
case 'r' 

trial_num=2; 
case 'b' 

trial_num=3; 
case 'c' 

trial_num=4; 
case'd'
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trial_num=5; 
case 'e' 

trial_num=6; 
case T 

trial_num=7;
end

cd([MAIN_DIR,subject,'V]);
err_head={'Subject' 'Trial' '1 mm' '2 mm' '4 mm' '8 mm' '16 mm'}; 
xlswrite([SUBJECT_PR0CESS_SUMMARY,'.xls'],err_head,'Sheet1 ','A1 :G1'); 
xlswrite([SUBJECT_PROCESS_SUMMARY,'.xls'],{subject 

trial},'Sheetl ',['A',num2str(trial_num+1 ),':B',num2str(trial_num+1)]);

xlswrite([SUBJECT_PR0CESS_SUMMARY,'.xls'],ERR_CHK,'Sheet1',['C',num2s 
tr(trial_num+1 ),':G',num2str(trial_num+1)]);

else
disp 'sorry folder existed no work done' 

end
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function datchanger(subject,rawid,pert,trial)
%Processes EMG COP Calibrate

global Loc_ToBeProcessed Loc_Processed Accel_CF Shear_CF Load_Cell_CF 
global DAT_DATA_SIZE SMOOTH_FILTER SAMPLING_RATE 
norm EMG COP

filenameplate = [Lo^ToBeProcessed.subjecLtrial.rawid/.dat'];
FILEPLATEID = fopenffilenameplate/rt'); 

if (FILEPLATEID ~=-1) 
clear cop msmoothdata temp convdata dat 
fclose(FILEPLATEID);
% Initializations
cop(1 :DAT_DATA_SIZE,1:16) =0; 
msmoothdata(1 :DAT_DATA_SIZE)1:16)=0; 
minitavg =0; 
temp =0;
convdata(1 :DAT_DATA_SIZE,1:16) =0; 
dat =0;
% Data Extraction from raw plate data

cop =dlmread(filenameplate,,\t,,[0 0 29999 15]);

% Zero Baseline 
fori = 5:16

minitavg(i) = initavg(cop,i);
msmoothdata(1:DAT_DATA_SIZE,i)=cop(1:DAT_DATA_SIZE,i)-minitavg(i);

end

% Conversions

convdata(:,1:4) = cop(:,1:4) .* Load_Cell_CF; % Load Cells
convdata(:,5) = msmoothdata(:,5) .* pert *1.25; % Position 
convdata(:,6) = msmoothdata(:,6) * Accel_CF; %

Acceleration
convdata(:,7) = msmoothdata(:,7) * Shear CF; %

Shear
convdata(:,8) = msmoothdata(:,8); % Touch
convdata(:,9:12) = abs(msmoothdata(:,9:12)); %

EMGs
convdata(:,13:15) = msmoothdata(:,13:15) * AccelCF; %

Head Accel X,Y,Z 
convdata(:,16) = msmoothdata(:,16) / 

max(msmoothdata(1:DAT_DATA_SIZE,16)); % Bell
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% Smoothing done after conversions to prevent roughening of data 

smdat=filtfilt(SMOOTH_FILTER.tf.num,SMOOTH_FILTER.tf.den,convdata);

% Make Output Array 
% Add milliseconds to first column 

dat(1: DAT_DATA_S IZE, 1) = (1: DATDAT A_SIZE)';

% Add Position

dat(1 :DAT_DATA_SIZE,2) = smdat(1 :DAT_DATA_SIZE,5);

% Add differentiated velocity

temp(2:DAT_DATA_SIZE,7) = (smdat(2: DAT_DATA_S IZE, 5)- 
smdat(1: DAT_DATAS IZE-1,5))./SAMPLING_RATE;

% Smooth velocity 
minitavg(7) = initavg(temp,7);
tem p(2: DAT_DATA_S IZE ,7) = temp(2:DAT_DATA_SIZE,7)-minitavg(7); 
dat(2: DAT DATA S IZE, 3) = 

filtfilt(SMOOTH_FILTER.tf.num,SMOOTH_FILTER.tf.den,temp(2:DAT_DATA_SI 
ZE.7));

% Add differentiated Acceleration

tem p(3: DAT_DATAS IZE, 8) = (dat(3:DAT_DATA_SIZE,3)- 
dat(2:DAT_DATA_SIZE-1,3))./SAMPLING_RATE;

% Smooth Acceleration 
minitavg(8) = initavg(temp,8);

temp(3:DAT_DATA_SIZE,8) = temp(3:DAT_DATA_SIZE,8)-minitavg(8); 
dat(3:DAT_DATA_SIZE,4) = 

filtfilt(SMOOTH_FILTER.tf.num,SMOOTH_FILTER.tf.den,temp(3:DAT_DATA_SI 
ZE,8));

% Add Acceleration 
dat(1 :DAT_DATA_SIZE,5) = smdat(1:DAT_DATA_SIZE,6); 

% Add Differentiated Jerk
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temp(2:DAT_DATA_SIZE,5) = (dat(2:DAT_DATA_SIZE,5)- 

dat(1 :DAT_DATA_SIZE-1,5))./SAMPLING_RATE;
% Smooth Differentiated Jerk 

minitavg(5) = initavg(temp,5);
temp(2:DAT_DATA_SIZE,5) = temp(2:DAT_DATA_SIZE,5)-minitavg(5); 
dat(2: DAT_DATA S IZE, 6) = 

filtfilt(SMOOTH_FILTER.tf.num,SMOOTH_FILTER.tf.den,temp(2:DAT_DATA_SI 
ZE,5));

% Shear
dat(1 :DAT_DATA_SIZE,7) = smdat(1 :DAT_DATA_SIZE,7); 

% Touch
dat(1 :DAT_DATA_SIZE,8) = smdat(1 :DAT_DATA_SIZE,8); 

% AddAPCOP 
% Add APCOP Velocity 
% AddMLCOP 
% Add MLCOP Velocity

filenamecal = [Loc_ToBeProcessed,subject,trial,rawid]; 
fpcal = calmod(filenamecal);

[temp(:,13),temp(:,15)] = 
apmlcop(smdat(:,1),smdat(:,2),smdat(:,3),smdat(:,4),fpcal);

for i=13:2:15
minitavg(i) = initavg(temp,i);
temp(1:DAT_DATA_SIZE,i) = temp(1:DAT_DATA_SIZE,i)-minitavg(i); 
dat(1 :DAT_DATA_SIZE,i-4) = 

filtfilt(SMOOTH_FILTER.tf.num,SMOOTH_FILTER.tf.den,temp(1:DAT_DATA_SI 
ZE.i)): 

end

tem p(2: DAT_DAT A_S IZE, 14) = (dat(2:DAT_DATA_SIZE,9)- 
dat(1 :DAT_DATA_SIZE-1,9))./SAMPLING_RATE;

temp(2:DAT_DATA_SIZE,16) = (dat(2:DAT_DATA_SIZE,11)- 
dat(1 :DAT_DATA_SIZE-1,11 ))./SAMPLING_RATE;

for i= 14:2:16
minitavg(i) = initavg(temp,i);
temp(2:DAT_DATA_SIZE,i) = temp(2:DAT_DATA_SIZE,i)-minitavg(i);
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dat(2:DAT_DATA_SIZE,i-4) = 
filtfilt(SM00TH_FILTER.tf.num,SM00TH_FILTER.tf.den,temp(2:DAT_DATA_SI
ZE.i));

end

% ADD RMS EMG RTA 
% ADD RMS EMG RGS 
% ADD RMS EMG LTA 
% ADD RMS EMG LGS

dat(:, 13:16)=smdat(:,9:12);

% Head Accel X 
% Head Accel Y 
% Head Accel Z 

fori = 21:23 
dat(1: DATDATA_S IZE, i-4) 

end
smdat(1 :DAT_DATA_SIZE,i-8);

% Bell
dat(1: DAT_DAT A_S IZE,20) = smdat(1 :DAT_DATA_SIZE,16); 

% Create Normalization Array

for i=13:16 
norm_EMG_ 
norm_EMG 
norm_EMG_ 
norm_EMG_ 

end
for i=9:2:11 

norm_EMG_ 
norm_EMG 
norm_EMG_ 
norm_EMG_ 

end

COP(1,
COP(2,
COP(3,
COP(4,

COP(1,
COP(2,
COP(3,
COP(4,

-12) = mean(dat(2000:5000,i)); 
-12) = mean(dat(11000:14000,i)) 
-12) = mean(dat(16000:19000,i)) 
-12) = mean(dat(25000:28000,i))

-4-(i-9)./2) = mean(dat(2000:5000,i)); 
-4-(i-9)./2) = mean(dat(11000:14000,i)) 
-4-(i-9)./2) = mean(dat(16000:19000,i)) 
-4-(i-9)./2) = mean(dat(25000:28000,i))

% Add Headings
% 1 2 3 4 5 6
A = {'Time' 'Position' 'Diff velocity' 'Diff Accel' 'Accel' 'Diff jerk'...

'Shear' 'Touch' 'APCOP' 'APCOP Vel' 'MLCOP' 'MLCOP Vel' 'RTA' 
'RGS' 'LTA' 'LGS' 'Head Accel X' 'Head Accel Y' 'Head Accel 71 'Bell'};

% 7 8 9 10 11 12 13 14 15 16 17
18 19 20
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% Writes File
cd([Loc_Processed)subject,'V,subject,trial,’V]);

% save([subject,r,rawidj);
xlswrite([subject,trial,rawid],A,'Sheet1 ','A1 :T 1'); 
xlswrite([subject,trial,rawid],dat,'Sheetl ','A2:T30001'); 

else
cd([Loc_Processed,subject,'V,subject,trial,'V]); 
saveCerro^dat'/filenameplate'); 

end
clear dat smdat convdata msmoothdata temp cop A minitavg subject trial rawid

function filechanger(subject,rawid,pert,trial)
%Processes Threshold trials

global Loc_ToBeProcessed Loc_Processed Accel_CF Shear_CF 
global SMOOTH FILTER SAMPLING_RATE norm_EMG_COP

testnum = 1;

(̂ ************************************ 

% Special Case

switch pert 
case 1 

rawid_move=0; 
case 2 

rawid_move=1; 
case 4

rawid_move=2; 
case 8

rawid_move=3; 
case 16 

rawid_move=4;
end

if (strcmp(subject,'m72z1371)) 
if (strcmp(trial,")) 

wrawid=['n1as,,num2str(rawid_move),,fF]; 
rawid=[,c1as',num2str(rawid_move),,ff]; 

else 
wrawid=rawid; 

end
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else

wrawid=rawid;
end

% End

% Must Change wrawid back to rawid to remove

(̂ ****************************************

filenamesum = [Loc_ToBeProcessed,subject,trial,rawid,'.sum']; 
file_sum_id = fopen(filenamesum,'rt'); 
if file_sum_id==-1

filenamesum = [Loc_ToBeProcessed,upper(subject),trial,rawid,'.sum']; 
file_sum_id = fopen(filenamesum,,rt'); 
if file_sum_id ==-1 

error(['No such Sum File:filenamesum]); 
end 

end
fsumh=cell(2,1);
fsumh(1,1)=cellstr(fgetl(file_sum_id)); 
fsumh(2,1 )=cellstr(fgetl(file_sum_id));

fgetl(file_sum_id);

fsuml={'File #’ 'Step Crit.?' 'Detect?' 'Accel.' 'Vel.' '%S-Curve' 'Displ.' 'Shear Max.' 
'I-Time'...

'Filename' 'Date and Time' 'Detection and Jog' 'Movement Period'};

fclose(file_sum_id);
fsumd=cell(30,13);
fsumc=cell(1,1);

avg h ={'Trial' 'APCOP' 'APCOPV' 'MLCOP' 'MLCOPV' 'Position' 'Acceleration'... 
'Shear' 'Touch' 'RTA' 'RGS' 'LTA' 'LGS' 'Head Accel X' 'Head Accel Y' ...
'Head Accel Z' 'Bell' 'Diff velocity' 'Diff Accel' 'Diff jerk'};

sta_avg(1:19)=0;
sta_avg=stachanger(subject,rawid,pert,trial); 
xlswrite([subject, trial, wrawid, '_sum'],avg_h,'AVG', ’AT); 
xlswrite([subject, trial, wrawid, '_sum'],{'QS'},'AVG','A2'); 
xlswrite([subject,trial,wrawid,'_sum'],sta_avg,'AVG','B2');

h = waitbar(0,['Subject: '.subject,trial,' Processing move ',num2str(pert),'mm Move 
Data...']);

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



171
if (testnum <10) 

filenameplate = [Loc_ToBeProcessed,subject,trial,rawid,' 
',num2str(testnum),,.raw,]; 
else 

filenameplate =
[Loc_ToBeProcessed, subject, trial, rawid, num2str(testnum),'. raw']; 
end
FILEPLATEID = fopen(filenameplate,,rt'); 
while (FILEPLATEID ~=-1)

clear cop msmoothdata temp convdata dat

fsumd(testnum,10)=cellstr(fgetl(FILEPLATEID));
fgetl(FILEPLATEID);
fsumd(testnum,11)=cellstr(fgetl(FILEPLATEID));
fsumd(testnum,12)=cellstr(fgetl(FILEPLATEID));
fsumd(testnum,13)=cellstr(fgetl(FILEPLATEID));
fclose(FILEPLATEID);

waitbar (testnum/30,h);

% Intialization 
minitavg(1:19)=0;
% Data Extraction from raw plate data

cop =dlmread(filenameplate,,\t',7,0);

[RAW_DATA_SIZE,COLs]=size(cop);

% Zero Baseline 
for i = 5:COLs

minitavg(i) = initavg(cop,i);
msmoothdata(1 :RAW_DATA_SIZE,i)=cop(1 :RAW_DATA_SIZE,i)- 

minitavg(i); 
end

% Conversions

convdata(:,1:4) = cop(:,1:4); % Load Cells

convdata(:,5) = msmoothdata(:,5) .* pert.*1.25; % Position
convdata(:,6) = msmoothdata(:,6) .* Accel_CF; %

Acceleration
convdata(:,7) = msmoothdata(:,7) .* Shear_CF; %

Shear
convdata(:,8) = msmoothdata(:,8); % Touch
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convdata(:,9:12) = abs(msmoothdata(:,9:12)); %

EMGs
convdata(:,13:15) = msmoothdata(:,13:15) .* Accel_CF; %

Head Accel X,Y,Z 
convdata(:,16) = msmoothdata(:,16)./ 

max(msmoothdata(1:RAW_DATA_SIZE,16)); % Bell

% Smoothing done after conversions to prevent roughening of data 

smdat=filtfilt(SMOOTH_FILTER.tf.num,SMOOTH_FILTER.tf.den,convdata);

% Make Output Array 
% Add milliseconds to first column

dat(1 :RAW_DATA_SIZE,1) = (1:RAW_DATA_SIZE)';

% Add Position

dat(1 :RAW_DATA_SIZE,2) = smdat(1 :RAW_DATA_SIZE,5);

% Add differentiated velocity

temp(2:RAW_DATA_SIZE,7) = (smdat(2:RAW_DATA_SIZE,5)- 
smdat(1: RAWDATA_S IZE-1,5))./SAMPLING_RATE;

% Smooth velocity 
minitavg(17) = initavg(temp,7);
temp(2:RAW_DATA_SIZE,7) = temp(2:RAW_DATA_SIZE,7)-minitavg(7); 
dat(2:RAW_DATA_SIZE,3) = 

filtfilt(SMOOTH_FILTER.tf.num,SMOOTH_FILTER.tf.den,temp(2:RAW_DATA_SI 
ZE,7));

% Add differentiated Acceleration

temp(3:RAW_DATA_SIZE,8) = (dat(3:RAW_DATA_SIZE,3)- 
dat(2:RAW_DATA_SIZE-1,3))./SAMPLING_RATE;

% Smooth Acceleration 
minitavg(18) = initavg(temp,8);
temp(3:RAW_DATA_SIZE,8) = temp(3:RAW_DATA_SIZE,8)-minitavg(8);
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dat(3:RAW_DATA_SIZE,4) = 

filtfilt(SM00TH_FILTER.tf.num,SM00TH_FILTER.tf.den,temp(3:RAW_DATA_SI 
ZE.8));

% Add Acceleration
dat(1:RAW_DATA_SIZE,5) = smdat(1:RAW_DATA_SIZE,6);

temp(2:RAW_DATA_SIZE,5) = (dat(2:RAW_DATA_SIZE,5)- 
dat(1: RAW_DATA_S IZE-1,5))./SAMPLING_RATE;

% Smooth Acceleration
minitavg(19) = initavg(temp,5);
temp(2: RAW_DATA_S IZE, 5) = temp(2:RAW_DATA_SIZE,5)-minitavg(5);
dat(2:RAW_DATA_SIZE,6) = 

filtfilt(SMOOTH_FILTER.tf.num,SMOOTH_FILTER.tf.den,temp(2:RAW_DATA_SI 
ZE,5));

% Shear
dat(1 :RAW_DATA_SIZE,7) = smdat(1:RAW_DATA_SIZE,7); 

% Touch
dat(1:RAW_DATA_SIZE,8) = smdat(1:RAW_DATA_SIZE,8); 
% Add APCOP 
% Add APCOP Velocity 
% Add MLCOP 
% Add MLCOP Velocity

filenamecal = [Loc_ToBeProcessed,subject,trial,rawid,'1']; 
fpcal = calmod(filenamecal);

[temp(:,13),temp(:,15),dat(:,20)] = 
apmlcop(smdat(:,1),smdat(:,2),smdat(:,3),smdat(:,4),fpcal);

for i=13:2:15
minitavg(i-12) = initavg(temp,i);
temp(1 :RAW_DATA_SIZE,i) = temp(1:RAW_DATA_SIZE,i)-sta_avg(i-12); 
dat(1 :RAW_DATA_SIZE,i-4) = 

filtfilt(SMOOTH_FILTER.tf.num,SMOOTH_FILTER.tf.den,temp(1:RAW_DATA_SI 
ZE,i)); 

end

temp(2:RAW_DATA_SIZE,14) = (dat(2:RAW_DATA_SIZE,9)- 
dat(1: RAWDAT AS  IZE-1,9))./SAMPLING_RATE;
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temp(2:RAW_DATA_SIZE,16) = (dat(2:RAW_DATA_SIZE,11)- 

dat(1: R A W D A T A S  IZE-1,11 ))./SAMPLING_RATE;

for i= 14:2:16
minitavg(i-12) = initavg(temp,i);
temp(2:RAW_DATA_SIZE,i) = temp(2:RAW_DATA_SIZE,i)-sta_avg(i-12); 
dat(2: RAW_DAT A_S IZE, i-4) = 

filtfilt(SM00TH_FILTER.tf.num,SM00TH_FILTER.tf.den,temp(2:RAW_DATA_SI 
ZE,i)); 

end

% ADD RMS EMG RTA 
% ADD RMS EMG RGS 
% ADD RMS EMG LTA 
% ADD RMS EMG LGS

dat(:,13)=smdat(:,9)./norm_EMG_COP(3,1);
dat(:,14)=smdat(:,10)./norm_EMG_COP(2,3);
dat(:,15)=smdat(:,11)./norm_EMG_COP(3,3);
dat(:,16)=smdat(:,12)./norm_EMG_COP(2,4);

% Head Accel X 
% Head Accel Y 
% Head Accel Z 
fori = 21:23

dat(1 :RAW_DATA_SIZE,i-4) = smdat(1:RAW_DATA_SIZE,i-8); 
end

% Bell
dat(1:RAW_DATA_SIZE,21) = smdat(1:RAW_DATA_SIZE,16);

% Add Headings
% 1 2 3 4 5 6
A = {'Time' 'Position' 'Diff velocity' 'Diff Accel' 'Accel' 'Diff jerk'...

'Shear' 'Touch' 'APCOP' 'APCOP Vel' 'MLCOP' 'MLCOP Vel' 'RTA' 'RGS' 
'LTA' 'LGS' 'Head Accel X' 'Head Accel Y' 'Head Accel Z' 'Mass' 'Bell'};

% 7 8 9 10 11 12 13 14 15 16 17
18 19 20 21

% Writes File

cd([Loc_Processed,subject,'V,subject,trial,'\']); 
if (testnumdO)

% save([subject,r,rawid,'O',num2str(testnum)j);
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xlswrite([subject,trial,wrawid,'O',num2str(testnum)],A,'Sheetl ','A1 :T 1');

xlswrite([subject,trial,wrawid,'O',num2str(testnum)],dat,'Sheet1',['A2:T',num2str(R 
AWDATASIZE+1 )]); 

else
% save([su bject, r, rawid, n u m2str(testnu m)]);
xlswrite([subject,trial,wrawid,num2str(testnum)],A,'Sheetl ','A1 :T 1');

xlswrite([subject,trial,wrawid,num2str(testnum)],dat,'Sheet1',['A2:T',num2str(RAW 
_DATA_SIZE+1)]); 

end
xlswrite([su bject, trial, wrawid, '_sum'],testnum,'AVG', ['A', num2str(testnum+2)]); 
xlswrite([subject,trial,wrawid,'_sum'],minitavg,'AVG',['B',num2str(testnum+2)]);

testnum = testnum + 1; 
if (testnum <10) 

filenameplate = [Loc_ToBeProcessed, subject, trial, rawid,' 
',num2str(testnum),'.raw']; 

else 
filenameplate =

strcat(Loc_ToBeProcessed,subject,trial,rawid,num2str(testnum),'.raw'); 
end
FILEPLATEID = fopen(filenameplate,'rt'); 

end
% fclose(FilelDsum); 
close(h);
cd([Loc_Processed,subject,'V,subject,trial,'\']); 
save([subject,trial,wrawid,' ’,num2str(testnum)],'filenameplate'); 
if testnum<5 

save(['error_trial_subject',trial],'filenameplate'); 
end

fsumd(1:testnum-1,1:9)=num2cell(dlmread(filenamesum,'\t',[4 0 testnum+2 8]));

file_sum_id = fopen(filenamesum,'rt'); 
for(i=1:testnum+4) 

fsumct=fgetl(file_sum_id); 
end

if (fsumct~=-1) 
fsumc=cellstr(fsumct);
xlswrite([subject,trial,wrawid,'_sum'],fsumc,'SheetT,'A35'); 

end
xlswrite([subject,trial,wrawid,'_sum'],fsumh,'SheetT,'A1:A2'); 
xlswrite([su bject, trial, wrawid, '_sum'],fsuml,'SheetT,'A4:M4');
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[r_fsu md, c_fsu md]=size(fsu md);
xlswrite([subject,trial,wrawid,^sum'J.fsumd,'Sheetl',['A5:M',num2str(r_fsumd+4)])

% Clear workspace
clear dat smdat temp convdata msmoothdata cop minitavg subject rawid pert trial 
testnum fsumd fsumct fsumc fsumh fsuml A

function minitavg = stachanger(subject,rawid,pert,trial)
%Processes Quiet Standing

global Loc_ToBeProcessed Loc_Processed Accel_CF Shear_CF Load_Cell_CF 
global SMOOTH_FILTER SAMPLING RATE norm_EMG_COP

(̂ ************************************
(̂ ************************************

% Special Case

switch pert 
case 1 

rawid_move=0; 
case 2

rawid_move=1; 
case 4 

rawid_move=2; 
case 8

rawid_move=3; 
case 16

rawid_move=4;
end

if (strcmp(subject,'m72z137')) 
if (trial==")

wrawid=['n1as,,num2str(rawid_move),'ff];
else

wrawid=rawid;
end

else
wrawid=rawid;

end

% End
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% Must Change wrawid back to rawid to remove

(̂ ****************************************

filenameplate = [Loc_ToBeProcessed,subject,trial,rawid,'.sta']; 
FILEPLATEID = fopen(filenameplate,'rt'); 

if (FILEPLATEID ~=-1)  
clear cop msmoothdata temp convdata dat 
fclose(FILEPLATEID);

% Data Extraction from raw plate data

cop =dlmread(filenameplate,'\t,,2,0);
[STA_DATA_SIZE,q]=size(cop);

minitavg(1 :q+3)=0;
% Zero Baseline 

fori = 5:16 
minitavg(i) = initavg(cop,i);
msmoothdata(1:STA_DATA_SIZE,i)=cop(1:STA_DATA_SIZE,i)-minitavg(i);

end

% Conversions

convdata(:,1:4) = cop(:,1:4) .* Load_Cell_CF; % Load Cells
convdata(:,5) = msmoothdata(:,5) .* pert *1.25; % Position 
convdata(:,6) = msmoothdata(:,6) * Accel_CF; %

Acceleration
convdata(:,7) = msmoothdata(:,7) * Shear_CF; %

Shear
convdata(:,8) = msmoothdata(:,8); % Touch
convdata(:,9:12) = abs(msmoothdata(:,9:12)); %

EMGs
convdata(:,13:15) = msmoothdata(:,13:15) * Accel_CF; %

Head Accel X,Y,Z 
convdata(:,16) = msmoothdata(:,16)/ 

max(msmoothdata(1:STA_DATA_SIZE,16)); % Bell

% Smoothing done after conversions to prevent roughening of data 

smdat=filtfilt(SMOOTH_FILTER.tf.num,SMOOTH_FILTER.tf.den,convdata);

% Make Output Array
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% Add milliseconds to first column 

dat(1:STA_DATA_SIZE,1) = (1 :STA_DATA_SIZE)';

% Add Position

dat(1 :STA_DATA_SIZE,2) = smdat(1 :STA_DATA_SIZE,5);

% Add differentiated velocity

temp(2:STA_DATA_SIZE,7) = (smdat(2:STA_DATA_SIZE,5)- 
smdat(1: STA_DATA_S IZE-1,5))./SAMPLING_RATE;

% Smooth velocity 
minitavg(17) = initavg(temp,7);
temp(2:STA_DATA_SIZE,7) = temp(2:STA_DATA_SIZE,7)-minitavg(17); 
dat(2:STA_DATA_SIZE,3) = 

filtfilt(SMOOTH_FILTER.tf.num,SMOOTH_FILTER.tf.den,temp(2:STAJDATA_SI 
ZE,7));

% Add differentiated Acceleration

temp(3:STA_DATA_SIZE,8) = (dat(3:STA_DATA_SIZE,3)- 
dat(2:STA_DATA_SIZE-1,3))./SAMPLING_RATE;

% Smooth Acceleration 
minitavg(18) = initavg(temp,8);

temp(3:STA_DATA_SIZE,8) = temp(3:STA_DATA_SIZE,8)-minitavg(18); 
dat(3:STA_DATA_SIZE,4) = 

filtfilt(SMOOTH_FILTER.tf.num,SMOOTH_FILTER.tf.den,temp(3:STA_DATA_SI 
ZE.8));

% Add Acceleration 
dat(1 :STA_DATA_SIZE,5) = smdat(1 :STA_DATA_SIZE,6); 

% Add Differentiated Jerk

temp(2:STA_DATA_SIZE,5) = (dat(2:STA_DATA_SIZE,5)- 
dat(1: STA_DAT A S  IZE-1,5))./SAMPLING_RATE;

% Smooth Differentiated Jerk 
minitavg(19) = initavg(temp,5);
temp(2:STA_DATA_SIZE,5) = temp(2:STA_DATA_SIZE,5)-minitavg(19); 
dat(2: S T A D  ATA_S IZE, 6) = 

filtfilt(SMOOTH_FILTER.tf.num,SMOOTH_FILTER.tf.den,temp(2:STA_DATA_SI 
ZE,5));
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% Shear
dat(1 :STA_DATA_SIZE,7) = smdat(1:STA_DATA_SIZE,7); 

% Touch
dat(1 :STA_DATA_SIZE,8) = smdat(1 :STA_DATA_SIZE,8); 

% Add APCOP 
% Add APCOP Velocity 
% Add MLCOP 
% Add MLCOP Velocity

filenamecal = [Loc_ToBeProcessed,subject,trial,rawid,T]; 
fpcal = calmod(filenamecal);

[temp(:,13),temp(:,15)] = 
apmlcop(smdat(:,1),smdat(:,2),smdat(:,3),smdat(:,4),fpcal);

for i=13:2:15
minitavg(i-12) = mean(temp(:,i));
temp(1 :STA_DATA_SIZE,i) = temp(1 :STA_DATA_SIZE,i)-minitavg(i-12); 
dat(1 :STA_DATA_SIZE,i-4) = 

filtfilt(SMOOTH_FILTER.tf.num,SMOOTH_FILTER.tf.den,temp(1:STA_DATA_SI 
ZE.i)); 

end

temp(2:STA_DATA_SIZE,14) = (dat(2:STA_DATA_SIZE,9)- 
dat(1: S T A D  ATA_S IZ E-1,9))./SAMPLING_RATE;

temp(2:STA_DATA_SIZE,16) = (dat(2:STA_DATA_SIZE,11)- 
dat(1 :STA_DATA_SIZE-1,11 ))./SAMPLING_RATE;

for i= 14:2:16
minitavg(i-12) = mean(temp(:,i));
temp(2:STA_DATA_SIZE,i) = temp(2:STA_DATA_SIZE,i)-minitavg(i-12); 
dat(2:STA_DATA_SIZE,i-4) = 

filtfilt(SMOOTH_FILTER.tf.num,SMOOTH_FILTER.tf.den,temp(2:STA_DATA_SI 
ZE,i)); 

end

% ADD RMS EMG RTA 
% ADD RMS EMG RGS 
% ADD RMS EMG LTA 
% ADD RMS EMG LGS
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dat(: ,13:16)=smdat(:,9:12);

% Head Accel X 
% Head Accel Y 
% Head Accel Z 

for i = 21:23
dat(1 :STA_DATA_SIZE,i-4) = smdat(1:STA_DATA_SIZE,i-8); 

end

% Bell
dat(1 :STA_DATA_SIZE,20) = smdat(1:STA_DATA_SIZE,16);

% Add Headings
% 1 2 3 4 5 6
A = {'Time' 'Position' 'Diff velocity' 'Diff Accel' 'Accel' 'Diff jerk'...

'Shear' 'Touch' 'APCOP' 'APCOP Vel' 'MLCOP' 'MLCOP Vel' 'RTA' 
'RGS' 'LTA' 'LGS' 'Head Accel X' 'Head Accel Y  'Head Accel Z' 'Bell'};

% 7 8 9 10 11 12 13 14 15 16 17
18 19 20

% Writes File
cd([Loc_Processed,subject,'V,subject,trial,'\']);

% save([subject,r,wrawid]);
xlswrite([subject,trial,wrawid,'_sta'],A,'Sheetl ','A1 :T 1'); 
xlswrite([subject,trial,wrawid,'_sta'],dat,'SheetT,'A2:T20001'); 

else
cd([Loc_Processed,subject,'V,subject,trial,'\']); 
save(['error_sta',trial],'filenameplate'); 

end
clear dat smdat convdata msmoothdata temp cop A trial wrawid subject

% Calculates the initial average 
% By averaging first 180 Data points 
function a = initavg(d,i)

% d is array
% i is column of data (type) 
a = mean(d(200:3600,i));

function [APCOP,MLCOP,mass] = apmlcop(M,l2,l3,l4,fpcal)

%calculating Ap-COP and MI-COP 
FP1=l1-fpcal(1);
FP2=l2-fpcal(2);
FP3=l3-fpcal(3);
FP4=l4-fpcal(4);
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%Calculate AP and ML COP
wght = FP3+FP4+FP1+FP2; %in volts

% 209.55 mm 174.625 mm

APCOP=209.55*(FP3+FP4-FP1-FP2)./wght;
MLCOP=174.625*(FP3+FP2-FP1 -FP4)./wght;

% Conversion factor is linear 
% (Sum of fpcal [Volts])/13.95 kg(mass of plate)

cnvfact=-39.92;

mass=wght.*cnvfact; % wght is in Volts 
% cnvfact is -39.92KGA/

%Get cal values

function f = calmod(str) 
calstr=[str '.cal']; 
fid=fopen(calstr);
CAL= fscanf(fid, '%f,[16 inf|);
CAL=CAL';
fclose(fid);
%calculates the calibration
mcal=mean(CAL(.10*length(CAL):.90*length(CAL),:));
%Plate Weight is substracted from the calibration values 
f=mcal(:,1:4);%+.25*.347; %platewt 13.95kg = ,347V 
clear meal;

function QSmetrics(subject,rawid,move,row,trial) 

global Loc_ToBeProcessed Loc_Processed 

APCOP =
xlsread([Loc_ToBe Processed, subject, trial, rawid, '_sta.xls'],'Sheetl','12:120001'); 
MLCOP =
xlsread([Loc_ToBeProcessed,subject,trial,rawid,'_sta.xls'],'Sheet1','K2:K20001');

%calculate resultant distance
rd=sqrt(APCOP.A2+MLCOP.A2);
mdist=sum(rd)/(length(rd));
mdistap=sum(abs(APCOP))/(length(APCOP));
mdistml=sum(abs(MLCOP))/(length(MLCOP));

%calculate rms distance from mean cop
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rdist=sqrt((sum(rd.*rd))/(length(rd)));
rdistap=sqrt((sum(APCOP.*APCOP))/(length(APCOP)));
rdistml=sqrt((sum(MLCOP.*MLCOP))/(length(MLCOP)));

%calculation of total excursion 
m=length(APCOP)-1;
totex=sum(sqrt(((APCOP(2:m+1 )-APCOP(1 :m)).A2)+((MLCOP(2:m+1 )- 
MLCOP(1 :m)).A2)));
totexap=sum(abs(APCOP(2:m+1 )-APCOP(1 :m))); 
totexml=sum(abs(MLCOP(2:m+1 )-MLCOP(1 :m)));
%calculate mean velocity 
mvelo=totex/(length(APCOP)/1000); 
mveloap=totexap/(length(APCOP)/1000); 
mveloml=totexml/(length(APCOP)/1000);

%calculate mean, standard deviation and range of COP's
meanrd=mean(rd);
rng=range(rd);
meanap=mean(APCOP);
meanml=mean(MLCOP);
stddevrd=std(rd);
stddevap=std(APCOP);
stddevml=std(MLCOP);
rngap=range(APCOP);
rngml=range(MLCOP);

%calculate the 95% confedence circle area 
areacc=pi*(mdist+1.645*(sqrt(rdistA2-mdistA2)))A2;

%calculate the 95% confidence ellipse area
stddevapml=(sum(APCOP.*MLCOP))/(length(APCOP));
areace=2*pi*3*(sqrt(stddevapA2*stddevmlA2-stddevapmlA2));

%calculate the sway area 
n=length(APCOP)-1;
areasway=sum(abs((APCOP(2:n+1 ).*MLCOP(1 :n))- 
(MLCOP(2:n+1 ).*APCOP(1 :n))))/(2*length(APCOP)/1000);

%calculate mean frequency 
mfreq=mvelo/(2*pi*mdist); 
mfreqml=mveloml/(4*sqrt(2)*mdistml); 
mfreqap=mveloap/(4*sqrt(2)*mdistap);

%calculate fractal dimension based on 95% Confidence Circle 
dcc=2*(mdist+(1.645*(sqrt(rdistA2-mdistA2))));
FD_cc=log10(length(APCOP))/log10((length(APCOP)*dcc)/totex);

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



183

%calculate fractal dimension based on 95% Confidence Ellipse 
dce=sqrt(8*3*sqrt(stddevapA2*stddevmlA2-stddevapmlA2)); 
FD_ce=log10(length(APCOP))/log10((length(APCOP)*dce)/totex);

% Frequency domain calculations using Multitaper method
% Calculates total power for each
i=7;
while length(APCOP)>2Ai 

i=i+1; 
end
nfft=2Ai; 
m=n/2; 
fs=1000; 
fc=fs/2;
f = fc * [0:m]/m; 
df=f(2);
LPS=6; % for 0.15 Hz cutoff for analysis 
HPS=164; %for 5Hz cutoff for Analysis 
% [G,w]=pmtm(rd,4.5,nfft,fs);
% [Gap,w]=pmtm(APCOP,4.5,nfft,fs);
% [Gml,w]=pmtm(MLCOP,4.5,nfft,fs);

MLCOPF=fft(MLCOP,n);
Gml=MLCOPF *conj(MLCOPF) / n;

APCOPF=fft(APCOP,n);
Gap=APCOPF.*conj(APCOPF) / n;

rdF=fft(rd,n);
G=rdF *conj(rdF) / n;

power=sum(G(LPS:HPS));
powerap=sum(Gap(LPS:HPS));
powerml=sum(Gml(LPS:HPS));
% powerap=sum(APCOP.A2);
% powerml=sum(MLCOP A2);
%calculates 50% power for each
pfreq50=f(2)*find(cumsum(G(LPS:HPS))>=power*0.5,1/first'); 
pfreq50ap=f(2)*find(cumsum(Gap(LPS:HPS))>=powerap*0.5,1/first'); 
pfreq50ml=f(2)*find(cumsum(Gml(LPS:HPS))>=powerml*0.5,1/first'); 
%calculates 95% power for each
pfreq95=f(2)*find(cumsum(G(LPS:HPS))>=power*0.95,1/first'); 
pfreq95ap=f(2)*find(cumsum(Gap(LPS:HPS))>=powerap*0.95,1/first'); 
pfreq95ml=f(2)*find(cumsum(Gml(LPS:HPS))>=powermP0.95,1 /first'); 
%Calculates centroidal frequency
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cfreq=(sum((((LPS:HPS)*df).A2).*G(LPS:HPS)')/power).A0.5; 
cfreqap=(sum((((LPS:HPS).*df).A2).*Gap(LPS:HPS)')/powerap).A0.5; 
cfreqml=(sum((((LPS:HPS).*df) A2).*Gml(LPS:HPS)')/powerml).A0.5;
%calculates frequency dispersion 
freqd=(1 -
sum(((LPS:HPS).*df) *G(LPS:HPS)')A2/(power*sum((((LPS:HPS) *df) A2).*G(LPS
:HPS)')))A0.5;
freqdap=(1-
sum(((LPS:HPS).*df) *Gap(LPS:HPS)')A2/(powerap*sum((((LPS:HPS).*df).A2).*G
ap(LPS:HPS)')))A0.5;
freqdml=(1-
sum(((LPS:HPS).*df).*Gml(LPS:HPS),)A2/(powerml*sum((((LPS:HPS).*df).A2).*G
ml(LPS:HPS)')))A0.5;

% 1 2 3 4 5 6 7 8
% 9 10 11 12 13
14 15 16 17 18 19 20 21 22 23 24 25
26 27 28 29 30 31 32 33 34 35 36
37 38 39 40 41 42 43 44 45
output = { move meanrd meanap meanml stddevrd stddevap stddevml rng rngap 
rngml mdist mdistap mdistml rdist rdistap rdistml totex totexap totexml mvelo 
mveloap mveloml mfreq mfreqap mfreqml areacc areasway areace FD_cc 
FD_ce power powerap powerml pfreq50 pfreq50ap pfreq50ml pfreq95 pfreq95ap 
pfreq95ml cfreq cfreqap cfreqml freqd freqdap freqdml}; 
cd(Loc_Processed); 
if row==2

H = {'Move1 'meanrd' 'meanap' 'meanml' 'stddevrd' 'stddevap' 'stddevml' 'rng' 
'rngap' 'rngml' 'mdist' 'mdistap' 'mdistml' 'rdist' 'rdistap' 'rdistml' 'totex' 'totexap' 
'totexml' 'mvelo' 'mveloap' 'mveloml' 'mfreq' 'mfreqap' 'mfreqml' 'areacc'
'areasway' 'areace' 'FD_cc' 'FD_ce' 'power' 'powerap' 'powerml' 'pfreq50' 
'pfreq50ap' 'pfreq50ml' 'pfreq95' 'pfreq95ap' 'pfreq95ml' 'cfreq' 'cfreqap' 'cfreqml' 
'freqd' 'freqdap' 'freqdml'};

xlswrite([subject, trial, '_QS.xls'] ,H,'Sheet1 ','A1 :AS1'); 
end
xlswrite([subject,trial,'_QS.xls'],output,'Sheetl',['A',row,':AS',row]); 

function QSmetrics_Analysis(subject,row_read,trial) 

global Loc_ToBeProcessed Loc_Processed row_write 

[qsmetrics, move_size] =
xlsread([Loc_ToBeProcessed,subject,trial,'_QS.xls'],'Sheet1',['A2:AS',num2str(ro
w_read+1)]);
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if strcmp(trial,") 
trial={'a'}; 

end
qsmetricsf(1 ,length(move_size)*length(qsmetrics)) = 0; 
cd(Loc_Processed);

H = {};
Hf = {'Subject'};
for (i=1 :length(move_size))

% Write Header for QS_Analysis Spreadsheet
H = {['meanrd_',char(move_size(i))]... 

['meanap_',char(move_size(i))]... 
['meanml_',char(move_size(i))]... 
[stddevrd_',char(move_size(i))]... 
['stddevap_',char(move_size(i))]... 
['stddevml_',char(move_size(i))]... 
['rng_',char(move_size(i))]... 
['rngap_',char(move_size(i))]...
[ rngml_',char(move_size(i))]...
['mdist_',char(move_size(i))]...
['mdistap_',char(move_size(i))]...
['mdistml_',char(move_size(i))]...
['rdist_',char(move_size(i))]...
['rdistap',char(move_size(i))]... 
['rdistml_',char(move_size(i))]... 
['totex_',char(move_size(i))]... 
['totexap_',char(move_size(i))]... 
['totexml_',char(move_size(i))]...
[ mvelo_',char(move_size(i))]... 
['mveloap_',char(move_size(i))]... 
['mveloml_',char(move_size(i))]... 
['mfreq_',char(move_size(i))]... 
['mfreqap_',char(move_size(i))]...
[ mfreqml',char(move_size(i))]...
['areacc_',char(move_size(i))]...
['areasway_',char(move_size(i))]...
['areace_',char(move_size(i))]...
['FD_cc_',char(move_size(i))]...
['FD_ce_',char(move_size(i))]...
['power',char(move_size(i))]... 
['powerap_',char(move_size(i))]... 
['powerml_',char(move_size(i))]... 
['pfreq50_',char(move_size(i))]...
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['pfreq50ap_',char(move_size(i))]...
['pfreq50ml_',char(move_size(i))]...
['pfreq95_',char(move_size(i))]...
['pfreq95ap_',char(move_size(i))]...
['pfreq95ml_,,char(move_size(i))]...
[,cfreq_',char(move_size(i))]...
['cfreqap_',char(move_size(i))]...
['cfreqml_',char(move_size(i))]...
['freqd_',char(move_size(i))]...
['freqdap_',char(move_size(i))]...
[,freqdml_',char(move_size(i))]};

Hf = [Hf H]; 
qsmetricsf(1,1+(i-

1)*length(qsmetrics):i*length(qsmetrics))=qsmetrics(i,1:length(qsmetrics));
end

if row_write==2 
xlswrite(['QS_Analysis_',char(trial),'.xls'],Hf,'Sheet1','A1'); 

end
xlswrite([,QS_Analysis_\char(trial),,.xls,],cellstr(subject)),Sheet1',[,A,,num2str(row
_write)]);
xlswrite([,QS_Analysis_,,char(trial),,.xls,],qsmetricsf,'Sheet1,,['B',num2str(row_writ
e)]);

function QSmetrics_Analysis_Sum(subject,row_read,trial)

global Loc_ToBeProcessed Loc_Processed row write

qsmetrics(1:3,1:25)=0;
[qsmetrics, move_size] =
xlsread([Loc_ToBeProcessed,subject,trial,,_QS.xls,],,Sheet1,,[,A2:AS',num2str(ro 
w_read+1)]);

if strcmp(trial,") 
trial={'a'}; 

end

qsmetricsf_sum = sum(qsmetrics); 
qsmetricsf_mean = mean(qsmetrics);

cd(Loc_Processed);

if row_write==2 
H = {};
Hf = {'Subject'};
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% Write Header for QS_Analysis Spreadsheet
H = {['meanrd']...

['meanap']...
['meanml']...
['stddevrd']...
['stddevap']...
['stddevml']...
['rng']...
['rngap']...
['rngml']...
['mdist']...
['mdistap']...
['mdistml']...
['rdist']...
['rdistap']...
['rdistml']...
['totex']...
['totexap']...
['totexml']...
['mvelo']...
['mveloap']...
['mveloml']...
['mfreq']...
['mfreqap']...
['mfreqml']...
['areacc']...
['areasway']...
['areace']...
['FD_cc']...
['FD_ce']...
['power']...
['powerap']...
['powerml']...
['pfreq50']...
['pfreq50ap']...
['pfreq50ml']...
['pfreq95']...
['pfreq95ap']...
['pfreq95ml']...
['cfreq']...
['cfreqap']...
['cfreqml']...
['freqd']...
['freqdap']...
['freqdml']};

Hf = [Hf H];
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xlswrite(['QS_Analysis_sum_,,char(trial),,.xls,],Hf,,Sheet1,,,A1,);
xlswrite(['QS_Analysis_mean_,,char(trial),'.xls,],Hf,,Sheet1',lA1');

end

xlswrite([,QS_Analysis_sum_,,char(trial),,.xls'],cellstr(subject),,Sheet1,,['A',num2st
r(row_write)]);
xlswrite([,QS_Analysis_sum_,,char(trial),,.xls'],qsmetricsf_sum,'Sheet1',[,B,,num2s
tr(row_write)]);

xlswrite([,QS_Analysis_mean_,,char(trial),,.xls,],cellstr(subject),'Sheet1,,[A,,num2
str(row_write)]);
xlswrite([,QS_Analysis_mean_,,char(trial),'.xls,],qsmetricsf_mean,,Sheet1',['B',nu
m2str(row_write)]);
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function [norm_EMG_COP,dat] =
datchanger(subject,rawid,pert,trial,cop,cal,TEKSCAN_SAMP)

Loc_Processed = 'E:\dataV;
Accel_CF =1;
Shear_CF =-110; 
load(,SMOOTH_FILTER.mat'); 
load( Notch60Hz.mat');
SAMPLING_RATE =0.001;

[DAT_DATA_SIZE,COLs]=size(cop);
% Initializations
msmoothdata=zeros(DAT_DATA_SIZE,COLs); 
minitavg =0;
temp =zeros(DAT_DATA_SIZE,16); 
convdata=zeros(DAT_DATA_SIZE,COLs); 
dat =zeros(DAT_DATA_SIZE,COLs+5);
% Tekscan File Directory 
% TEKSCAN_DIR =
% Data Extraction from raw plate data

% tekscanfsx =
tekscan_processor(TEKSCAN_DIR, [subject,trial,rawid],filenum,1);

% Zero Baseline 
for i = 5:COLs

minitavg(i) = initavg(cop,i);
msmoothdata(1:DAT_DATA_SIZE,i)=cop(1:DAT_DATA_SIZE,i)-minitavg(i);

end

%msmoothdata=filtfilt(Notch60Hz.tf.num,Notch60Hz.tf.den,msmoothdata);

% Conversions

% Load Cells 
convdata(:,1:4) = cop(:,1:4);
% Position
convdata(:,5) = msmoothdata(:,5) .* pert;
% Acceleration
convdata(:,6) = msmoothdata(:,6) .* Accel_CF;
% Shear
convdata(:,7) = msmoothdata(:,7) .* Shear_CF;
% Touch
convdata(:,8) = msmoothdata(:,8);
% Head Accel X,Y,Z
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convdata(:,9:11) = msmoothdata(:,9:11) .* Accel_CF;

% EMGs
% Always keep EMGs at End so can easily expand the number 
convdata(:,12:COLs) = abs(msmoothdata(:,12:COLs));

% Smoothing done after conversions to prevent roughening of data

smdat=filtfilt(SMOOTH_FILTER.tf.num,SMOOTH_FILTER.tf.den,convdata);

% Make Output Array
% Add milliseconds to first column
dat(1 :DAT_DATA_SIZE,1) = (1 :DAT_DATA_SIZE)';

% Add Position

dat(1 :DAT_DATA_SIZE,2) = smdat(1 :DAT_DATA_SIZE,5);

% Add differentiated velocity

temp(2:DAT_DATA_SIZE,7) = (smdat(2:DAT_DATA_SIZE,5)- 
smdat(1: DATDATA_S IZE-1,5))./SAMPLING_RATE;

% Smooth velocity 
minitavg(7) = initavg(temp,7);
temp(2:DAT_DATA_SIZE,7) = temp(2:DAT_DATA_SIZE,7)-minitavg(7); 
dat(2: DAT DATA S IZE, 3) =
filtfilt(SMOOTH_FILTER.tf.num,SMOOTH_FILTER.tf.den,temp(2:DAT_DATA_SI
ZE.7));

% Add differentiated Acceleration

temp(3:DAT_DATA_SIZE,8) = (dat(3: DAT_DATAS IZE, 3)- 
dat(2:DAT_DATA_SIZE-1,3))./SAMPLING_RATE;

% Smooth Acceleration 
minitavg(8) = initavg(temp,8);
temp(3:DAT_DATA_SIZE,8) = temp(3:DAT_DATA_SIZE,8)-minitavg(8); 
dat(3:DAT_DATA_SIZE,4) =
filtfilt(SMOOTH_FILTER.tf.num,SMOOTH_FILTER.tf.den,temp(3:DAT_DATA_SI
ZE.8));

% Add Acceleration
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dat(1 :DAT_DATA_SIZE,5) = smdat(1 :DAT_DATA_SIZE,6); 
% Add Differentiated Jerk

temp(2:DAT_DATA_SIZE,5) = (dat(2: D AT_D ATA_S IZE, 5 )- 
dat(1: DATDATA_S IZE-1,5))./SAMPLING_RATE;
% Smooth Differentiated Jerk 
minitavg(5) = initavg(temp,5);
temp(2:DAT_DATA_SIZE,5) = temp(2:DAT_DATA_SIZE,5)-minitavg(5); 
dat(2:DAT_DATA_SIZE,6) =
filtfilt(SMOOTH_FILTER.tf.num,SMOOTH_FILTER.tf.den,temp(2:DAT_DATA_SI
ZE.5));

% Shear
dat(1 :DAT_DATA_SIZE,7) = smdat(1 :DAT_DATA_SIZE,7);

% Touch
dat(1 :DAT_DATA_SIZE,8) = smdat(1 :DAT_DATA_SIZE,8);
% AddAPCOP 
% Add APCOP Velocity 
% AddMLCOP 
% Add MLCOP Velocity

% 'Calculating COPs' 
fpcal = calmod(cal);

[temp(:,13),temp(:,15),dat(:,9)] =
apmlcop(smdat(:,1),smdat(:,2),smdat(:,3),smdat(:,4),fpcal);

% 'APCOP & MLCOP'

for i=13:2:15
minitavg(i) = initavg(temp,i);
temp(1 :DAT_DATA_SIZE,i) = temp(1:DAT_DATA_SIZE)i)-minitavg(i); 
dat(1: DAT_DATA S IZE, i-3) = 

filtfilt(SMOOTH_FILTER.tf.num,SMOOTH_FILTER.tf.denJtemp(1:DAT_DATA_SI 
ZE,i)); 
end

tem p(2: DAT_DATA_S IZE, 14) = (dat(2:DAT_DATA_SIZE,10)- 
dat(1: DAT_DAT A S  IZE-1,10))./SAMPLING_RATE; 
temp(2:DAT_DATA_SIZE,16) = (dat(2:DAT_DATA_SIZE,12)- 
dat(1: DAT_DATA S IZE-1,12))./SAM PLIN G_RATE;
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for i= 14:2:16
minitavg(i) = initavg(temp,i);
temp(2:DAT_DATA_SIZE,i) = temp(2:DAT_DATA_SIZE,i)-minitavg(i); 
dat(2: DATDATA_S IZE, i-3) = 

filtfilt(SM00TH_FILTER.tf.num,SM00TH_FILTER.tf.den,temp(2:DAT_DATA_SI 
ZE.i)); 
end

% Head Accel X 
% Head Accel Y 
% Head Accel Z 
fori = 14:16

dat(1 :DAT_DATA_SIZE,i) = smdat(1 :DAT_DATA_SIZE,i-5); 
end

% ADDRMSEMGRTA  
% ADDRMSEMGRGS  
% ADDRMSEMGLTA  
% ADD RMS EMG LGS

dat(:,17:COLs+5)=smdat(:,12:COLs);

% Create Normalization Array 
% EMGs 
for i=17:20

norm_EMG_COP(1 ,i-16) = mean(dat(2000:5000,i)); 
norm_EMG_COP(2,i-16) = mean(dat(11000:14000,i)); 
norm_EMG_COP(3,i-16) = mean(dat(16000:19000,i)); 
norm_EMG_COP(4,i-16) = mean(dat(25000:28000,i)); 

end
% COP 
for i=10:2:12

norm_EMG_COP(1 ,i-5-(i-10)./2) = mean(dat(2000:5000,i)); 
norm_EMG_COP(2,i-5-(i-10)./2) = mean(dat(11000:14000,i)); 
norm_EMG_COP(3,i-5-(i-10)./2) = mean(dat(16000:19000,i)); 
norm_EMG_COP(4,i-5-(i-10)./2) = mean(dat(25000:28000,i)); 

end

A=cell(1,COLs+5);

% Add Headings
% 1 2 3 4 5 6
A(1,1:20) = {'Time' 'Position' 'Diff velocity' 'Diff Accel' 'Accel' 'Diff jerk'...

'Shear' 'Touch' 'MASS' 'APCOP' 'APCOP Vel' 'MLCOP' 'MLCOP Vel' 'Head 
Accel X' 'Head Accel Y' 'Head Accel Z' 'RTA' 'LTA' 'RGS' 'LGS'};
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% 7 8 9 10 11 12 13 14 15 16
17 18 19 20

if COLs> 15 
for i=16:COLs

% Follows convention that Even number are on the right side 
if mod(i,2) == 0 

leftright-R'; 
else

leftright-L'; 
end
if i==16 

t_head='RSCM'; 
elseif i==17 

t_head='LSCM'; 
elseif i==18 

t_head='R Soleus'; 
elseif i==19 

t_head='L Soleus'; 
else

t_head=[,EMG', leftright, num2str(i-11)]; 
end
A(1,20+i-15)=cellstr(t_head); 

end 
end
xlspread=cell(DAT_DATA_SIZE+1,COLs+5); 
xlspread(1,1 :COLs+5)=A(1,1 :COLs+5); 
xlspread(2:DAT_DATA_SIZE+1,1 :COLs+5)=num2cell(dat);

% Writes File
mkdir([Loc_Processed,subject,'V,subject,trial,'\ENGRUNITSV]) 
cd([Loc_Processed,subject,'V,subject,trial,'\ENGRUNITSV]);

xlswrite([subject,trial,rawid],xlspread,'Sheetl','A1');

*̂*******************************

%*****TekSCan .fsx processing Weight Even 
tekdir=[Loc_Processed,subject,'V,subject,trial,'\TekscanVj;
[tekdat, feetcop,
pweight]=tekmat_processor([tekdir, subject,trial, ,_',strrep(rawid,'_emcp,,"),num
2str(1,'%04d')],1);
tekdat=[tekdat feetcop pweight];
tekspread=cell(size(tekdat,1 )+1 ,size(tekdat,2)+1);
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tekspread(1,:)={'Time' 'APCOP' 'MLCOP' 'RAPCOP' 'RMLCOP' 'LAPCOP' 
'LMLCOP''% Right Foot''% Left Foot'};
tekspread(2:size(tekdat,1)+1,1)=num2cell(1/TEKSCAN_SAMP:1/TEKSCAN_SA 
MP:size(tekdat,1 )/TEKSCAN_SAMP);
tekspread(2:size(tekdat,1)+1,2:size(tekdat,2)+1)=num2cell(tekdat);
xlswrite([subject,'_',trial,'_',rawid],tekspread,'TekscanEW1','A1');
(y  * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

( ^ * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

%*****TekSCan .fsx processing on Toes 
[tekdat, feetcop,
pweight]=tekmat_processor([tekdir, subject,trial, '_',strrep(rawid,'_emcp',"),num
2str(2,'%04d')],1);
tekdat=[tekdat feetcop pweight];
tekspread=cell(size(tekdat,1 )+1 ,size(tekdat,2)+1);
tekspread(1 ,:)={'Time' 'APCOP' 'MLCOP' 'RAPCOP' 'RMLCOP' 'LAPCOP'
'LMLCOP''% Right Foot''% Left Foot'};
tekspread(2:size(tekdat,1)+1,1)=num2cell(1/TEKSCAN_SAMP:1/TEKSCAN_SA
MP:size(tekdat,1)/TEKSCAN_SAMP);
tekspread(2:size(tekdat,1 )+1,2:size(tekdat,2)+1 )=num2cell(tekdat); 
xlswrite([subject,'_', trial, '_',rawid],tekspread,'TekscanToes', ’AT);
( ^ * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

( ^ * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

%*****TeksCan .fsx processing on Heels 
[tekdat, feetcop,
pweight]=tekmat_processor([tekdir,subject,trial,'_',strrep(rawid,'_emcp',"),num
2str(3,'%04d')],1);
tekdat=[tekdat feetcop pweight];
tekspread=cell(size(tekdat,1 )+1 ,size(tekdat,2)+1);
tekspread(1 ,:)={Time' 'APCOP' 'MLCOP' 'RAPCOP' 'RMLCOP' 'LAPCOP'
'LMLCOP''% Right Foot''% Left Foot'};
tekspread(2:size(tekdat,1)+1,1)=num2cell(1/TEKSCAN_SAMP:1/TEKSCAN_SA 
MP:size(tekdat, 1 )/TEKSCAN_SAMP);
tekspread(2:size(tekdat,1)+1,2:size(tekdat,2)+1)=num2cell(tekdat); 
xlswrite([subject,'_', trial, '_',rawid],tekspread,'TekscanHeels', ’AT);
( ^ * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

0^ * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

%*****TeksCan .fsx processing Weisht Even Again 
[tekdat, feetcop,
pweight]=tekmat_processor([tekdir,subject,trial,'_',strrep(rawid,'_emcp',"),num 
2str(4,'%04d')],1); 
tekdat=[tekdat feetcop pweight]; 
tekspread=cell(size(tekdat,1)+1,size(tekdat,2)+1);
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tekspread(1 ,:)={Time' 'APCOP' 'MLCOP' 'RAPCOP' 'RMLCOP' 'LAPCOP' 
'LMLCOP''% Right Foot''% Left Foot'};
tekspread(2:size(tekdat,1)+1,1)=num2cell(1/TEKSCAN_SAMP:1/TEKSCAN_SA 
MP:size(tekdat,1 )/TEKSCAN_SAMP);
tekspread(2:size(tekdat,1 )+1,2:size(tekdat,2)+1 )=num2cell(tekdat); 
xlswrite([subject,trial,rawid],tekspread,'TekscanEW2','A1');
( J ^ * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

0/  * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * */o
%****Tekscan Sum File 
teksum=cell(5,2);
teksum(1 ,:)={'Filename' 'Description'};
teksum(2,:)={[subject,'_',trial,'_',strrep(rawid,'_emcp',"),num2str(1,'%04d')] 'EMG 
COP: Weight even on both Feet'};
teksum(3,:)={[subject,'_',trial,'_',strrep(rawid,'_emcp',"),num2str(2,'%04d')] 'EMG 
COP: On Toes'};
teksum(4,:)={[subject,'_',trial,'_',strrep(rawid,'_emcp',"),num2str(3,'%04d')] 'EMG 
COP: On Heels'};
teksum(5,:)={[subject,'_',trial,'_',strrep(rawid,'_emcp',"),num2str(4,'%04d')] 'EMG
COP: Weight even on both Feet'};
cd(tekdir);
xlswrite([subject,'_',trial,'_',strrep(rawid,'_emcp',"),'_tekscan_sum'],teksum,'Sheet 
1','AT);
0^ * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

clear Loc_Processed smdat convdata msmoothdata leftright t_head temp cop A 
clear Accel_CF Shear_CF Load_Cell_CF DAT_DATA_SIZE SMOOTH_FILTER 
clear SAMPLING_RATE minitavg subject trial rawid xlspread 
function [dat] =
filechanger(subject, rawid, pert, trial, trialnum, cop, cal,norm_EMG_COP,sta_avg,fre 
q,noise_amp,sumd,sinusoid_setup,TEKSCAN_SAMP,PEAK_NUM)

Loc_Processed = 'E:\dataV;
Accel_CF = 1;
ShearCF =-110; 
load('SMOOTH_FILTER.mat');
SAMPLING RATE = 0.001; %Sampling Period

[RAW_DATA_SIZE,COLs]=size(cop);
% Initializations
msmoothdata=zeros(RAW_DATA_SIZE,COLs); 
minitavg=zeros(1 ,COLs+3); 
temp =zeros(RAW_DATA_SIZE,COLs); 
convdata=zeros(RAW_DATA_SIZE,COLs); 
dat =zeros(RAW_DATA_SIZE,COLs+5);
( ^ * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
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%****Sum File Writer 
% Header Setup
filenamesum=[Loc_Processed,subject,'V,subject,trial,'\ENGRUNITSV,subject,' 
', tria l,raw id , '_F',freq,'_sum']; 
if trialnum == 1 

avg_h=cell(2,COLs+4);
avg_h(1,1:16) ={'Trial' 'APCOP' 'APCOPV' 'MLCOP' 'MLCOPV' 'Position' 

'Acceleration'...
'Shear' 'Touch' 'Head Accel X' 'Head Accel Y' 'Head Accel Z' 'RTA' 

'LTA' 'RGS' 'LGS'}; 
if COLs >15  

for i=16:COLs
% Follows convention that Even number are on the right side 
if mod(i,2) == 0 

leftright='R'; 
else 

leftright='L'; 
end 
if i==16 

thead-RSCM '; 
elseif i==17 

thead-LSCM'; 
elseif i==18 

t_head='R Soleus'; 
elseif i==19 

t_head='L Soleus'; 
else

t_head=['EMG', leftright, num2str(i-11)]; 
end
avg_h(1 ,i+1)={t_head}; 

end 
end
avg_h(1,COLs+2:COLs+4) = {'Diff velocity' 'Diff Accel' 'Diff jerk'}; 
avg_h(2,1)={'QS'};
avg_h(2,2:COLs+4)=num2cell(sta_avg);
fsumh=cell(3,10);
fsumh(1,1:6)={filenamesum ''  'Front'' '  'Sample Frequency = 1000 Hz' 

['Sinusoidal Setup String: ’,sinusoid_setup]}; 
dtstr=datestr(now, 'mmmm dd, yyyy HH:MM:SS.FFF AM'); 
fsumh(1,2)={dtstr}; 
fsumh(1,4)=num2cell(noise_amp);
fsumh(3,1:10)={'Trial #' 'Detection Code' 'Increment' 'Amplitude' 'Peak 

Acceleration' 'Reversals' 'Consecutive Reversals' 'Detection' 'Tekscan Filename' 
'Peak Filename'}; 

xlswrite(filenamesum,fsumh,'Sheet1 ','A1'); 
xlswrite(filenamesum,avg_h,'AVG','AT);
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end

% Zero Baseline 
% 5 to 15 
for i = 5:COLs

minitavg(i) = initavg(cop,i);
msmoothdata(1:RAW_DATA_SIZE,i)=cop(1:RAW_DATA_SIZE,i)-sta_avg(i);

end
% Conversions

% Load Cells 
convdata(:,1:4) = cop(:,1:4);
% Position
convdata(:,5) = msmoothdata(:,5) .* pert;
% Acceleration
convdata(:,6) = msmoothdata(:,6) .* Accel_CF;
% Shear
convdata(:,7) = msmoothdata(:,7) .* Shear CF;
% Touch
convdata(:,8) = msmoothdata(:,8);
% Head Accel X,Y,Z
convdata(:,9:11) = msmoothdata(:,9:11) .* Accel_CF;

% EMGs
% ALways keep EMGs at End so can easily expand the number 
convdata(:,12:COLs) = abs(msmoothdata(:,12:COLs));

% Smoothing done after conversions to prevent roughening of data

smdat=filtfilt(SMOOTH_FILTER.tf.num,SMOOTH_FILTER.tf.den,convdata);

% Make Output Array 
% Add milliseconds to first column

dat(1 :RAW_DATA_SIZE,1) = (1:RAW_DATA_SIZE)';

% Add Position

dat(1 :RAW_DATA_SIZE,2) = smdat(1:RAW_DATA_SIZE,5); 

% Add differentiated velocity
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temp(2:RAW_DATA_SIZE,7) = (smdat(2:RAW_DATA_SIZE,5)- 
smdat(1: RAW_DATAS IZE-1,5))./SAMPLING_RATE;

% Smooth velocity 
minitavg(COLs+1) = initavg(temp,7);
temp(2:RAW_DATA_SIZE,7) = temp(2:RAW_DATA_SIZE,7)-sta_avg(7); 
dat(2:RAW_DATA_SIZE,3) =
filtfilt(SMOOTH_FILTER.tf.num,SMOOTH_FILTER.tf.den,temp(2:RAW_DATA_SI 
ZE ,7));

% Add differentiated Acceleration

temp(3:RAW_DATA_SIZE,8) = (dat(3:RAW_DATA_SIZE,3)- 
dat(2:RAW_DATA_SIZE-1,3))./SAMPLING_RATE;

% Smooth Acceleration 
minitavg(COLs+2) = initavg(temp,8);
temp(3:RAW_DATA_SIZE,8) = temp(3:RAW_DATA_SIZE,8)-sta_avg(8); 
dat(3:RAW_DATA_SIZE,4) =
filtfilt(SMOOTH_FILTER.tf.num,SMOOTH_FILTER.tf.den,temp(3:RAW_DATA_SI
ZE.8));

% Add Acceleration
dat(1 :RAW_DATA_SIZE,5) = smdat(1:RAW_DATA_SIZE,6);

temp(2:RAW_DATA_SIZE,5) = (dat(2:RAW_DATA_SIZE,5)- 
dat(1 :RAW_DATA_SIZE-1,5))./SAMPLING_RATE;
% Smooth Jerk
minitavg(COLs+3) = initavg(temp,5);
temp(2:RAW_DATA_SIZE,5) = temp(2:RAW_DATA_SIZE,5)-sta_avg(5); 
dat(2:RAW_DATA_SIZE,6) =
filtfilt(SMOOTH_FILTER.tf.num,SMOOTH_FILTER.tf.den,temp(2:RAW_DATA_SI
ZE,5));

% Shear
dat(1 :RAW_DATA_SIZE,7) = smdat(1:RAW_DATA_SIZE,7); 

% Touch
dat(1 :RAW_DATA_SIZE,8) = smdat(1:RAW_DATA_SIZE,8); 
% AddAPCOP 
% Add APCOP Velocity 
% Add MLCOP 
% Add MLCOP Velocity
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% 'Calculating COPs' 
fpcal = calmod(cal);

[temp(:,13),temp(:,15),dat(:,9)] = 
apmlcop(smdat(:,1),smdat(:,2),smdat(:,3),smdat(:,4),fpcal);

% 'APCOP & MLCOP'

for i=13:2:15
minitavg(i-12) = initavg(temp,i);
temp(1 :RAW_DATA_SIZE,i) = temp(1:RAW_DATA_SIZE,i)-sta_avg(i-12); 
dat(1 :RAW_DATA_SIZE,i-3) = 

filtfilt(SMOOTH_FILTER.tf.num,SMOOTH_FILTER.tf.den,temp(1:RAW_DATA_SI 
ZE.i)); 
end

temp(2:RAW_DATA_SIZE,14) = (dat(2:RAW_DATA_SIZE,10)- 
dat(1: RAW_DATA S IZE-1,10))./SAM PL IN G_RATE; 
temp(2:RAW_DATA_SIZE,16) = (dat(2:RAW_DATA_SIZE,12)- 
dat(1 :RAW_DATA_SIZE-1,12))./SAMPLING_RATE;

for i= 14:2:16
minitavg(i-12) = initavg(temp,i);
temp(2:RAW_DATA_SIZE,i) = temp(2:RAW_DATA_SIZE,i)-sta_avg(i-12); 
dat(2:RAW_DATA_SIZE,i-3) = 

filtfilt(SMOOTH_FILTER.tf.num,SMOOTH_FILTER.tf.den,temp(2:RAW_DATA_SI 
ZE,i)); 
end

% Head Accel X 
% Head Accel Y 
% Head Accel Z 
for i = 14:16

dat(1 :RAW_DATA_SIZE,i) = smdat(1:RAW_DATA_SIZE,i-5); 
end

% ADD RMS EMG RTA 
% ADD RMS EMG RGS 
% ADD RMS EMG LTA 
% ADD RMS EMG LGS

dat(:,17)=smdat(:,12)./norm_EMG_COP(3,1); 
dat(:,18)=smdat(:,13)./norm_EMG_COP(2,3); 
dat(:, 19)=smdat(:, 14)./norm_EMG_COP(3,3);
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dat(:,20)=smdat(:, 15)./norm_EMG_COP(2,4); 

dat(:,21:COLs+5)=smdat(:,16:COLs);

A=cell(1 ,COLs+5);

% Add Headings
% 1 2 3 4 5 6
A(1,1:20) = {'Time' 'Position' 'Diff velocity' 'Diff Accel' 'Accel' 'Diff jerk'...

'Shear' 'Touch' 'MASS' 'APCOP' 'APCOP Vel' 'MLCOP' 'MLCOP Vel' 'Head 
Accel X' 'Head Accel Y' 'Head Accel Z' 'RTA' 'LTA' 'RGS' 'LGS'};
% 7 8 9 10 11 12 13 14 15 16
17 18 19 20

if COLs >15  
for i=16:COLs

% Follows convention that Even number are on the right side 
if mod(i,2) == 0 

leftright='R'; 
else

leftright='L';
end
if i==16 

t_head='RSCM'; 
elseif i==17 

t_head='LSCM'; 
elseif i==18 

t_head='R Soleus'; 
elseif i==19 

t_head='L Soleus'; 
else

t_head=['EMG', leftright, num2str(i-11)]; 
end
A(1,20+i-15)={t_head}; 

end 
end

% Builds Cell Array for Spread Sheet 
xlspread=cell(RAW_DATA_SIZE+1,COLs+5); 
xlspread(1,1 :COLs+5)=A(1,1 :COLs+5); 
xlspread(2:RAW_DATA_SIZE+1,1 :COLs+5)=num2cell(dat);

% Writes File
cd([Loc_Processed,subject,'V,subject,trial,'\ENGRUNITSV]); 
if (trialnum<10)
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xlswrite([subject,l_l,trial,rawid,'_F',freq,,_0',num2str(trialnum)],xlspread,,Sheet1'
,'A1');
else

xlswrite([subject,'_',trial,rawid,'_F',freq,'_',num2str(trialnum)],xlspread,'SheetT,'
A1');
end

(̂ ********************************
%****Sum File Writer 
% Add Trial Information

fsumd=cell(1,10); 
fsumd(1,1 )=num2cell(trialnum); 
fsumd(1,2:7)=num2cell(sumd(1:6)); 
switch sumd(1) 

case 0 
fsumd(1,8)={'HIT'}; 

case 1 
fsumd(1,8)={'MISS'}; 

case 2
fsumd(1,8)={'FALSE ALARM'}; 

case 3
fsumd(1,8)={'CORRECT REJECTION'}; 

case -1 
error('Bad Detection')

end
fsumd(1,9)={[subject,'_', tria l,raw id , num2str(sumd(7),'%04d')]}; 
fsumd(1,10)={[subject,'_',trial,rawid,num2str(PEAK_NUM,'%04d')]}; 
xlswrite(filenamesum,fsumd,'SheetT,['A',num2str(trialnum+3)]); 
avgd=cell(1 ,COLs+4); 
avgd(1,1 )=num2cell(trialnum); 
avgd(1,2:COLs+4)=num2cell(minitavg); 
xlswrite(filenamesum,avgd,'AVG',['A',num2str(trialnum+2)]); 
(̂ ********************************

^ * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

%*****TeksCan .fsx processing
tekdir=[Loc_Processed,subject,'V,subject,trial,'\Tekscan\'];
[tekdat, feetcop,
pweight]=tekmat_processor([tekdir,subject,trial,rawid,num2str(sumd(7),'%0 
4d')],1);
tekdat=[tekdat feetcop pweight]; 
tekspread=cell(size(tekdat,1 )+1 ,size(tekdat,2)+1);
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tekspread(1 ,:)={Time' 'APCOP' 'MLCOP' 'RAPCOP' 'RMLCOP' 'LAPCOP' 
'LMLCOP''% Right Foot''% Left Foot'};
tekspread(2:size(tekdat,1)+1,1)=num2cell(1/TEKSCAN_SAMP:1/TEKSCAN_SA 
MP:size(tekdat, 1 )/TEKSCAN_SAMP);
tekspread(2:size(tekdat,1 )+1,2:size(tekdat,2)+1 )=num2ceil(tekdat); 
xlswrite([subject,'_', tria l,raw id , '_F'Jfreq,'_',num2str(trialnum,'%02d')],tekspread,' 
Tekscan','A1');
(̂ ********************************

0^ * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

%****Tekscan Sum File 
teksum=cell(1,2);
teksum(1 ,:)={[subject,'_',trial,'_',rawid,num2str(sumd(7),'%04d')] ['Threshold Trial
', num2str(trialnum),' a t ', freq,' Frequency']};
cd(tekdir);
xlswrite([subject,'_', tria l,raw id , '_tekscan_sum'],teksum,'SheetT, ['A', num2str(su 
md(7)+1)]);
*̂***************************************

% Clear workspace
clear smdat temp convdata tekdat leftright t_head msmoothdata cop sta_avg 
subject rawid pert trial trialnum fsumd fsumct fsumc fsumh fsuml A xlspread

function dat =
lockchanger(subject, rawid, pert, trial, cop, cal,norm_EMG_COP, Freq, sumd, trialnum 
,TEKSCAN_SAMP,PEAK_NUM)

% Setup so all EMGs are the last columns

Loc_Processed = 'E:\dataV;
Accel_CF =1;
ShearCF =-110; 
load('SMOOTH_FILTER.mat');
SAMPLING_RATE =0.001;
[LOCK_DATA_SIZE,COLs]=size(cop);

% Initializations
msmoothdata=zeros(LOCK_DATA_SIZE,COLs); 
minitavg =zeros(1 ,COLs+3); 
temp =zeros(LOCK_DATA_SIZE,16); 
convdata=zeros(LOCK_DATA_SIZE,COLs); 
dat =zeros(LOCK_DATA_SIZE,COLs+5);

%****Sum File Writer 
% Header Setup
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filenamesum=[Loc_Processed,subject,'V,subject,trial,'\ENGRUNITSY,subject,'_ 
', trial, rawid, '_su m'j; 
if trialnum == 1 

avg_h=cell(1 ,COLs+4);
avg_h(1,1:16) ={Trial' 'APCOP' 'APCOPV' 'MLCOP' 'MLCOPV' 'Position' 

'Acceleration'...
'Shear' 'Touch' 'Head Accel X' 'Head Accel Y' 'Head Accel Z' 'RTA' 

'LTA' 'RGS' 'LGS'}; 
if COLs > 15 

for i=16:COLs
% Follows convention that Even number are on the right side 
if mod(i,2) == 0 

leftright='R'; 
else

leftright='L';
end
if i==16 

t_head='RSCM'; 
elseif i==17 

t_head='LSCM'; 
elseif i==18 

t_head='R Soleus'; 
elseif i==19 

t_head='L Soleus'; 
else

t_head=['EMG', leftright, num2str(i-11)j; 
end
avg_h(1 ,i+1 )={t_head}; 

end 
end
avg_h(1 ,COLs+2:COLs+4) = {'Diff velocity' 'Diff Accel' 'Diff jerk'}; 
fsumh=cell(3,6);
fsumh(1,1:5)={filenamesum ''  'Front' 'No Noise at Start' 'Sample Frequency = 

1000 Hz'};
dtstr=datestr(now, 'mmmm dd, yyyy HH:MM:SS.FFF AM'); 
fsumh(1,2)={dtstr};
fsumh(3,1:6)={'Trial #' Freq 'Amplitude' 'Peak Acceleration' 'Tekscan Filename' 

'PEAK File Number'}; 
xlswrite(filenamesum,fsumh,'Sheet1 ','A1'); 
xlswrite(filenamesum,avg_h,'AVG','AT);

end
<̂ ************************************

% Zero Baseline 
for i = 5: COLs
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minitavg(i) = mean(cop(200:4200,i));
msmoothdata(1 :LOCK_DATA_SIZE,i)=cop(1 :LOCK_DATA_SIZE,i)- 

minitavg(i); 
end

% Conversions

% Load Cells 
convdata(:,1:4) = cop(:,1:4);
% Position
convdata(:,5) = msmoothdata(:,5) .* pert;
% Acceleration
convdata(:,6) = msmoothdata(:,6) .* Accel_CF;
% Shear
convdata(:,7) = msmoothdata(:,7) .* Shear_CF;
% Touch
convdata(:,8) = msmoothdata(:,8);
% Head Accel X,Y,Z
convdata(:,9:11) = msmoothdata(:,9:11) .* Accel_CF;

% EMGs
% ALways keep EMGs at End so can easily expand the number 
convdata(:,12:COLs) = abs(msmoothdata(:,12:COLs));

% Smoothing done after conversions to prevent roughening of data

disp('Smoothing')
smdat=filtfilt(SMOOTH_FILTER.tf.num,SMOOTH_FILTER.tf.den,convdata);

% Make Output Array
% Add milliseconds to first column
dat(1 :LOCK_DATA_SIZE,1) = (1:LOCK_DATA_SIZE)';

% Add Position

dat(1 :LOCK_DATA_SIZE,2) = smdat(1:LOCK_DATA_SIZE,5);

% Add differentiated velocity

temp(2:LOCK_DATA_SIZE,7) = (smdat(2:LOCK_DATA_SIZE,5)- 
smdat(1 :LOCK_DATA_SIZE-1,5))./SAMPLING_RATE;

% Smooth velocity 
minitavg(COLs+1) = initavg(temp,7);
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temp(2:LOCK_DATA_SIZE,7) = temp(2:LOCK_DATA_SIZE,7)-
minitavg(COLs+1);
dat(2:LOCK_DATA_SIZE,3) =
filtfilt(SMOOTH_FILTER.tf.num,SMOOTH_FILTER.tf.den,temp(2:LOCK_DATA 
SIZE,7));

% Add differentiated Acceleration

temp(3:LOCK_DATA_SIZE,8) = (dat(3:LOCK_DATA_SIZE,3)- 
dat(2:LOCK_DATA_SIZE-1,3))./SAMPLING_RATE;

% Smooth Acceleration 
minitavg(COLs+2) = initavg(temp,8);
temp(3:LOCK_DATA_SIZE,8) = temp(3:LOCK_DATA_SIZE,8)-
minitavg(COLs+2);
dat(3:LOCK_DATA_SIZE,4) =
filtfilt(SMOOTH_FILTER.tf.num,SMOOTH_FILTER.tf.den,temp(3:LOCK_DATA 
SIZE,8));

disp('Accelerating')
% Add Acceleration
dat(1 :LOCK_DATA_SIZE,5) = smdat(1:LOCK_DATA_SIZE,6);
% Add Differentiated Jerk

temp(2:LOCK_DATA_SIZE,5) = (dat(2:LOCK_DATA_SIZE,5)- 
dat(1 :LOCK_DATA_SIZE-1,5))./SAMPLING_RATE;
% Smooth Differentiated Jerk 
minitavg(COLs+3) = initavg(temp,5);
temp(2:LOCK_DATA_SIZE,5) = temp(2:LOCK_DATA_SIZE,5)-
minitavg(COLs+3);
dat(2:LOCK_DATA_SIZE,6) =
filtfilt(SMOOTH_FILTER.tf.num,SMOOTH_FILTER.tf.den,temp(2:LOCK_DATA 
SIZE,5));

% Shear
dat(1 :LOCK_DATA_SIZE,7) = smdat(1:LOCK_DATA_SIZE,7); 

% Touch
dat(1 :LOCK_DATA_SIZE,8) = smdat(1 :LOCK_DATA_SIZE,8); 
% Add APCOP 
% Add APCOP Velocity 
% Add MLCOP 
% Add MLCOP Velocity
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% 'Calculating COPs1 
fpcal = calmod(cal);

[temp(:,13),temp(:,15),dat(:,9)] =
apmlcop(smdat(:,1),smdat(:,2),smdat(:,3),smdat(:,4),fpcal);

% 'APCOP & MLCOP'

for i=13:2:15
minitavg(i-12) = mean(temp(:,i));
temp(1: LO C K D A TA S IZE, i) = temp(1 :LOCK_DATA_SIZE,i)-minitavg(i-12); 
dat(1 :LOCK_DATA_SIZE,i-4) = 

filtfilt(SMOOTH_FILTER.tf.num,SMOOTH_FILTER.tf.den,temp(1:LOCK_DATA 
SIZEj)); 
end

temp(2:LOCK_DATA_SIZE,14) = (dat(2:LOCK_DATA_SIZE,9)- 
dat(1 :LOCK_DATA_SIZE-1,9))./SAMPLING_RATE; 
temp(2:LOCK_DATA_SIZE, 16) = (dat(2:LOCK_DATA_SIZE,11)- 
dat(1 :LOCK_DATA_SIZE-1,11 ))./SAMPLING_RATE;

for i= 14:2:16
minitavg(i-12) = mean(temp(:,i));
temp(2:LOCK_DATA_SIZE,i) = temp(2:LOCK_DATA_SIZE,i)-nninitavg(i-12); 
dat(2:LOCK_DATA_SIZE,i-4) = 

filtfilt(SMOOTH_FILTER.tf.num,SMOOTH_FILTER.tf.den,temp(2:LOCK_DATA 
SIZE.i)); 
end

% Head Accel X 
% Head Accel Y 
% Head Accel Z 
fori = 14:16

dat(1 :LOCK_DATA_SIZE,i) = smdat(1 :LOCK_DATA_SIZE,i-5); 
end

% ADD RMS EMG RTA 
% ADD RMS EMG RGS 
% ADD RMS EMG LTA 
% ADD RMS EMG LGS

dat(:, 17)=smdat(:, 12)./norm_EMG_COP(3,1); 
dat(:, 18)=smdat(:, 13)./norm_EMG_COP(2,3); 
dat(:,19)=smdat(:,14)./norm_EMG_COP(3,3);
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dat(:,20)=smdat(:,15)./norm_EMG_COP(2,4);
dat(:,21:COLs+5)=smdat(:,16:COLs);

A=cell(1 ,COLs+5);

% Add Headings
% 1 2 3 4 5 6
A(1,1:20) = {'Time' 'Position' 'Diff velocity' 'Diff Accel' 'Accel' 'Diff jerk'...

'Shear' 'Touch' 'MASS' 'APCOP' 'APCOP Vel' 'MLCOP' 'MLCOP Vel' 'Head 
Accel X' 'Head Accel Y' 'Head Accel Z' 'RTA' 'LTA' 'RGS' 'LGS'};
% 7 8 9 10 11 12 13 14 15 16
17 18 19 20

if COLs >15  
fori=16:COLs

% Follows convention that Even number are on the right side 
if mod(i,2) == 0 

leftright='R'; 
else

leftright='L';
end
if i==16 

t_head='RSCM'; 
elseif i==17 

t_head='LSCM'; 
elseif i==18 

t_head='R Soleus'; 
elseif i==19 

t_head='L Soleus'; 
else

t_head=['EMG', leftright, num2str(i-11)]; 
end
A(1,20+i-15)={t_head}; 

end 
end

cd([Loc_Processed,subject,'V,subject,trial,'\ENGRUNITS\']); 
save([subject,'_',trial,'_',rawid,'_',Freq,'_sta'],'dat');

for i=1 :(LOCK_DATA_SIZE-5000)/60000+1 
if i == 1

xlspread=cell(5000+1 ,COLs+5); 
xlspread(1,1 :COLs+5)=A(1,1 :COLs+5); 
xlspread(2:5000+1,1 :COLs+5)=num2cell(dat(1:5000,:));
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else
xlspread=cell(60000+1 ,COLs+5); 
xlspread(1,1 :COLs+5)=A(1,1 :COLs+5); 
xlspread(2:60000+1,1:COLs+5)=num2cell(dat(5001+60000*(i-

2):65000+60000*(i-2),:)); 
end
% Writes File

xlswrite([subject, J,trial,'J,rawid,'_',Freq,'_sta'],xlspread,['Sheet',num2str(i)],'A1'); 
clear xlspread

end

0/  * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * */o
%****Sum File Writer
% Add Trial Information
fsumd=cell(1,6);
fsumd(1,1 )=num2cell(trialnum);
fsumd(1,2)={Freq};
fsumd(1,3:4)=num2cell(sumd(1:2));
fsumd(1,5)={[subject,'_',trial,'_',strrep(rawid,'Jock',"),num2str(sumd(3),'%04d')]}; 
fsumd(1,6)={[subject,'_',trial,'_',strrep(rawid,'Jock',"),num2str(PEAK_NUM,'%04d' 
)]};
xlswrite(filenamesum,fsumd,'SheetT,['A',num2str(trialnum+3)]); 
avgd=cell(1 ,COLs+4); 
avgd(1,1)=num2cell(trialnum); 
avgd(1,2:COLs+4)=num2cell(minitavg); 
xlswrite(filenamesum,avgd,'AVG',['A',num2str(trialnum+1)]); 
^ * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

^ * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

%*****TekSCan .fsx processing
tekdir=[Loc_Processed,subject,'V,subject, J,trial,'\Tekscan\'];
[tekdat, feetcop,
pweight]=tekmat_processor([tekdir,subject, J,trial, J,strrep(rawid, Jock',"),num2s
tr(sumd(3),'%04d')],1);
tekdat=[tekdat feetcop pweightj;
tekspread=cell(size(tekdat,1 )+1 ,size(tekdat,2)+1);
tekspread(1 ,:)={'Time' 'APCOP' 'MLCOP' 'RAPCOP' 'RMLCOP' 'LAPCOP'
'LMLCOP''% Right Foot''% Left Foot'};
tekspread(2:size(tekdat,1)+1,1)=num2cell(1/TEKSCAN_SAMP:1/TEKSCAN_SA 
MP:size(tekdat,1 )/TEKSCAN_SAMP);
tekspread(2:size(tekdat,1 )+1,2:size(tekdat,2)+1 )=num2cell(tekdat); 
xlswrite([subject, J,trial, J,rawid,J,Freq,'_sta'],tekspread,'Tekscan',’AT);
( J ^ * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
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Q J * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

%****Tekscan Sum File 
teksum=cell(1,2);
teksum(1,:)={[subject,'_',trial,'_',strrep(rawid,'Jock',"),num2str(sumd(3),'%04d')]
[Threshold Trialnum2str(trialnum),' a t F r e q , ' Frequency']};
cd(tekdir);
xlswrite([subject,'_',trial, J,strrep(rawid, Jock',"), Jekscan_sum'],teksum,'SheetT, 
['A',num2str(sumd(3)+1)]);
( ^ * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

clear smdat convdata msmoothdata temp cop A trial subject rawid 
clear Loc_Processed Accel_CF Shear_CF LOCK_DATA_SIZE 
clear SMOOTH_FILTER SAMPLING_RATE i leftright t_head

function [minitavg,dat] =
stachanger(subject, rawid, pert, trial, cop, cal,norm_EMG_COP, Freq, teknum,TEKS 
CANSAMP)

Loc_Processed = 'E:\dataV;
Accel_CF =1;
Shear_CF =-110; 
load('SMOOTHFILTER.mat');
SAMPLING_RATE =0.001;
[ST A_DATA_S IZE, CO Ls]=size(cop);

% Initializations
msmoothdata=zeros(STA_DATA_SIZE,COLs); 
minitavg =zeros(1,1:18); 
temp =zeros(STA_DATA_SIZE,16); 
convdata=zeros(STA_DATA_SIZE,COLs); 
dat =zeros(STA_DATA_SIZE,COLs+5);

% Zero Baseline 
for i = 5:COLs

minitavg(i) = mean(cop(:,i));
msmoothdata(1:STA_DATA_SIZE,i)=cop(1:STA_DATA_SIZE,i)-minitavg(i);

end

% Conversions

% Load Cells 
convdata(:,1:4) = cop(:,1:4);
% Position
convdata(:,5) = msmoothdata(:,5) * pert;
% Acceleration
convdata(:,6) = msmoothdata(:,6) .* Accel_CF;
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% Shear
convdata(:,7) = msmoothdata(:,7) * Shear_CF;
% Touch
convdata(:,8) = msmoothdata(:,8);
% Head Accel X,Y,Z
convdata(:,9:11) = msmoothdata(:,9:11) .* Accel CF;

% EMGs
% ALways keep EMGs at End so can easily expand the number 
convdata(:,12:COLs) = abs(msmoothdata(:,12:COLs));

% Smoothing done after conversions to prevent roughening of data

smdat=filtfilt(SMOOTH_FILTER.tf.num,SMOOTH_FILTER.tf.den,convdata);

% Make Output Array 
% Add milliseconds to first column 
dat(1:STA_DATA_SIZE,1) = (1 :STA_DATA_SIZE)';

% Add Position

dat(1 :STA_DATA_SIZE,2) = smdat(1 :STA_DATA_SIZE,5);

% Add differentiated velocity

temp(2:STA_DATA_SIZE,7) = (smdat(2:STA_DATA_SIZE,5)- 
smdat(1: STA_DATA_S IZE-1,5))./SAMPLING_RATE;

% Smooth velocity 
minitavg(COLs+1) = initavg(temp,7);
temp(2:STA_DATA_SIZE,7) = temp(2:STA_DATA_SIZE,7)-minitavg(COLs+1); 
dat(2:STA_DATA_SIZE,3) =
filtfilt(SMOOTH_FILTER.tf.num,SMOOTH_FILTER.tf.den,temp(2:STA_DATA_SI
ZE,7));

% Add differentiated Acceleration

temp(3:STA_DATA_SIZE,8) = (dat(3:STA_DATA_SIZE,3)- 
dat(2:STA_DATA_SIZE-1,3))./SAMPLING_RATE;

% Smooth Acceleration 
minitavg(COLs+2) = initavg(temp,8);
temp(3:STA_DATA_SIZE,8) = temp(3:STA_DATA_SIZE,8)-minitavg(COLs+2);

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



212
dat(3:STA_DATA_SIZE,4) =
filtfilt(SM00TH_FILTER.tf.num,SM00TH_FILTER.tf.den,temp(3:STA_DATA_SI
ZE.8));

% Add Acceleration
dat(1 :STA_DATA_SIZE,5) = smdat(1 :STA_DATA_SIZE,6); 
% Add Differentiated Jerk

temp(2:STA_DATA_SIZE,5) = (dat(2:STA_DATA_SIZE,5)- 
dat(1: STA_DATA_S IZ E-1,5))./SAMPLING_RATE;
% Smooth Differentiated Jerk 
minitavg(COLs+3) = initavg(temp,5);
temp(2:STA_DATA_SIZE,5) = temp(2:STA_DATA_SIZE,5)-minitavg(COLs+3); 
dat(2:STA_DATA_SIZE,6) =
filtfilt(SMOOTH_FILTER.tf.num,SMOOTH_FILTER.tf.den,temp(2:STA_DATA_SI
ZE,5));

% Shear
dat(1 :STA_DATA_SIZE,7) = smdat(1:STA_DATA_SIZE,7);

% Touch
dat(1 :STA_DATA_SIZE,8) = smdat(1:STA_DATA_SIZE,8);
% AddAPCOP 
% Add APCOP Velocity 
% Add MLCOP 
% Add MLCOP Velocity

% 'Calculating COPs' 
fpcal = calmod(cal);

[temp(:,13),temp(:,15),dat(:,9)] =
apmlcop(smdat(:,1),smdat(:,2),smdat(:,3),smdat(:,4),fpcal);

% 'APCOP & MLCOP'

for i=13:2:15
minitavg(i-12) = mean(temp(:,i));
temp(1: STA_DATAS IZE, i) = temp(1 :STA_DATA_SIZE,i)-minitavg(i-12); 
dat(1 :STA_DATA_SIZE,i-4) = 

filtfilt(SMOOTH_FILTER.tf.num,SMOOTH_FILTER.tf.den,temp(1:STA_DATA_SI 
ZE,i)); 
end
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temp(2:STA_DATA_SIZE,14) = (dat(2:STA_DATA_SIZE,9)- 
dat(1 :STA_DATA_SIZE-1,9))./SAMPLING_RATE; 
temp(2:STA_DATA_SIZE,16) = (dat(2:STA_DATA_SIZE,11)- 
dat(1: ST ADATA_S IZE-1,11 ))./SAMPLING_RATE;

for i= 14:2:16
minitavg(i-12) = mean(temp(:,i));
temp(2:STA_DATA_SIZE,i) = temp(2:STA_DATA_SIZE,i)-minitavg(i-12); 
dat(2:STA_DATA_SIZE,i-4) = 

filtfilt(SM00TH_FILTER.tf.num,SM00TH_FILTER.tf.den,temp(2:STA_DATA_SI 
ZE.i)); 
end

% Head Accel X 
% Head Accel Y 
% Head Accel Z 
fori = 14:16

dat(1 :STA_DATA_SIZE,i) = smdat(1:STA_DATA_SIZE,i-5); 
end

% ADDRMSEMGRTA  
% ADDRMSEMGRGS  
% ADDRMSEMGLTA  
% ADD RMS EMG LGS

dat(:,17)=smdat(:,12)./norm_EMG_COP(3,1); 
dat(:, 18)=smdat(:, 13)./norm_EMG_COP(2,3); 
dat(:, 19)=smdat(:, 14)./norm_EMG_COP(3,3); 
dat(:,20)=smdat(:,15)./norm_EMG_COP(2,4);

dat(:,21:COLs+5)=smdat(:,16:COLs);

A=cell(1,C0Ls+5);

% Add Headings
% 1 2 3 4 5 6
A(1,1:20) = {'Time' 'Position' 'Diff velocity' 'Diff Accel' 'Accel' 'Diff jerk'...

'Shear' 'Touch' 'MASS' 'APCOP' 'APCOP Vel' 'MLCOP' 'MLCOP Vel' 'Head 
Accel X' 'Head Accel Y' 'Head Accel Z' 'RTA' 'LTA' 'RGS' 'LGS'};
% 7 8 9 10 11 12 13 14 15 16
17 18 19 20

if COLs> 15 
for i=16:COLs
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% Follows convention that Even number are on the right side 
if mod(i,2) == 0 

leftright-R'; 
else

leftright-L'; 
end
if i==16 

t_head='RSCM'; 
elseif i==17 

t_head=,LSCM'; 
elseif i==18 

t_head='R Soleus'; 
elseif i==19 

t_head='L Soleus'; 
else

t_head=['EMG', leftright, num2str(i-11)]; 
end
A(1,20+i-15)={t_head}; 

end 
end
xlspread=cell(STA_DATA_SIZE+1,COLs+5); 
xlspread(1,1 :COLs+5)=A(1,1 :COLs+5); 
xlspread(2:STA_DATA_SIZE+1,1 :COLs+5)=num2cell(dat);

% Writes File
cd([Loc_Processed,subject,'V,subject,trial,'\ENGRUNITS\']); 
xlswrite([subject,'_',trial,rawid,Freq,'_sta'],xlspread,'Sheet1','A1');

(̂ ********************************
%*****TeksCan .fsx processing
tekdir=[Loc_Processed,subject,'V,subject,trial,'\Tekscan\'];
[tekdat, feetcop,
pweight]=tekmat_processor([tekdir,subject,trial,'_',strrep(rawid,'_QS',"),num2st
r(teknum,'%04d')],1);
tekdat=[tekdat feetcop pweightj;
tekspread=cell(size(tekdat,1 )+1 ,size(tekdat,2)+1);
tekspread(1 ,:)={'Time' 'APCOP' 'MLCOP' ’RAPCOP' 'RMLCOP' 'LAPCOP'
'LMLCOP''% Right Foot''% Left Foot'};
tekspread(2:size(tekdat,1)+1,1)=num2cell(1/TEKSCAN_SAMP:1/TEKSCAN_SA 
MP:size(tekdat,1 )/TEKSCAN_SAMP);
tekspread(2:size(tekdat,1 )+1,2:size(tekdat,2)+1 )=num2cell(tekdat); 
xlswrite([subject,'_',trial,rawid,Freq, '_sta'],tekspread,'Tekscan','A1');
( ^ * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

< ^ * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

%****TekSCan Sum File
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teksum=cell(1,2);
teksum(1,:)={[subject,,_ l, trial, ,_ ,,strrep(rawid,'_QSI,"),num2str(teknum,'%04cr)]
['QS Trial for', Freq,' Frequency']};
cd(tekdir);
xlswrite([subject,,_', trial, ,_ ,,strrep(rawid,'_QS\"),,_tekscan_sum,],teksum,,Sheet1',[ 
'A'.num^str^eknum+I)]);
( ^ * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

clear smdat convdata msmoothdata temp cop A trial subject rawid 
clear Loc_Processed Accel_CF Shear_CF STA_DATA_SIZE 
clear SMOOTH FILTER SAMPLING_RATE xlspread t_head leftright

function [APCOP,MLCOP,mass] = apmlcop(M,l2,l3,l4,fpcal)

%calculating Ap-COP and MI-COP 
FP1 =11 -fpcal(1);
FP2=l2-fpcal(2);
FP3=l3-fpcal(3);
FP4=l4-fpcal(4);
%Calculate AP and ML COP
wght = FP3+FP4+FP1+FP2; %in volts

% 209.55 mm 174.625 mm

APCOP=209.55*(FP3+FP4-FP1-FP2)./wght;

% To the left is Positive
MLCOP=174.625*(FP1 +FP4-FP3-FP2)./wght;

% Conversion factor is linear 
% (Sum of fpcal [Volts])/13.95 kg(mass of plate)

% Converted in Labview 
%cnvfact=-39.92;

mass=wght; % wght is in Volts
% cnvfact is -39.92KGA/

%Get cal values

function f = calmod(CAL)

%calculates the calibration
mcal=mean(CAL(.10*length(CAL):.90*length(CAL),:));
%Plate Weight is substracted from the calibration values 
f=mcal(1:4);%+.25*.347; %platewt 13.95kg = ,347V
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clear meal;

% Calculates the initial average 
% By averaging first 180 Data points 
function a = initavg(d.i)

% d is array
% i is column of data (type) 
a = mean(d(200:3600,i));

function peak_Freq = peak_freq_det(subject,rawid,trial,dat,peak_num)

% Beginning of sway frequency code 
Loc_Processed = 'E:\dataV;

freq_spec = figure;

STADATA_S IZE = size(dat,1);

i=i;
while 2Ai < ST A D  A T A S  IZE
n=2Ai;
i=i+1;
end

Upper_Freq_Limit=1;
Lower_Freq_Limit=.1;

m=n/2;
fs=1000;
fc=fs/2;
f = fc * (0:m)/m; 

i=1;
while f(i) < Lower_Freq_Limit 

Hzp10=i; 
i=i+1; 

end

while f(i) < Upper_Freq_Limit 
Hz2p5=i; 
i=i+1; 

end

tot_pow=sum(dat(1:STA_DATA_SIZE,10).A2);
APCOPF=fft(dat(1 :STA_DATA_SIZE,10),n); 
PAPCOPF=APCOPF.*conj(APCOPF) / n;
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PAPCOPF=20.*log10(PAPCOPF/max(PAPCOPF(Hzp10:Hz2p5)));

PAPC0PF(m+2:n) = [ ];
PAPC0PF(2:m+1) = 2*PAPCOPF(2:m+1);
plot(f(Hzp10:Hz2p5),PAPCOPF(Hzp10:Hz2p5)J,Marker,>,o')

thresh = -30; %Threshold for detection of peaks

% Summary (sum total and number) of all detected, to calculate average
mxtot=0;
nn=0;

peakFreq = []; 
peak_a = []; 
peak_b = [];

for i = 1 :peak_num

mx = max(PAPCOPF(Hzp10:Hz2p5)); % find max value of entire array

if mx>thresh

% find max position
[c]=find(PAPCOPF(Hzp10:Hz2p5)==mx);
c=c(1);

%Update summary info 
mxtot=mxtot+f(c+Hzp10-1); 
nn=nn+1;

peak_Freq = [peak Freq; f(c+Hzp10-1)];

temp_a = [f(c+Hzp10-1); mx];

peak_a -  [peak_a tempa];

tempb = [f(c+Hzp10-1) mx];

peak_b = [peak_b temp_b];

L_OK = 1;
R_OK= 1;
L_x = c+Hzp10-1;
R_x = c+Hzp10;

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



PAPC0PF(c+Hzp10-1 )=thresh; 
old_l=mx;

if c+Hzp10-1 <=Hzp10 
L_OK=0; 

end
old_r=mx;
if c+Hzp10-1 >=Hz2p5 

R_OK=0; 
end

while L_OK
if PAPCOPF(L x) <= old l 

o ld j =PAPCOPF(L_x);
PAPCOPF(L_x)=thresh;
L_x=L_x-1; 

else
L_OK =0; 

end
if L_x<=Hzp10 

L_OK =0; 
end 

end

while R_OK
if PAPCOPF(R_x) <= old_r 

old_r =PAPCOPF(R_x);
PAPCOPF(R_x)=thresh;
R_x=R_x+1;

else
R_OK =0; 

end
if R_x>=Hz2p5 

R_OK =0; 
end 

end

% Mark peak with asterick
text('position',[(f(Hz2p5)*c/Hz2p5+f(3)) mx],'fontsize',24,'string','*') 

% else
% OK =0; %no peak above threshold 

end 
end
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if ~isempty(peak_a)

%label line with the value 
text('position',[.11 0],'string',...

['Threshold- num2str(thresh,2)],...
'verticalalignment','top') 

text('position',[.11 -20],'string',...
['Total Power=' num2str(tot_pow,'%-8.2e\n')],...
'verticalalignmentytop') 

title([subject,rawid,' QS Frequency Power']) 
xlabel ('Frequency (Hz)') 
ylabel ('Power (dB)') 
set(gca,'XSca!e','log')

str_arr_f = cell(size(peak_a,2)+1,1); 
str_arr_f(1 )=cellstr('Frequency (Hz)'); 
str_arr_f(2:size(peak_a,2)+1) = cellstr(num2str(peak_a(1,:)')); 
text(0.3981 ,peak_a(2,1 ),str_arr_f,'verticalalignmentytop')

str_arr_p = cell(size(peak_a,2)+1,1); 
str_arr_p(1 )=cellstr('Power (dB)');
str_arr_p(2:size(peak_a,2)+1) = cellstr(num2str(peak_a(2,:)')); 
text(0.6918,peak_a(2,1),str_arr_p,'verticalalignmentytop')

axis([Lower_Freq_Limit Upper_Freq_Limit -100 0])

drawnow

cd([Loc_Processed,subject,'V,subject,trial,'\ENGRUNITS\']); 
saveas(freq_spec,[subject,trial,rawid,'_freq_spec_dB.jpg']); 
saveas(freq_spec, [subject, tr ial, rawid, ’_freq_spec_dB.emf]); 
hgsave(freq_spec,[subject,trial,rawid,'_freq_spec_dB']); 
xlspread=cell(2,2+2*peak_num); 
xlspread(1,1:4)={'Total Power' 'Threshold' 'freq' 'peak'}; 
xlspread(2,1 :(2+length(peak_b)))=num2cell([tot_pow thresh peak b]); 
xlswrite([subject,'_', trial,rawid, '_freq_spec_dB.xls'], xlspread,'Sheet1', ’AT); 

else
xlspread=cell(2,3);
xlspread(1,:)={'Threshold' 'Max Peak' 'Total Power'}; 
xlspread(2,:)=num2cell([thresh max(PAPCOPF(Hzp10:Hz2p5)) tot_pow]); 
xlswrite([subject,'_',trial,rawid,'_freq_spec_dB.xls'],xlspread/SheetT,'AT); 

end

close(freq_spec)
while length(peak_Freq) < peak_num 

peak_Freq = [peak_Freq; -1];
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end

clear header pert thresh PAPCOPF APCOP APCOPF peak_a peak_b dat 
subject trial rawid tot_pow str_arr_p str_arr_f f

function QSmetrics(subject,rawid,trial,move,row,dat)

LocProcessed = 'E:\dataV;

APCOP = dat(:,10);
MLCOP = dat(:,12);

%calculate resultant distance
rd=sqrt(APCOP.A2+MLCOP.A2);
mdist=sum(rd)/(length(rd));
mdistap=sum(abs(APCOP))/(length(APCOP));
mdistml=sum(abs(MLCOP))/(length(MLCOP));

%calculate rms distance from mean cop 
rdist=sqrt((sum(rd.*rd))/(length(rd))); 
rdistap=sqrt((sum(APCOP.*APCOP))/(length(APCOP))); 
rdistml=sqrt((sum(MLCOP.*MLCOP))/(length(MLCOP)));

%calculation of total excursion 
m=length(APCOP)-1;
totex=sum(sqrt(((APCOP(2:m+1 )-APCOP(1 :m)) A2)+((MLCOP(2:m+1 )- 
MLCOP(1:m))A2)));
totexap=sum(abs(APCOP(2:m+1 )-APCOP(1 :m))); 
totexml=sum(abs(MLCOP(2:m+1 )-MLCOP(1 :m)));

%calculate mean velocity 
mvelo=totex/(length(APCOP)/1000); 
mveloap=totexap/(length(APCOP)/1000); 
mveloml=totexml/(length(APCOP)/1000);

%calculate mean, standard deviation and range of COP's
meanrd=mean(rd);
rng=range(rd);
meanap=mean(APCOP);
meanml=mean(MLCOP);
stddevrd=std(rd);
stddevap=std(APCOP);
stddevml=std(MLCOP);
rngap=range(APCOP);
rngml=range(MLCOP);
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%calculate the 95% confedence circle area 
areacc=pi*(mdist+1.645*(sqrt(rdistA2-mdistA2)))A2;

%calculate the 95% confidence ellipse area
stddevapml=(sum(APCOP.*MLCOP))/(length(APCOP));
areace=2*pi*3*(sqrt(stddevapA2*stddevmlA2-stddevapmlA2));

%calculate the sway area 
n=length(APCOP)-1;
areasway=sum(abs((APCOP(2:n+1 ).*MLCOP(1 :n))- 
(MLCOP(2:n+1 ).*APCOP(1 :n))))/(2*length(APCOP)/1000);

%calculate mean frequency 
mfreq=mvelo/(2*pi*mdist); 
mfreqml=mveloml/(4*sqrt(2)*mdistml); 
mfreqap=mveloap/(4*sqrt(2)*mdistap);

%calculate fractal dimension based on 95% Confidence Circle 
dcc=2*(mdist+(1.645*(sqrt(rdistA2-mdistA2))));
FD_cc=log10(length(APCOP))/log10((length(APCOP)*dcc)/totex);

%calculate fractal dimension based on 95% Confidence Ellipse
dce=sqrt(8*3*sqrt(stddevapA2*stddevmlA2-stddevapmlA2));
FD_ce=log10(length(APCOP))/log10((length(APCOP)*dce)/totex);

% Frequency domain calculations using Multitaper method 
% Calculates total power for each 
i=7;
while length(APCOP)>2Ai 

i=i+1; 
end
nfft=2Ai; 
m=n/2; 
fs=1000; 
fc=fs/2;
f = fc * [0:m]/m; 
df=f(2);
LPS=6; % for 0.15 Hz cutoff for analysis 
HPS=164; %for 5Hz cutoff for Analysis 
% [G,w]=pmtm(rd,4.5,nfft,fs);
% [Gap,w]=pmtm(APCOP,4.5,nfft,fs);
% [Gml,w]=pmtm(MLCOP,4.5,nfft,fs);

MLCOPF=fft(MLCOP,n);
Gml=MLCOPF.*conj(MLCOPF) / n;
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APCOPF=fft(APCOP,n);
Gap=APCOPF.*conj(APCOPF) / n;

rdF=fft(rd,n);
G=rdF.*conj(rdF) / n;

power=sum(G(LPS:HPS));
powerap=sum(Gap(LPS:HPS));
powerml=sum(Gml(LPS:HPS));
% powerap=sum(APCOP.A2);
% powemnl=sum(MLCOP A2);
%calculates 50% power for each
pfreq50=f(2)*find(cumsum(G(LPS:HPS))>=power*0.5,1,'first'); 
pfreq50ap=f(2)*find(cumsum(Gap(LPS:HPS))>=powerap*0.5,1,'first'); 
pfreq50ml=f(2)*find(cumsum(Gml(LPS:HPS))>=powermr0.5,1,'first');
%calculates 95% power for each
pfreq95=f(2)*find(cumsum(G(LPS:HPS))>=power*0.95,1,'first'); 
pfreq95ap=f(2)*find(cumsum(Gap(LPS:HPS))>=powerap*0.95,1,'first'); 
pfreq95ml=f(2)*find(cumsum(Gml(LPS:HPS))>=powermro.95,1,'first'); 
%Calculates centroidal frequency
cfreq=(sum((((LPS:HPS)*df).A2).*G(LPS:HPS)')/power) A0.5; 
cfreqap=(sum((((LPS:HPS).*df).A2).*Gap(LPS:HPS)')/powerap) A0.5; 
cfreqml=(sum((((LPS:HPS).*df).A2),*Gml(LPS:HPS)')/powerml).A0.5;
%calculates frequency dispersion 
freqd=(1-
sum(((LPS:HPS).*df).*G(LPS:HPS)')A2/(power*sum((((LPS:HPS).*df).A2).*G(LPS
:HPS)')))A0.5;
freqdap=(1-
sum(((LPS:HPS).*df).*Gap(LPS:HPS)')A2/(powerap*sum((((LPS:HPS).*df).A2).*G
ap(LPS:HPS)')))A0.5;
freqdml=(1-
sum(((LPS:HPS).*df) *Gml(LPS:HPS)')A2/(powerml*sum((((LPS:HPS).*df) A2).*G 
ml(LPS:HPS)')))A0.5;

% 1 2 3 4 5 6 7 8
% 9 10 11 12 13
14 15 16 17 18 19 20 21 22 23 24 25
26 27 28 29 30 31 32 33 34 35 36
37 38 39 40 41 42 43 44 45
output = { move meanrd meanap meanml stddevrd stddevap stddevml rng rngap 
rngml mdist mdistap mdistml rdist rdistap rdistml totextotexap totexml mvelo 
mveloap mveloml mfreq mfreqap mfreqml areacc areasway areace FD cc 
FD ce power powerap powerml pfreq50 pfreq50ap pfreq50ml pfreq95 pfreq95ap 
pfreq95ml cfreq cfreqap cfreqml freqd freqdap freqdml}; 
cd([Loc_Processed,subject,'V,subject,trial,'\ENGRUNITS\']);
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if row==2
H = {'Move1 'meanrd' 'meanap' 'meanml' 'stddevrd' 'stddevap' 'stddevml' 'rng' 

'rngap' 'rngml' 'mdist' 'mdistap' 'mdistml' 'rdist' 'rdistap' 'rdistml' 'totex' 'totexap' 
'totexml' 'mvelo' 'mveloap' 'mveloml' 'mfreq' 'mfreqap' 'mfreqml' 'areacc'
'areasway' 'areace' 'FD_cc' 'FD_ce' 'power' 'powerap' 'powerml' 'pfreq50' 
'pfreq50ap' 'pfreq50ml' 'pfreq95' 'pfreq95ap' 'pfreq95ml' 'cfreq' 'cfreqap' 'cfreqml' 
'freqd' 'freqdap' 'freqdml'};

xlswrite([subject,trial,rawid, '_metrics.xls'], H,'Sheet1','A1 :AS1'); 
end
xlswrite([subject,'_',trial,'_',rawid,'_metrics.xls'],output,'Sheetl',['A',row,':AS',row]); 

clear

function [dat, feetcop, pweight]=tekmat_processor(filename,calflag)

X_ML=1;
Y_AP=2;
calflag=calflag*0;
%Note: this loadfsx2 is modified from the original to store data in 3d 
% array
[ m_data, m Rows, m Cols, m_frame] = loadfsx2( [filename,'.fsx'], calflag);

% Saves Raw Data 
rm_data=m_data;

(̂ **********************************************************

% Remove Saturated frames and interpolate 
if isempty(find(m_data>254,1)) 

badr=[]; 
else

badr=find(histc(floor((find(m_data>254)- 
1 )./(m_Rows*m_Cols))+1,0.5:size(m_data,3)+0.5)); 
end

if ~isempty(badr) 
i=0;

% Eliminates Bad Frames at beginning 
if badr(1) == 1 

i=i+1; 
j=0;
while badr(i+j)+1 == badr(i+j+1) 

j=j+1; 
end
for c=i:i+j

m_data(:,: ,c)=m_data(:,:, i+j+1);
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end
i=i+j;

end

% Eliminates bad frames at end 
if badr(length(badr)) == size(m_data,3) 

j=length(badr); 
while badr(j)-1 == badr(j-1)

j=J-i;
end
for c=length(badr):-1 :j

m_data(:,:, bad r(c))=m_data(:,:, bad r(j)-1); 
end
badr=badr(1:j-1);

end

while i < length(badr) 
i=i+1;
% Eliminates other bad frames 
j=0;
flg_badc=1;
while i+j<length(badr) && flg_badc 

if badr(i+j)+1 == badr(i+j+1) 
flg_badc=1; 
j—j+1; 

else 
flg_badc=0; 

end 
end

for c=i:i+j
m_data(:,:,badr(c))=(m_data(:,:,badr(i)-1)*(i+j-

c+1)+m_data(:,:,badr(i+j)+1)*(c-i+1))./G+2);
end
i=i+j;

end
end

< ^ * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

<̂ ********************************************************

% Eliminate stray cells
%_________________________________________________
%|_17| 111____________3_________|_19|_25|
%|_16|_10|____________2_________|_18|_24|
%l  I I I I I
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%l 7 | 6 |
%l I I 
% L_I I.

I 8 | 9 |

%| 15 | 12 |
%|_14| 13|
%

4
5

|_20|_22| 
| 211_23|

% The above map of tekmat display number that correspond to if statements 
% below. Therefor the corresponding code checks that section of the map 
% for stray sensels

for k=1 :size(m_data,3)

if ~isempty(find(m_data(:,:,k)<255 & m_data(:,:,k)>0,1))

[r,c,v]=find(m_data(:,:,k)<255 & m_data(:,:,k)>0); 
sr=sortrows([r c v],1); 
hsr=histc(sr(:,1),0.5:m_Rows+.5); 
hsc=histc(sr(:,2),0.5:m_Cols+.5); 
rhsr=find(hsr<5 & hsr>0); 
rhsc=find(hsc<5 & hsc>0); 
dr=[rhsr;rhsc]; 
for m=1 :length(dr) 

if m>length(rhsr)
rdr=find(sr(:,2)==dr(m));

else
rdr=find(sr(:,1 )==dr(m)); 

end
for n=1:length(rdr)

i=sr(rdr(n),1);
j=sr(rdr(n),2);
% for i=1 :m_Rows 
%
% forj=1:m_Cols

if i > 2 && i < m_Rows-1 && j > 2 && j < m_Cols-1 
A = m_data(i-2,j-2,k)==0 && m_data(i-2,j-1,k)==0 && m_data(i- 

2,j,k)==0 && m_data(i-2,j+1,k)==0 && m_data(i-2,j+2,k)==0;
B = m_data(i-1,j-2,k)==0 && m_data(i-1 ,j-1,k)==0 && m_data(i- 

1,j,k)==0 && m_data(i-1 j+1,k)==0 && m_data(i-1 ,j+2,k)==0;
C = m_data(i,j-2,k)==0 && m_data(i,j-1,k)==0 && m_data(i,j,k)~=0 

&& m_data(i,j+1,k)==0 && m_data(i,j+2,k)==0;

%

% 1
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D = m_data(i+1,j-2,k)==0 && m_data(i+1,j-1,k)==0 && 
m_data(i+1 j,k)==0 && m_data(i+1 j+1,k)==0 && m_data(i+1,j+2,k)==0;

E = m_data(i+2,j-2,k)==0 && m_data(i+2j-1,k)==0 && 
m_data(i+2,j,k)==0 && m_data(i+2j+1,k)==0 && m_data(i+2,j+2,k)==0;

% 2
elseif i > 1 && i < m_Rows-1 && j > 2 && j < m_Cols-1 

A = 1;
B = m_data(i-1j-2,k)==0 && m_data(i-1,j-1,k)==0 && m_data(i-

1,j,k)==0 && m_data(i-1,j+1,k)==0 && m_data(i-1,j+2,k)==0;
C = m_data(i,j-2,k)==0 && m_data(i,j-1,k)==0 && m_data(i,j,k)~=0 

&& m_data(ij+1,k)==0 && m_data(i,j+2,k)==0;
D = m_data(i+1,j-2,k)==0 && m_data(i+1 j-1,k)==0 && 

m_data(i+1,j,k)==0 && m_data(i+1,j+1,k)==0 && m_data(i+1,j+2,k)==0;
E = m_data(i+2,j-2,k)==0 && m_data(i+2,j-1,k)==0 && 

m_data(i+2,j,k)==0 && m_data(i+2,j+1,k)==0 && m_data(i+2,j+2,k)==0;
%3

elseif i == 1 && i < m_Rows-1 && j > 2 && j < m_Cols-1 
A = 1;
B = 1;
C = m_data(i,j-2,k)==0 && m_data(i,j-1 ,k)==0 && m_data(ij,k)~=0 

&& m_data(i,j+1,k)==0 && m_data(ij+2,k)==0;
D = m_data(i+1 ,j-2,k)==0 && m_data(i+1 j-1,k)==0 && 

m_data(i+1 j,k)==0 && m_data(i+1,j+1,k)==0 && m_data(i+1,j+2,k)==0;
E = m_data(i+2,j-2,k)==0 && m_data(i+2,j-1,k)==0 && 

m_data(i+2,j,k)==0 && m_data(i+2j+1,k)==0 && m_data(i+2,j+2,k)==0;
%4

elseif i > 2 && i < m Rows && j > 2 && j < m_Cols-1 
A = m_data(i-2,j-2,k)==0 && m_data(i-2,j-1 ,k)==0 && m_data(i-

2,j,k)==0 && m_data(i-2,j+1,k)==0 && m_data(i-2,j+2,k)==0;
B = m_data(i-1,j-2,k)==0 && m_data(i-1,j-1,k)==0 && m_data(i-

1,j,k)==0 && m_data(i-1,j+1,k)==0 && m_data(i-1,j+2,k)==0;
C = m_data(i,j-2,k)==0 && m_data(ij-1,k)==0 && m_data(i,j,k)~=0 

&& m_data(i,j+1,k)==0 && m_data(i,j+2,k)==0;
D = m_data(i+1 j-2,k)==0 && m_data(i+1,j-1,k)==0 && 

m_data(i+1,j,k)==0 && m_data(i+1,j+1,k)==0 && m_data(i+1,j+2,k)==0;
E = 1;
%5

elseif i > 2 && i == m_Rows && j > 2 && j < m_Cols-1 
A = m_data(i-2,j-2,k)==0 && m_data(i-2,j-1,k)==0 && m_data(i-

2,j,k)==0 && m_data(i-2,j+1,k)==0 && m_data(i-2,j+2,k)==0;
B = m_data(i-1 j-2,k)==0 && m_data(i-1,j-1,k)==0 && m_data(i- 

1 ,j,k)==0 && m_data(i-1,j+1,k)==0 && m_data(i-1,j+2,k)==0;
C = m_data(ij-2,k)==0 && m_data(i,j-1,k)==0 && m_data(i,j,k)~=0 

&& m_data(ij+1,k)==0 && m_data(ij+2,k)==0;
D = 1;
E = 1;
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%6
elseif i > 2 && i < m_Rows-1 && j > 1 && j < m_Cols-1 

A = m_data(i-2,j-1,k)==0 && m_data(i-2j,k)==0 && m_data(i- 
2,j+1,k)==0 && m_data(i-2,j+2,k)==0;

B = m_data(i-1 j-1 ,k)==0 && m_data(i-1 ,j,k)==0 && m_data(i- 
1 j+1 ,k)==0 && m_data(i-1 j+2,k)==0;

C = m_data(i,j-1,k)==0 && m_data(i,j,k)~=0 && m_data(i,j+1,k)==0 
&& m_data(i j+2,k)==0;

D = m_data(i+1 j-1 ,k)==0 && m_data(i+1,j,k)==0 && 
m_data(i+1 j+1,k)==0 && m_data(i+1,j+2,k)==0;

E = m_data(i+2,j-1,k)==0 && m_data(i+2,j,k)==0 && 
m_data(i+2,j+1,k)==0 && m_data(i+2,j+2,k)==0;

%7
elseif i > 2 && i < m_Rows-1 && j == 1 && j < m_Cols-1 

A = m_data(i-2j,k)==0 && m_data(i-2j+1,k)==0 && m_data(i-
2,j+2,k)==0;

B = m_data(i-1,j,k)==0 && m_data(i-1,j+1,k)==0 && m_data(i-
1 ,j+2,k)==0;

C = m_data(ij,k)~=0 && m_data(ij+1,k)==0 && m_data(i,j+2,k)==0; 
D = m_data(i+1 j,k)==0 && m_data(i+1,j+1,k)==0 && 

m_data(i+1 ,j+2,k)==0;
E = m_data(i+2,j,k)==0 && m_data(i+2 j+1 ,k)==0 && 

m_data(i+2,j+2,k)==0;

%8
elseif i > 2 && i < m_Rows-1 && j > 2 && j < mCols  

A = m_data(i-2,j-2,k)==0 && m_data(i-2,j-1,k)==0 && m_data(i- 
2,j,k)==0 && m_data(i-2j+1,k)==0;

B = m_data(i-1 j-2,k)==0 && m_data(i-1 j-1 ,k)==0 && m_data(i- 
1 ,j,k)==0 && m_data(i-1 j+1 ,k)==0;

C = m_data(ij-2,k)==0 && m_data(ij-1,k)==0 && m_data(ij,k)~=0 
&& m_data(ij+1,k)==0;

D = m_data(i+1 j-2,k)==0 && m_data(i+1 j-1,k)==0 && 
m_data(i+1 j,k)==0 && m_data(i+1 j+1 ,k)==0;

E = m_data(i+2j-2,k)==0 && m_data(i+2j-1,k)==0 && 
m_data(i+2j,k)==0 && m_data(i+2j+1,k)==0;

%9
elseif i > 2 && i < m_Rows-1 && j > 2 && j == m_Cols 

A = m_data(i-2j-2,k)==0 && m_data(i-2j-1,k)==0 && m_data(i-
2j,k)==0;

B = m_data(i-1 j-2,k)==0 && m_data(i-1 j-1 ,k)==0 && m_data(i-
1 j,k)==0;

C = m_data(ij-2,k)==0 && m_data(ij-1,k)==0 && m_data(ij,k)~=0;
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D = m_data(i+1,j-2,k)==0 && m_data(i+1,j-1,k)==0 && 
m_data(i+1,j,k)==0;

E = m_data(i+2,j-2,k)==0 && m_data(i+2j-1,k)==0 && 
m_data(i+2,j,k)==0;

%10
elseif i > 1 && i < m_Rows-1 && j > 1 && j < m_Cols-1

A = 1;
B = m_data(i-1,j-1,k)==0 && m_data(i-1 ,j,k)==0 && m_data(i- 

1,j+1,k)==0 && m_data(i-1 j+2,k)==0;
C = m_data(i,j-1,k)==0 && m_data(i,j,k)~=0 && m_data(ij+1,k)==0 

&& m_data(i j+2,k)==0;
D = m_data(i+1 j-1 ,k)==0 && m_data(i+1 ,j,k)==0 && 

m_data(i+1 j+1 ,k)==0 && m_data(i+1 j+2,k)==0;
E = m_data(i+2j-1 ,k)==0 && m_data(i+2 j,k)==0 && 

m_data(i+2j+1,k)==0 && m_data(i+2j+2,k)==0;

%11
elseif i == 1 && i < m_Rows-1 && j > 1 && j < m_Cols-1

A = 1;
B = 1;
C = m_data(ij-1,k)==0 && m_data(ij,k)~=0 && m_data(ij+1,k)==0 

&& m_data(i j+2,k)==0;
D = m_data(i+1 j-1 ,k)==0 && m_data(i+1 j,k)==0 && 

m_data(i+1 j+1,k)==0 && m_data(i+1 j+2,k)==0;
E = m_data(i+2j-1,k)==0 && m_data(i+2j,k)==0 && 

m_data(i+2j+1,k)==0 && m_data(i+2j+2,k)==0;

%12
elseif i > 2 && i < m_Rows && j > 1 && j < m_Cols-1

A = m_data(i-2j-1,k)==0 && m_data(i-2j,k)==0 && m_data(i- 
2j+1,k)==0 && m_data(i-2j+2,k)==0;

B = m_data(i-1 j-1 ,k)==0 && m_data(i-1 j,k)==0 && m_data(i- 
1 j+1 ,k)==0 && m_data(i-1 j+2,k)==0;

C = m_data(ij-1,k)==0 && m_data(ij,k)~=0 && m_data(ij+1,k)==0 
&& m_data(i j+2,k)==0;

D = m_data(i+1 j-1 ,k)==0 && m_data(i+1 j,k)==0 && 
m_data(i+1 j+1 ,k)==0 && m_data(i+1 j+2,k)==0;

E = 1;

%13
elseif i > 2 && i == m_Rows && j > 1 && j < m_Cols-1

A = m_data(i-2j-1,k)==0 && m_data(i-2j,k)==0 && m_data(i- 
2j+1 ,k)==0 && m_data(i-2j+2,k)==0;

B = m_data(i-1 j-1 ,k)==0 && m_data(i-1 j,k)==0 && m_data(i- 
1 j+1 ,k)==0 && m_data(i-1 j+2,k)==0;
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C = m_data(i,j-1,k)==0 && m_data(iIj,k)~=0 && m_data(ij+1,k)==0 
&& m_data(i,j+2,k)==0;

D = 1;
E = 1;

%14
elseif i > 2 && i == m_Rows && j ==1 && j < m_Cols-1 

A = m_data(i-2,j,k)==0 && m_data(i-2,j+1,k)==0 && m_data(i-
2,j+2,k)==0;

B = m_data(i-1 j,k)==0 && m_data(i-1 j+1,k)==0 && m_data(i-
1,j+2,k)==0;

C = m_data(i,j,k)~=0 && m_data(ij+1,k)==0 && m_data(i,j+2,k)==0; 
D = 1;
E = 1;

%15
elseif i > 2 && i < m Rows && j == 1 && j < m_Cols-1 

A = m_data(i-2,j,k)==0 && m_data(i-2,j+1,k)==0 && m_data(i-
2j+2,k)==0;

B = m_data(i-1,j,k)==0 && m_data(i-1 j+1,k)==0 && m_data(i-
1j+2,k)==0;

C = m_data(ij,k)~=0 && m_data(i,j+1 ,k)==0 && m_data(ij+2,k)==0;
D = m_data(i+1 j,k)==0 && m_data(i+1,j+1,k)==0 && 

m_data(i+1 ,j+2,k)==0;
E = 1;

%16
elseif i > 1 && i < m_Rows-1 && j == 1 && j < m_Cols-1 

A = 1;
B = m_data(i-1 ,j,k)==0 && m_data(i-1,j+1Jk)==0 && m_data(i-

1 ,j+2,k)==0;
C = m_data(ij,k)~=0 && m_data(i,j+1 ,k)==0 && m_data(i,j+2,k)==0;
D = m_data(i+1 j,k)==0 && m_data(i+1,j+1,k)==0 && 

m_data(i+1,j+2,k)==0;
E = m_data(i+2,j,k)==0 && m_data(i+2,j+1,k)==0 && 

m_data(i+2,j+2,k)==0;

%17
elseif i == 1 && i < m_Rows-1 && j == 1 && j < m_Cols-1 

A = 1;
B = 1;
C = m_data(i,j,k)~=0 && m_data(i,j+1,k)==0 && m_data(i,j+2,k)==0;
D = m_data(i+1 j,k)~=0 && m_data(i+1,j+1,k)==0 && 

m_data(i+1 ,j+2,k)==0;
E = m_data(i+2,j,k)==0 && m_data(i+2 j+1 ,k)==0 && 

m_data(i+2j+2,k)==0;

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



230

%18
elseif i > 1 && i < m_Rows-1 && j > 2 && j < m_Cols

A = 1;
B = m_data(i-1,j-2,k)==0 && m_data(i-1 j-1 ,k)==0 && m_data(i- 

1 ,j,k)==0 && m_data(i-1 j+1 ,k)==0;
C = m_data(ij-2,k)==0 && m_data(ij-1,k)==0 && m_data(ij,k)~=0 

&& m_data(ij+1,k)==0;
D = m_data(i+1 j-2,k)==0 && m_data(i+1 j-1,k)==0 && 

m_data(i+1 j,k)==0 && m_data(i+1 j+1 ,k)==0;
E = m_data(i+2j-2,k)==0 && m_data(i+2j-1,k)==0 && 

m_data(i+2j,k)==0 && m_data(i+2j+1,k)==0;

%19
elseif i == 1 && i < m_Rows-1 && j > 2 && j < m_Cols

A = 1;
B = 1;
C = m_data(ij-2,k)==0 && m_data(ij-1,k)==0 && m_data(ij,k)~=0 

&& m_data(i j+1 ,k)==0;
D = m_data(i+1 j-2,k)==0 && m_data(i+1 j-1 ,k)==0 && 

m_data(i+1 j,k)==0 && m_data(i+1 j+1 ,k)==0;
E = m_data(i+2j-2,k)==0 && m_data(i+2j-1,k)==0 && 

m_data(i+2j,k)==0 && m_data(i+2j+1,k)==0;

%20
elseif i > 2 && i < m_Rows && j > 2 && j < m_Cols

A = m_data(i-2j-2,k)==0 && m_data(i-2j-1,k)==0 && m_data(i- 
2j,k)==0 && m_data(i-2 j+1 ,k)==0;

B = m_data(i-1 j-2,k)==0 && m_data(i-1 j-1 ,k)==0 && m_data(i- 
1 j,k)==0 && m_data(i-1 j+1,k)==0;

C = m_data(ij-2,k)==0 && m_data(ij-1,k)==0 && m_data(ij,k)~=0 
&& m_data(i j+1 ,k)==0;

D = m_data(i+1 j-2,k)==0 && m_data(i+1 j-1 ,k)==0 && 
m_data(i+1 j,k)==0 && m_data(i+1 j+1 ,k)==0;

E = 1;

%21
elseif i > 2 && i == m_Rows && j > 2 && j < m_Cols

A = m_data(i-2 j-2,k)==0 && m_data(i-2 j-1 ,k)==0 && m_data(i- 
2j,k)==0 && m_data(i-2j+1,k)==0;

B = m_data(i-1 j-2,k)==0 && m_data(i-1 j-1 ,k)==0 && m_data(i- 
1 j,k)==0 && m_data(i-1 j+1 ,k)==0;

C = m_data(ij-2,k)==0 && m_data(ij-1,k)==0 && m_data(ij,k)~=0 
&& m_data(ij+1,k)==0;

D = 1;
E = 1;
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%22
elseif i > 2 && i < m_Rows && j > 2 && j == m_Cols 

A = m_data(i-2j-2,k)==0 && m_data(i-2,j-1,k)==0 && m_data(i-
2j,k)==0;

B = m_data(i-1j-2,k)==0 && m_data(i-1,j-1,k)==0 && m_data(i-
1,j,k)==0;

C = m_data(i,j-2,k)==0 && m_data(ij-1,k)==0 && m_data(i,j,k)~=0; 
D = m_data(i+1,j-2,k)==0 && m_data(i+1 j-1,k)==0 && 

m_data(i+1,j,k)==0;
E = 1;

%23
elseif i > 2 && i == m_Rows && j > 2 && j == m_Cols 

A = m_data(i-2,j-2,k)==0 && m_data(i-2,j-1 ,k)==0 && m_data(i-
2,j,k)==0;

B = m_data(i-1 j-2,k)==0 && m_data(i-1 j-1 ,k)==0 && m_data(i-
1 j,k)==0;

C = m_data(ij-2,k)==0 && m_data(ij-1,k)==0 && m_data(ij,k)~=0; 
D = 1;
E = 1;

%24
elseif i > 1 && i < m_Rows-1 && j > 2 && j == m_Cols 

A = 1;
B = m_data(i-1 j-2,k)==0 && m_data(i-1 j-1,k)==0 && m_data(i-

1 j,k)==0;
C = m_data(ij-2,k)==0 && m_data(ij-1,k)==0 && m_data(ij,k)~=0; 
D = m_data(i+1 j-2,k)==0 && m_data(i+1 j-1,k)==0 && 

m_data(i+1 j,k)==0;
E = m_data(i+2j-2,k)==0 && m_data(i+2j-1,k)==0 && 

m_data(i+2j,k)==0;

%25
elseif i == 1 && i < m_Rows-1 && j > 2 && j == m_Cols 

A = 1;
B = 1;
C = m_data(ij-2,k)==0 && m_data(ij-1,k)==0 && m_data(ij,k)~=0; 
D = m_data(i+1 j-2,k)==0 && m_data(i+1 j-1,k)==0 && 

m_data(i+1 j,k)==0;
E = m_data(i+2j-2,k)==0 && m_data(i+2j-1,k)==0 && 

m_data(i+2j,k)==0;

%Default for Error SHould never get here 
elseif 1
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error(['Bad Program: i = ',num2str(i),' j = ', num2str(j),' k = ',
num2str(k)])

end
if A && B && C && D && E 

m_data(i,j,k)=0; 
end 

end 
end 

end 
end
( ^ * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

% Vectorized Calculation of APCOP and MLCOP 
FRAMEs=1 :m_frame;

COLs=1:m_Cols;
ROWs=1 :m_Rows;

rower(1 :m_frame)=1;

COLs_3d=COLs'*rower;
ROWs_3d=ROWs'*rower;

MLCOP=sum(squeeze(sum(m_data(:,FRAMEs),X_ML)).*(COLs_3d),1)./sum(sq 
ueeze(sum(m_data(:,FRAMEs),X_ML)),1);
APCOP=sum(squeeze(sum(m_data(:,:,FRAMEs),Y_AP)).*(ROWs_3d),1)./sum(s 
queeze(sum(m_data(:,:,FRAMEs),Y_AP)),1);

dat=[APCOP; MLCOP]'; 
dat=dat.*5.08; % Conversion to mm
( ^ * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

< ^ * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  

% Foot Analysis

% Seperate Feet

right_side_left_foot=zeros(size(m_data,3), 1); 
left_side _left_foot=zeros(size(m_data,3), 1); 
front_sideJeft_foot=zeros(size(m_data,3), 1); 
back_side_left_foot=zeros(size(m_data,3),1); 
right_side_right_foot=zeros(size(m_data,3), 1);
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left_side_right_foot=zeros(size(m_data,3),1); 
front_side_right_foot=zeros(size(m_data,3), 1); 
back_side_right_foot=zeros(size(m_data,3), 1); 
for k=1:size(m_data,3)

if ~isempty(find(m_data(:,:,k),1))
[r,c,v]=find(m_data(:,:,k));
feet_division=(max(c)-min(c))/2+min(c);
c=sort(c);

end
if exist(,feet_division,,,var')==1 

if ~isempty(find(c>feet_division, 1)) 
xr=find(c>feet_division,1,'first'); 
right_side_left_foot(k)=c(xr); 

end

if ~isempty(find(c>feet_division,1)) 
xr=find(c>feet_division,1,'last'); 
left_side_left_foot(k)=c(xr); 

end

if ~isempty(find(c<feet_division,1)) 
xr=find(c<feet_division,1,'first'); 
right_side_right_foot(k)=c(xr); 

end

if ~isempty(find(c<feet_division,1)) 
xr=find(c<feet_division,1,'last'); 
left_side_right_foot(k)=c(xr); 

end 
end

leftfoot=imcrop(m_data(:,:,k),[right_side_left_foot(k) 1 left_side_left_foot(k)- 
right_side_left_foot(k) m_Rows]);

rightfoot=imcrop(m_data(:,:,k),[right_side_right_foot(k) 1 
left_side_right_foot(k)-right_side_right_foot(k) m_Rows]);

if ~isempty(find(leftfoot,1))
[r,c,v]=find(leftfoot);
r=sort(r);

if ~isempty(find(r,1,'first')) 
xr=find(r,1,'first'); 
back_side_left_foot(k)=r(xr); 

end
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if ~isempty(find(r,1 ,'last')) 
xr=find(r, 1 ,'last'); 
front_side_left_foot(k)=r(xr); 

end 
end
if ~isempty(find(rightfoot,1)) 

[r,c,v]=find(rightfoot); 
r=sort(r);

if ~isempty(find(r,1,'first')) 
xr=find(r,1,'first'); 
back_side_right_foot(k)=r(xr); 

end

if ~isempty(find(r,1 ,'last')) 
xr=find(r, 1 ,'last'); 
front_side_right_foot(k)=r(xr); 

end 
end 

end

left_foot_row_size=max(front_side_left_foot)-min(back_side_left_foot)+1; 
if left_foot_row_size > m_Rows 

left_foot_row_size=m_Rows; 
end

left_foot_col_size=max(left_side_left_foot)-min(right_sideJeft_foot)+1; 
if left_foot_col_size > m Cols 

left_foot_col_size=m_Cols; 
end

right_foot_row_size=max(front_side_right_foot)-min(back_side_right_foot)+1; 
if right_foot_row_size > m Rows 

right_foot_row_size=m_Rows; 
end

right_foot_col_size=max(left_side_right_foot)-min(right_side_right_foot)+1; 
if right_foot_col_size > m_Cols 

right_foot_col_size=m_Cols; 
end

leftfoot=zeros(left_foot_row_size,left_foot_col_size,m_frame); 
rig htfoot=zeros(rig ht_foot_row_size, right_foot_col_size, m_frame); 
for k=1:size(m_data,3)
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if min(right_side_left_foot)==0 && min(back_side_left_foot)==0 
leftfoot(:,:,k)=imcrop(m_data(:,:,k),[min(right_side_left_foot)+1 

min(back_side_left_foot)+1 max(left_side_left_foot)-min(right_side_left_foot) 
max(front_side_left_foot)-min(back_side_left_foot)]); 

elseif min(back_side_left_foot)==0 
leftfoot(:,:,k)=imcrop(m_data(:,:,k),[min(right_side_left_foot) 

min(back_side_left_foot)+1 max(left_side_left_foot)-min(right_side_left_foot) 
max(front_side_left_foot)-min(back_sideJeft_foot)]); 

elseif min(right_side_left_foot)==0 
leftfoot(:,:,k)=imcrop(m_data(:,:,k),[min(right_side_left_foot)+1 

min(back_side_left_foot) max(left_side_left_foot)-min(right_side_left_foot) 
max(front_side_left_foot)-min(back_side_left_foot)]); 

else
leftfoot(:,:,k)=imcrop(m_data(:,:,k),[min(right_sideJeft_foot) 

min(back_side_left_foot) max(left_side_left_foot)-min(right_sideJeft_foot) 
max(front_side_left_foot)-min(back_side_left_foot)]); 

end

if min(right_side_right_foot)==0 && min(back_side_right_foot)==0 
rightfoot(:,:,k)=imcrop(m_data(:,:,k),[min(right_side_right_foot)+1 

min(back_side_right_foot)+1 max(left_side_right_foot)-min(right_side_right_foot) 
max(front_side_right_foot)-min(back_side_right_foot)]); 

elseif min(back_side_right_foot)==0 
rightfoot(:,:,k)=imcrop(m_data(:,:)k),[min(right_side_right_foot) 

min(back_side_right_foot)+1 max(left_side_right_foot)-min(right_side_right_foot) 
max(front_side_right_foot)-min(back_side_right_foot)]); 

elseif min(right_side_right_foot)==0 
rightfoot(:,:,k)=imcrop(m_data(:,:,k),[min(right_side_right_foot)+1 

min(back_side_right_foot) max(left_side_right_foot)-min(right_side_right_foot) 
max(front_side_right_foot)-min(back_side_right_foot)]); 

else
rightfoot(:,:,k)=imcrop(m_data(:,:,k),[min(right_side_right_foot) 

min(back_side_right_foot) max(left_side_right_foot)-min(right_side_right_foot) 
max(front_side_right_foot)-min(back_side_right_foot)]);

end
end

if size(leftfoot,1)==1 || size(leftfoot,2)==1 
leftfoot=zeros(10,10,size(leftfoot,3)); 

end

if size(rightfoot,1)==1 || size(rightfoot,2)==1 
rightfoot=zeros(10,10,size(rightfoot,3)); 

end
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( ^ * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

% Vectorized Calculation of APCOP and MLCOP for Each Foot 
rower(1 :m_frame)=1;

R_COLs=1 :size(rightfoot,2);
R_ROWs=1 :size(rightfoot, 1);

R_COLs_3d=R_COLs'*rower;
R_ROWs_3d=R_ROWs'*rower;

L_COLs=1 :size(leftfoot,2);
L_ROWs=1 :size(leftfoot,1);

L_COLs_3d=L_COLs'*rower;
L_ROWs_3d=L_ROWs'* rower;

LMLCOP=sum(squeeze(sum(leftfoot,X_ML)) *(L_COLs_3d),1)./sum(squeeze(su 
m(leftfoot,X_ML)),1);
LAPCOP=sum(squeeze(sum(leftfoot,Y_AP)) *(L_ROWs_3d),1)./sum(squeeze(su 
m(leftfoot,Y_AP)), 1);

RMLCOP=sum(squeeze(sum(rightfoot,X_ML)).*(R_COLs_3d),1)./sum(squeeze(s 
um(rightfoot,X_ML)),1 );
RAPCOP=sum(squeeze(sum(rightfoot,Y_AP)) *(R_ROWs_3d),1)./sum(squeeze( 
sum(rightfoot,Y_AP)),1);

feetcop=[RAPCOP; RMLCOP; LAPCOP; LMLCOP]'; 
feetcop=feetcop.*5.08; % Conversion to mm

*****************************************************%

^ * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  

% Subject Weight Feet Distrubution

% Total Weights
totalweight=squeeze(sum(sum(m_data,1),2)); 
leftweight=squeeze(sum(sum(leftfoot, 1 ),2)); 
rightweight=squeeze(sum(sum(rightfoot, 1 ),2));

% Percentages between feet 
pleftweight=leftweight./totalweight; 
prightweight=rightweight./totalweight; 
pweight=[prightweight pleftweight];
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*̂****************************************************

save(filename,,APCOP', 'MLCOP', ,m_data,1 ,rm_datal, ,m_Rows', 'mmols', 
'leftfoot', 'rightfoot', 'mjrame', 'filename', 'RAPCOP', 'RMLCOP', 'LAPCOP', 
'LMLCOP', 'totalweight', 'leftweight', 'rightweight', 'pleftweight', 'prightweight');

clear X_ML Y_AP filename m_data m_Rows m_Cols m_frame smdat sm_data i j 
clear calflag FRAMEs COLs ROWs rower COLs_3d ROWs_3d APCOP MLCOP 
rm_data
clear RMLCOP RAPCOP LAPCOP LMLCOP totalweight leftweight rightweight 
clear pleftweight prightweight R COLs R_ROWs L_COLs L_ROWs R_COLs_3d 
clear R_ROWs_3d L_COLs_3d L_ROWs_3d leftfoot rightfoot feet_division 
clear right_side_right_foot front_side_right_foot back_side_right_foot 
clear left_side_right_foot right_side_left_foot front_side_left_foot 
clear back_side_left_foot left_side_left_foot r c v A B C D E m n s r h s r  
clear hsc dr xr badr rhsr rhsc k
function [ m data, mRows, m_Cols, m_frame, m_RowSpacing,
m_ColSpacing] = loadfsx2( filename, calflag)

% load fsx, faster
% mov = loadfsx2( filename, calflag)
% calflag = 0 for loading of raw values 
% calflag = 1 for loading calibrated values

if ( exist('calflag','var') == 0) 
calflag = 1 ; 

end

FALSE = 0;
TRUE = 1 ;

MOVIE_END_OF_FRAME = 255 ;
NORMAL_HEADER_END_MARK = 186 ;
HISPEED_HEADER_END_MARK = 187;

% wait for file to be written 
iji=0;
while exist(filename,'file')==0 && iji < 100 

iji=iji+1; 
pause(0.1) 

end
fid = fopen( filename, 'r');

if ( fid == -1) 
error(['File ' filename ' not found']);

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



238
end

bd = fread( fid, Inf);

bdi = 1 ;

fclose(fid);

head = " ;  
b = 0 ;
while ( b ~= N O RM AL_H E AD E R E  N D M  ARK && b ~= 
HISPEEDHEADERENDMARK)  

b = bd(bdi); bdi=bdi+1 ;
%disp([ num2str(b)]); 
head = [ head sprintf('%c', b)]; 

end

%head
%disp('End of header found');
% b = bd(bdi); 
bdi=bdi+1 ;

mRows  
mCols
m_RowSpacing 
m_ColSpacing
% m DesiredAspect = str2double( exstr( head, 'DESIRED_ASPECT')); 
m SenselArea = str2double( exstr( head, 'SENSEL_AREA'));
% mNoiseThreshold = str2double( exstr( head, 'NOISE_THRESHOLD')); 
m_FramesFromHeader = str2double( exstr( head, 'FRAMES')); 
m_ScaleFactor = str2double( exstr( head, 'SCALE_FACTOR')); 
m Exponent = str2double( exstr( head, 'EXPONENT'));
% m_SecondsPerFrame = str2double( exstr( head, 
'SECONDS_PER_FRAME'));
m_Framelnfo = str2double( exstr( head, 'FRAMEJNFO')); 
m C A L F P M  = str2double( exstr( head, 'CAL_FPI_1')); 
m_CAL_RPI_1 = str2double( exstr( head, 'CAL_RSI_1')); 
mJJnits = exstr( head, 'UNITS');

m_frame = m_FramesFromHeader;

if(m_Units(1) == 'r') 
calflag = 0; 

end

if ( calflag == 0 )

= str2double( exstr( head, 'ROWS'));
= str2double( exstr( head, 'COLS'));

= str2double( exstr( head, 'ROW_SPACING')); 
= str2double( exstr( head, 'COL_SPACING'));
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%disp(['Loading raw - ignoring calibration']); 
scale = 1.0; 
exponent = 1 ; 

else
if(~isempty(m_CAL_FPI_1) && ~isempty(m_CAL_RPI_1)) 

exponent = 1 ;
scale = m_CAL_FPI_1/(m_CAL_RPI_1 * m_SenselArea); 

end

if(~isempty(m_ScaleFactor) && ~isempty(m_Exponent)) 
scale = m_ScaleFactor; 
exponent = m_Exponent; 

end 
end

if isempty(m_Framelnfo) 
m_Framelnfo = 0; 

end

m_data=zeros( m_Rows, m Cols, m_FramesFromHeader);

%disp(['Frames to load:' num2str(m_FramesFromHeader)]);
%disp('Loading...');
pause(0.0001);

for f=0:m_FramesFromHeader-1 
%disp([' Frame:' num2str(f)]);
PreviousEndOfFrame = FALSE ;
IsFramelnfo = FALSE ; 
cont = TRUE ; 
while ( cont == TRUE) 

low = bd(bdi); bdi=bdi+1 ;

if ( low ~= MOVIE_END_OF_FRAME) 
PreviousEndOfFrame = FALSE ; 
hi = bd(bdi); bdi=bdi+1 ; 
loc = hi * 256 + low ;

if (loc > (m_Cols * m_Rows)) 
hi 
loc 
low 
cont 
f
mCols  
m Rows
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return;
%error('Bad Location Data: 1'); 

else
t_elements = bd(bdi); 
bdi=bdi+1 ; 
if ( f>=3000)

%disp(['t_elements = ' num2str(t_elements)]); 
%pause 

end

for i=loc:(loc+t_elements-1) 
r = floor(i/m_Cols); 
c = i - r * m_Cols ;

if ( f>=3000)
%disp(['i = ' num2str(i)]);
%disp(['Row = ' num2str(r)' Col = ' num2str(c)]); 

end

sensel = bd(bdi); 
bdi=bdi+1 ;
sensel = scale * (senselAexponent) ;

if ( f>=3000)
%disp(['first']);

% m_Rows;
% f * m Rows + r + 1;
% c+1;
% size( m_data);
% sensel;

end
m_data( r + 1, c+1,f+1) = sensel; 

end % for i 
end % else
% end if low != end of frame 

else
if (PreviousEndOfFrame == FALSE) 

PreviousEndOfFrame = TRUE ; 
hi = bd(bdi); bdi=bdi+1 ; 
if (hi ~= MOVIE_END_OF_FRAME) 

PreviousEndOfFrame = FALSE ; 
loc = hi * 256 + low ; 
if ( loc > (m_Cols * m Rows)) 

hi 
loc 
low
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cont
f
mCols
mRows
return;
%error('Bad Location Data: 2'); 

else
t_elements = bd(bdi); bdi=bdi+1 ;

for i=loc:(loc+t_elements-1) 
r = floor(i/m_Cols); 
c = i - r * mCols ; 
sensel = bd(bdi); bdi=bdi+1 ; 
sensel = scale * (senselAexponent); 
m_data( r + 1, c+1 ,f+1) = sensel ; 

end % for i 
end % else

elseif (m_Framelnfo == 1 && IsFramelnfo == FALSE) %Skip frame info
if any

low = bd(bdi); bdi=bdi+1 ; 
hi = bd(bdi); bdi=bdi+1 ;
IsFramelnfo = TRUE;
while (low ~= MOVIE END_0F_FRAME || hi ~= 

MOVIE_END_OF_FRAME) && bdi <= length(bd) 
low = bd(bdi); bdi=bdi+1 ; 
hi = bd(bdi); bdi=bdi+1 ; 

end
if low ~= MOVIE_END_OF_FRAME && hi ~= 

M O V IE E N D O F F R A M E
error('Bad frame info') 

end
end % /** end if hi != MOVIE_END_OF_FRAME *7  

end % /** PreviousEndOfFrame == FALSE **/ 
end % /** end else **/

cont = FALSE ;
if ( low ~= MOVIE_END_OF_FRAME || PreviousEndOfFrame ~= TRUE) 

cont = TRUE ; 
end

end % while( low ~= MOVIE_END_OF_FRAME | PreviousEndOfFrame ~= 
TRUE);
end % end % for f

%disp([ 'Done ...' num2str(m_FramesFromHeader)' frames loaded']);
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return;
% Modified By Chris Storey
% $Header: G:/CORE/LOGFILES/MATLAB/loadfsx2.m_v 1.1 Sep 20 2000 
16:44:18 FCHEN $
%
% $Log: G:/CORE/LOGFILES/MATLAB/loadfsx2.m_v $
%
% Rev 1.1 Sep 20 2000 16:44:18 FCHEN 
% Modified to read the movies with frameinfo and multi-tile 
% calibration info. Use the first tile cal info as the whole.
%
% Rev 1.0 Sep 19 2000 15:16:14 FCHEN 
% Initial revision.

function str = exstr( line, s1)

i = findstr( line, s1); 

if ( length(i)>0)
start = i + Iength(s1(1,:)) + 1 ; 
j = start;

c = line(j); 
while( -isspace(c))

j = j + 1;
c = linefl);

end
str = line(start:(j));

else
str = 
end

return;
% $Header: G:/CORE/LOGFILES/MATLAB/exstr.m_v 1.1 Sep 20 2000 
16:15:08 FCHEN $
%
% $Log: G:/CORE/LOGFILES/MATLAB/exstr.m_v $
%
% Rev 1.1 Sep 20 2000 16:15:08 FCHEN 
% Fixed the bug of extracting extra 2 chars.
%
% Rev 1.0 Sep 19 2000 15:16:20 FCHEN% Initial revision.
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% function montecarlo(n,s)

n=1000;
s=10000;

% Monte Carlo Simulation in Matlab 
% n is number of trials 
% s is number of subjects

% — Generate vectors of random inputs 
% x ~ Uniform distribution of integers 0-3

x = rem(round(rand(n,s)*4),4);

% Initial Increment

incr = 1;

% Initial Amplitude 

Amp = 4;

% Hit change setting 

hit = -1;

% Miss change setting 

miss = 1;

% False Alarm change setting 

flsalm  = 2;

% Correct Rejection change setting 

cor_rej = 0;

% Minimum number of hits before 80% rule goes into effect

hit_total = 5;

% — Run the simulation 
% Note the use of element-wise multiplication

[Amps,stoprules] = t2IFCmPESTh(x,incr,n,s, Amp);
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% — Create a histogram of the results (50 bins) 

edges = (0:5:1000);

histc023 = figure;
histc02v=histc(stoprules(1 :s,1),edges); 
bar(edges,histc02v) 
axis([0 1000 0 500]) 
titleCmPEST 2% Rule')
% hist02h3y1n2r3 = figure;
% hist(stoprulesh3y1 n2r3(1 :s,1),edges) 
% axis([0 500 0 1500])

histc05 = figure;
histc05v=histc(stoprules(1:s,2),edges); 
bar(edges,histc05v) 
axis([0 1000 0 500]) 
titleCmPEST 5% Rule')
% hist05h3y1n2r3 = figure;
% hist(stoprulesh3y1 n2r3(1 :s,2),edges) 
% axis([0 500 0 1500])

% hist80h = figure;
% histc(stoprulesh(1 :s,3),edges)

% — Calculate summary statistics

% yjn ean  = mean(y)
% y_std = std(y)
% y_median = median(y)

mean02 = mean(stoprules(1:s,1)) 
mean05 = mean(stoprules(1 :s,2)) 
mean02A = mean(stoprules(1:s,3)) 
mean05A = mean(stoprules(1 :s,4))
% mean80h = mean(stoprulesh(1 :s,3))

std02 = std(stoprules(1 :s,1)) 
std05 = std(stoprules(1 :s,2)) 
std02A = std(stoprules(1 :s,3)) 
std05A = std(stoprules(1 :s,4))
% std80h = std(stoprulesh(1 :s,3))
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% d_efficiency = (norm(sum(d))./30) 

saveCmPEST')

function [Amps.stoprules] = mSIAM_lmplemented(x,incr,n,s, Amp,hit, miss, 
fls_alm,cor_rej)

% 0 => HIT 
% 1 => MISS 
% 2 => FALSE ALARM 
% 3 => CORRECT REJECTION

% x contains the uniformaly random detections 
% incr contains inital increment 
% n contains number of trials 
% s contains number of subjects 
% Amp contains Intial Amplitude 
% hit contains Hit change setting 
% miss contains Miss change setting 
% fls_alm = False Alarm Change setting 
% cor_rej = Correct Rejection Change Setting

% stoprules=zeros(s,3); % Include 80% rule

stoprules=zeros(s,2);
Amps=zeros(n,s);

h1=waitbar(0,['Monte Carlo Simulation of mSIAM Implemented ',num2str(s),' 
subjects']);

tt=0; 
ttot=0; 
for i = 1 :s 

ttot=ttot+tt; 
tic
waitbar(i/s,h1,{['Monte Carlo Simulation of mSIAM_shr_lmplemented 

\num2str(s),' subjects.'] ['Estimated time remaining: ',num2str(ttot/i*(s- 
i)/60,'%6.2f)]}); 

j=1;
% Flag that stops while loop 
flg=0;
% Flag that indicates when 2% rule met 
flg02 = 0;
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% Flag that indicates when 5% rule met 
flg05 = 0;
% Counts the number of Reversals
rvrsl = 0;
crvrsl = 0;
newincr = incr;
newAmp = Amp;
y(1 ,i)=newAmp;
h2=waitbar(0,['Monte Carlo Simulation of subject: \num2str(i)]); 
while (j<=n && flg==0) 

oldAmp=newAmp; 
if j >1

waitbarG/n,h2,{['Monte Carlo Simulation of subject: ',num2str(i),' Trial: 
\num2strG),] ['2% Flag: ',num2str(flg02),' 5% Flag: \num2str(flg05),' Average 
Stop:', num2str(mean(stoprules(1:i-1,1)))]}); 

end
if x(j,i) ~= 3

if j >1 
none_3_indx = 1; 
last_none_3 = 3; 
while last_none_3 == 3 

if xG-none_3_indx,i) ~= 3 
last_none_3 = x(j-none_3_indx,i); 

end

none_3_indx = none_3_indx + 1;

if j-none_3_indx == 0 && last_none_3 == 3 
last_none_3 = -1; 

end 
end 

end

if j > 2 && j > none_3_indx 
nlast_none_3 = 3; 
while nlast_none_3 == 3 

if xG-none_3_indx,i) ~=3
nlast_none_3 = xG-none_3_indx,i); 

end

none_3_indx = none_3_indx + 1;

if j-none_3_indx == 0 && nlast_none_3 == 3 
nlast_none_3 = -1; 

end
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end

end
|_| |“p

if j>2 && x(j,i) ==0  
switch last_none_3 

case 0 
if rvrsl >=2 

switch nlast_none_3 
case 0

if hitjump == 1 
newincr=newincr*2; 

end 
case 1

newincr=newincr/2; 
rvrsl = rvrsl+1 ; 
crvrsl= crvrsl+1; 

case 2
newincr=newincr/2; 
rvrsl -  rvrsl+1; 
crvrsl= crvrsl+1; 

case -1 
otherwise

error(['Bad Program: 0 : \num2str(last_none_3)])
end

else
newincr=newincr*2;

end

case 1 
if rvrsl < 2 

rvrsl = rvrsl+1; 
crvrsl= crvrsl+1; 

end 
case 2 

if rvrsl < 2 
rvrsl = rvrsl+1; 
c rvrsl = crvrsl+1; 

end 
case -1

otherwise
error(['Bad Program: 0 : \num2str(last_none_3)])

end
end

of Current HIT
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if j>2 && x(j,i)==1 
switch last_none_3 

case 0 
if rvrsl >=2 

if hitjump 
newincr=newincr/2; 

end 
else

if nlast_none_3 == 0 
newincr=newincr/2; 

end 
end
rvrsl = rvrsl+1; 
c rvrsl = crvrsl+1; 

case 1
newincr=newincr*2;

case 2
newincr=newincr*2; 

case -1 
otherwise

error(['Bad Program: 1 : ',num2str(last_none_3)])
end

end

if j>2 && x(j,i)==2 
switch last_none_3 

case 0 
if rvrsl >=2 

if hitjump 
newincr=newincr/2; 

end 
else

if nlast_none_3 == 0 
newincr=newincr/2; 

end 
end
rvrsl = rvrsl+1; 
crvrsl= crvrsl+1; 

case 1
newincr=newincr*2;

case 2
newincr=newincr*2; 

case -1 
otherwise
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error(['Bad Program: 1 : ',num2str(last_none_3)])
end

end
end
if crvrsl >=4 

newincr=newincr/2; 
crvrsl=0; 

end
switch x(j,i) 

case 0 
if j>1

if last_none_3 == 0 
if rvrsl >=2 

if nlast_none_3 == 0 
if newAmp+newincr*hit < 0 

newincr=newAmp/2; 
end
newAmp=newAmp+newincr*hit;
hitjump=1;

else
if newAmp+newincr*hit < 0 

newincr=newAmp/2; 
end
newAmp=newAmp+newincr*hit;

end
else

if newAmp+newincr*hit < 0 
newincr=newAmp/2; 

end
newAmp=newAmp+newincr*hit;

end
else

if newAmp+newincr*hit < 0 
newincr=newAmp/2; 

end
newAmp=newAmp+newincr*hit;

end
else

if newAmp+newincr*hit < 0 
newincr=newAmp/2; 

end
newAmp=newAmp+newincr*hit; 

end 
case 1

newAmp=newAmp+newincr*miss;
hitjump=0;
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case 2

newAmp=newAmp+newincr*fls_alm; 
hit_jump=0; 

case 3
newAmp=newAmp+newincr*cor_rej;

otherwise
error('Bad Program')

end
if newAmp <=0 

newAmp=oldAmp/2; 
newincr=oldAmp/2; 

end
y(j+1,i)=newAmp;

% plot(y(:,i»;
% drawnow;
% if j==30
% disp('Hi');
% end

% for k = 1 :j+1 
% if y(k,i)==newAmp
% total=total+1;
% if x(k,i)==0
% hits=hits+1;
% end
% end
% end
% if total > hit_total
% if hits/total > 0.8
% stoprules(i,3)=j;
% flghits=1;
% end
% end
% if flghits && flg02 && flg05
% fig = 1;
% end
if (newincr/incr < .02 && flg02==0) 

stoprules(i,1)=j; 
stoprules(i,3)=newAmp; 
flg02=1; 

end
if (newincr/incr < .05 && flg05==0) 

stoprules(i,2)=j; 
stoprules(i,4)=newAmp; 
flg05=1; 

end
if flg02 && flg05
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fig = 1;
end 
j=j+1; 

end 
if j>n 

if flg02 ~=1 
stoprules(i,1)=j; 
stoprules(i,3)=newAmp; 

end
if flgOS ~=1 

stoprules(i,2)=j; 
stoprules(i,4)=newAmp; 

end 
end
close(h2);
tt=toc;

end
close(hl);

function [Amps,stoprules] = mSIAM_shrJmplemented(x,incr,n,s, Amp,hit, miss, 
fls_alm,cor_rej)

% 0 => HIT 
% 1 => MISS 
% 2 => FALSE ALARM 
% 3 => CORRECT REJECTION

% x contains the uniformaly random detections 
% incr contains inital increment 
% n contains number of trials 
% s contains number of subjects 
% Amp contains Intial Amplitude 
% hit contains Hit change setting 
% miss contains Miss change setting 
% fls_alm = False Alarm Change setting 
% cor_rej = Correct Rejection Change Setting

% stoprules=zeros(s,3); % Include 80% rule

stoprules=zeros(s,2);
Amps=zeros(n,s);

% Simulated Subjects Threshold 
thresh=3;
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h1=waitbar(0,['Monte Carlo Simulation of mSIAMshrJmplemented \num2str(s),' 
subjects']); 
tt=0; 
ttot=0; 
for i = 1 :s 

ttot=ttot+tt; 
tic
waitbar(i/s,h1,{['Monte Carlo Simulation of mSIAM_shr_lmplemented 

',num2str(s),' subjects.'] ['Estimated time remaining: ',num2str(ttot/i*(s- 
i)/60,'%6.2f)]}); 

j=1;
% Flag that stops while loop 
flg=0;
% Flag that indicates when 2% rule met 
flg02 = 0;
% Flag that indicates when 5% rule met 
flg05 = 0;
% Counts the number of Reversals
rvrsl = 0;
crvrsl -  0;
newincr = incr;
newAmp = Amp;
h2=waitbar(0,['Monte Carlo Simulation of subject: \num2str(i)]); 
while (j<=n && flg==0) 

oldAmp=newAmp; 
if j >1

waitbar(j/n,h2,{['Monte Carlo Simulation of subject: \num2str(i),' Trial: 
\num2str(j),] ['2% Flag: \num2str(flg02),' 5% Flag: ',num2str(flg05),' Average 
Stop:', num2str(mean(stoprules(1:i-1,1)))]}); 

end
( ^ * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

%*** Simulated Human Response CODE

if x(j,i) == 1 
prob = newAmp*3/thresh; 
if rand < prob 

x(j,i)=0; 
end 

end

if x(j,i) ~= 3

if j >1 
none_3_indx = 1; 
last_none_3 = 3;
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while last_none_3 == 3 
if x(j-none_3_indx,i) ~= 3 

last_none_3 = x(j-none_3_indx,i); 
end

none_3_indx = none_3_indx + 1;

if j-none_3_indx == 0 && last_none_3 == 3 
last_none_3 = -1; 

end 
end 

end

if j > 2 && j > none_3_indx 
nlast_none_3 = 3; 
while nlast_none_3 == 3 

if x(j-none_3_indx,i) ~=3 
nlast_none_3 = x(j-none_3indx,i); 

end

none_3_indx = none_3_indx + 1;

if j-none_3_indx == 0 && nlast_none_3 == 3 
nlast_none_3 = -1; 

end 
end 

end

if j>2 && x(j,i) == 0 
switch last_none_3 

case 0 
if rvrsl >=2 

switch nlast_none_3 
case 0

if hitjump == 1 
newi ncr= newi ncr*2; 

end 
case 1

newincr=newincr/2; 
rvrsl = rvrsl+1; 
c rvrsl = crvrsl+1; 

case 2
newincr=newincr/2; 
rvrsl = rvrsl+1; 
c rvrsl = crvrsl+1; 

case -1
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otherwise
error(['Bad Program: 0 : ',num2str(last_none_3)])

end
else

newincr=newincr*2;
end

case 1 
if rvrsl < 2 

rvrsl = rvrsl+1; 
crvrsl= crvrsl+1; 

end 
case 2 

if rvrsl < 2 
rvrsl = rvrsl+1; 
c rvrsl = crvrsl+1; 

end 
case -1

otherwise
error(['Bad Program: 0 : ,,num2str(last_none_3)])

end
end

°/0***********END of Current HIT

if j>2 && xG,i)==1 
switch last_none_3 

case 0 
if rvrsl >=2 

if hitjump
newincr=newincr/2;

end
else

if nlast_none_3 == 0 
newincr=newincr/2; 

end 
end
rvrsl -  rvrsl+1; 
crvrsl= crvrsl+1; 

case 1
newincr=newincr*2;

case 2
newincr=newincr*2; 

case -1 
otherwise
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error(['Bad Program: 1 : ',num2str(last_none_3)])

end
end

if j>2 && x(j,i)==2 
switch last_none_3 

case 0 
if rvrsl >=2 

if hitjump 
newincr=newincr/2; 

end 
else

if nlast_none_3 == 0 
newincr=newincr/2; 

end 
end
rvrsl -  rvrsl+1; 
crvrsl= crvrsl+1; 

case 1 
newincr=newincr*2;

case 2
newincr=newincr*2; 

case -1 
otherwise

error(['Bad Program: 1 : ',num2str(last_none_3)])
end

end
end
if crvrsl >= 4 

newincr=newincr/2; 
crvrsl=0; 

end
switch x(j,i) 

case 0 
if j>1

if last_none_3 == 0 
if rvrsl >=2 

if nlast_none_3 == 0 
if newAmp+newincr*hit < 0 

newincr=newAmp/2; 
end
newAmp=newAmp+newincr*hit;
hitjump=1;

else
if newAmp+newincr*hit < 0
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newincr=newAmp/2;
end
newAmp=newAmp+newincr*hit;

end
else

if newAmp+newincr*hit < 0 
newincr=newAmp/2; 

end
newAmp=newAmp+newincr*hit;

end
else

if newAmp+newincr*hit < 0 
newincr=newAmp/2; 

end
newAmp=newAmp+newincr*hit;

end
else

if newAmp+newincr*hit < 0 
newincr=newAmp/2; 

end
newAmp=newAmp+newincr*hit; 

end 
case 1

newAmp=newAmp+newincr*miss; 
hitjump=0; 

case 2
newAmp=newAmp+newincr*fls_alm; 
hitjump=0; 

case 3
newAmp=newAmp+newincr*cor_rej; 

otherwise 
error('Bad Program')

end
if newAmp <=0

newAmp=oldAmp/2;
newincr=oldAmp/2;

end
% for k = 1:j+1
% if y(k,i)==newAmp
% total=total+1;
% ifx(k,i)==0
% hits=hits+1;
% end
% end
% end
% if total > hit total
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% if hits/total > 0.8
% stoprules(i,3)=j;
% flghits=1;
% end
% end
% if flghits && flg02 && flg05
% fig = 1;
% end
if (newincr/incr < .02 && flg02==0) 

stoprules(i,1)=j; 
stoprules(i,3)=newAmp; 
flg02=1; 

end
if (newincr/incr < .05 && flg05==0) 

stoprules(i,2)=j; 
stoprules(i,4)=newAmp; 
flg05=1; 

end
if flg02 && flg05 

fig = 1;
end 
j=j+1; 

end 
if j>n 

if flg02 ~=1 
stoprules(i,1)=j; 
stoprules(i,3)=newAmp; 

end
if flg05 ~=1 

stoprules(i,2)=j; 
stoprules(i,4)=newAmp; 

end 
end
close(h2);
tt=toc;

end
close(hl);

function [Amps,stoprules] = t2IFCmPESTh(x,incr,n,s, Amp)

% 0 - Detect First Period 
% 1 - Detect Second Period 
% 2 - Non-detect First Period 
% 3 - Non-detect Second Period 
% stoprules=zeros(s,3); % Include 80% rule 
stoprules=zeros(s,2);
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Amps=zeros(n,s);
h1=waitbar(0,['Monte Carlo Simulation of 2IFC with mPEST for,,num2str(s)I' 
subjects']);

for i = 1:s
waitbar(i/s,h1);
j=i; 
flg=0; 
flghits = 0; 
flgcor = 0; 
flg02 = 0; 
flg05 = 0; 
newincr = incr; 
newAmp = Amp;
h2=waitbar(0,['Monte Carlo Simulation of subject: \num2str(i)]); 
while (j<=n && flg==0) 

waitbar(j/n,h2,{['Monte Carlo Simulation of subject: ',num2str(i))' Trial: 
',num2str(j),] ['0.02% Flag: ',num2str(flg02),' 0.05% Flag: \num2str(flg05),'
0.80% Flag:',num2str(fIghits)]});

if j == 1 
if x(j,i) < 2

newAmp = newAmp + newincr; 
end 

end
if j>1 && j<=10 

if x(j,i) > 1 
if x(j-1,i) > 1 

if flgcor == 1 
newincr = newincr*2; 

elseif flgcor == 0 
newincr = newincr/2; 

end
flgcor = 1;
if (newAmp - newincr) < 0 

newincr = newAmp/2; 
end
newAmp = newAmp - newincr; 

end 
else

if flgcor == 0 
newincr = newincr*2; 

end
newAmp = newAmp + newincr; 
flgcor = 0; 

end
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if j > 10 
if xQ,i) > 1 

if x(j-1,i) > 1 
if x(j-2,i) > 1 

if flgcor == 1 
newincr = newincr*2; 

elseif flgcor == 0 
newincr = newincr/2; 

end
flgcor = 1;
if (newAmp - newincr) < 0 

newincr = newAmp/2; 
end
newAmp = newAmp - newincr; 

end 
end 

else
if flgcor == 0 

newincr = newincr*2; 
end
newAmp = newAmp + newincr; 
flgcor = 0; 

end 
end

% for k = 1 :j+1 
% if y(k,i)==newAmp
% total=total+1;
% if x(k,i)==0
% hits=hits+1;
% end
% end
% end
% if total > hit_total
% if hits/total > 0.8
% stoprules(i,3)=j;
% flghits=1;
% end
% end
% if flghits && flg02 && flg05
% fig = 1;
% end
if (newincr/incr < .02 && flg02==0) 

stoprules(i,1)=j; 
stoprules(i,3)=newAmp;
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flg02=1; 

end
if (newincr/incr < .05 && flg05==0) 

stoprules(i,2)=j; 
stoprules(i,4)=newAmp; 
flg05=1; 

end
if flg02 && flg05 

fig = 1; 
end 
j=j+1; 

end 
if j>n 

if flg02 ~=1 
stoprules(i,1)=j; 
stoprules(i,3)=newAmp; 

end
if flg05 ~=1 

stoprules(i,2)=j; 
stoprules(i,4)=newAmp; 

end 
end
close(h2);

end
close(hl);

function [Amps.stoprules] = t2IFCmPESTh_shr(x,incr,n,s, Amp)

% 2 - Detect First Period 
% 3 - Detect Second Period 
% 0 - Non-detect First Period 
% 1 - Non-detect Second Period 
% stoprules=zeros(s,3); % Include 80% rule

stoprules=zeros(s,2);
Amps=zeros(n,s); 
thresh = 3;
h1=waitbar(0,['Monte Carlo Simulation of 2IFC with mPEST for',num2str(s),' 
subjects']);

for i = 1 :s 
waitbar(i/s,h1);
j=1;
flg=0; 
flgcor = -1; 
flg02 = 0;
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flg05 = 0; 
newincr = incr; 
newAmp = Amp;
h2=waitbar(0,['Monte Carlo Simulation of subject: \num2str(i)]); 
while (j<=n && flg==0) 

waitbar(j/n,h2,{['Monte Carlo Simulation of subject: \num2str(i),' Trial: 
',num2str(j),] ['0.02% Flag: ',num2str(flg02),' 0.05% Flag: \num2str(flg05),' 
Average Stop:', num2str(mean(stoprules(1:i-1,1)))]});

%*** Simulated Human Response CODE
if x(j,i) < 2

prob = newAmp*3/thresh; 
if rand < prob 

if x(j,i) == 0 
x(j.i)=2; 

end
if x(j,i) ==1 

xG,i)=3; 
end 

end 
end

( ^ * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  

if j == 1
if xQ.i) < 2

newAmp = newAmp + newincr; 
end 

end
if j>1 && j<=10  

if x(j,i) > 1 
if x(j-1 J) > 1 

if flgcor == 1 
newincr = newincr*2; 

elseif flgcor == 0 
newincr = newincr/2; 

end
flgcor = 1;
if (newAmp - newincr) < 0 

newincr = newAmp/2; 
end
newAmp = newAmp - newincr; 

end 
else

if flgcor == 0 
newincr = newincr*2; 

end
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newAmp = newAmp + newincr; 
flgcor = 0; 

end 
end 
if j > 10 

if x(j,i) > 1 
if x(j-1,i) > 1 

if x(j-2,i) > 1 
if flgcor == 1 

newincr = newincr*2; 
elseif flgcor == 0 

newincr = newincr/2; 
end
flgcor = 1;
if (newAmp - newincr) < 0 

newincr = newAmp/2; 
end
newAmp = newAmp - newincr; 

end 
end 

else
if flgcor == 0 

newincr = newincr*2; 
end
newAmp = newAmp + newincr; 
flgcor = 0; 

end 
end

%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%

for k = 1:j+1
if y(k,i)==newAmp 

total=total+1; 
if x(k,i)==0 

hits=hits+1; 
end 

end 
end
if total > hit total 

if hits/total > 0.8 
stoprules(i,3)=j; 
flghits=1; 

end 
end
if flghits && flg02 && flg05 

fig = 1;
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if (newincr/incr < .02 && flg02==0) 
stoprules(i,1)=j; 
stoprules(i,3)=newAmp; 
flg02=1; 

end
if (newincr/incr < .05 && flg05==0) 

stoprules(i,2)=j; 
stoprules(i,4)=newAmp; 
flg05=1; 

end
if flg02 && flg05 

fig = 1; 
end 
j=j+1; 

end 
if j>n 

if flg02 ~=1 
stoprules(i,1)=j; 
stoprules(i,3)=newAmp; 

end
if flg05 ~=1 

stoprules(i,2)=j; 
stoprules(i,4)=newAmp; 

end 
end
close(h2);

end
close(hl);
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% main_Ankle.m 
clear all 
clear classes

global DEBUG_F Project_Folder Picture_Folder BW_flg Color_flg Grayscale_flg 
File_Folder sim_name
Picture_Folder='Ankle_Pictures_GrayscaleV;
File_Folder='E:\Current Projects\ASMEV;
Project_Folder -  E:\Current Projects\Multi-Linked Systems'; 
addpath Project_Folder 
DEBUG_F = 0;

sim_name-Ankle';
Grayscale_flg=1;
Color_flg=0;
BW_flg=0;

flnm='Ankle_2006082301'; 
dspfig=0;

% Setup Limbs by length, width and height 
% Along repective axis as follows:
% x y z

tibia=limb([474 20 39]); 
talus=limb([20 25 39]); 
calcaneus=limb([50 80 30]);

% 11 =limb([474 39 20]);
% I2=limb([25 39 20]);
% I3=limb([13 32 80]);
% I4=limb([29 48 19]);

% Setup joints by x,y,z translations from prox limb 
% Setup joints by psi(x), phi(y) rotations from prox limb 
% Setup final rotation about the revolute joint theta(z)
% Setup joints by x,y,z translations to dist limb 
% Setup joints by psi(x), phi(y) rotations to dist limb 
% Setup final rotation about the revolute joint theta(z)

%j=joint(x, y, z,psi,phi,Theta,x,y,z,psi,phi,theta); 
talocrural=joint(237,0,0,-16,-20,0,10,0,0,16,20,0); 
subtalar=joint(10,0,0,-67,-41,0,25,0,5,67,41,0);
% j3=joint(7.5,0,-17,-80,0,0,18,-26,-20,-10,0,0);

rfoot=ml_sys(tibia, talocrural, talus, subtalar, calcaneus);
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writejimbJoint_info(rfoot,flnm);

% Rotate To position 0 
disp('Position') 
rfoot=build_v3(rfoot,0); 
write_vertices_rotation(rfoot,0,0,0,flnm,3);

% Rotate To position 1 
disp('Position 1') 
rfoot=rotate_v4(rfoot,15,2,0); 
write_vertices_rotation(rfoot,1,15,2,flnm,3);

% Rotate To position 2 
disp('Position 2') 
rfoot=rotate_v4(rfoot,-20,1,0); 
write_vertices_rotation(rfoot,2,-20,1,flnm,3);

% Rotate To position 3 
disp('Position 3') 
rfoot=rotate_v4(rfoot,5,1,0); 
write_vertices_rotation(rfoot,3,5,1,flnm,3);

% Rotate To position 4 
disp('Position 4') 
rfoot=rotate_v4(rfoot,-20,2,0); 
write_vertices_rotation(rfoot,4,-20,2,flnm,3);

% Rotate To position 5 
disp('Position 5') 
rfoot=rotate_v4(rfoot, 10,1,0); 
write_vertices_rotation(rfoot,5,10,1 ,flnm,3);

% Rotate To position 6 
disp('Position 6') 
rfoot=rotate_v4(rfoot,-10,2,0); 
write_vertices_rotation(rfoot,6,-10,2,flnm,3);

% Rotate To position 7 
disp('Position 7') 
rfoot=rotate_v4(rfoot, 15,2,0); 
write_vertices_rotation(rfoot,7,15,2,flnm,3);

% Rotate To position 8 
disp('Position 8') 
rfoot=rotate_v4(rfoot,5,1,0);
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write_vertices_rotation(rfoot,8,5,1,flnm,3);

rfoot=rotate_movie(rfoot,lrotate_30_both_ankle',30,2,-30,1); 
% % %
% % % rfoot=rotate_movie(rfoot,,rotate_30_back',30,1,-30,3); 
rfoot=rotate_movie(rfoot,,rotate_30_back_ankle',-30,2,30,1);

%compare yaw pitch and role for all rotations 
clc
clear all 
clear classes

global DEBUG_F Project_Folder

Project_Folder ='E:\Current Projects\Multi-Linked Systems'; 
addpath ProjectJFolder 
DEBUGF = 0;

% Setup Limbs by length, width and height 
% Along repective axis as follows:
% x y z

11 =limb([100 40 40]);
I2=limb([80 30 30]);
I3=limb([60 20 20]);
I4=limb([30 10 10]);

% I1=limb([474 39 20]);
% I2=limb([25 39 20]);
% I3=limb([13 32 80]);
% I4=limb([29 48 19]);

% Setup joints by x,y,z translations from prox limb 
% Setup joints by psi(x), phi(y) rotations from prox limb 
% Setup final rotation about the revolute joint theta(z)
% Setup joints by x,y,z translations to dist limb 
% Setup joints by psi(x), phi(y) rotations to dist limb 
% Setup final rotation about the revolute joint theta(z)

%j=joint(x, y, z,psi,phi,Theta,x,y,z,psi,phi,theta); 
j1=joint(237,0,-10,-15,-35,0,12.5,0,10,15,35,0); 
j2=joint(12.5,0,0,0,0,0,7.5,0,0,0,0,0); 
j3=joint(7.5,0,-17,-80,0,0,18,-26,-20,-10,0,0);

ml=ml_sys(l1 ,j1 ,!2,j2,l3,j3,l4);
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m2 = ml_sys(ml); 
ml=build_v3(ml,0);

% Creating a second multi linked system variable to run rotate without 
% translations on 
% compare_ml_2(ml,m2,1);
% compare_ml_2(ml,m2,2);
% compare_ml_2(ml,m2,3);
% compare_ml_2(ml,m2,4);

% ml=build(ml);
%
% ml=rotate(ml,-30,1);
%
% ml=rotate_v4(ml,30,1,0); 
% compare_ml_2(ml,m2,1) 
% compare_ml_2(ml,m2,2) 
% compare_ml_2(ml,m2,3) 
% compare_ml_2(ml,m2,4) 
%
% ml=rotate_v4(ml,30,3,0); 
%
% compare_ml_2(ml,m2,1) 
% compare_ml_2(ml,m2,2) 
% compare_ml_2(ml,m2,3) 
% compare_ml_2(ml,m2,4)

% ml = rotate(ml,-30,3);

hi =waitbar(0/1,'Checking Rotations'); 
lim_d=180; 
for i = -lim_d:1:lim_d 

waitbar((i+lim_d+1 )/(2*lim_d+1 ),h1 .['Checking Rotations: ',num2str(i),' 
degrees.']) 

ml=rotate_v4(ml,i,1,0); 
h2=waitbar(0/1 .'Checking Rotations'); 
for j = -lim_d:1:lim_d 

waitbar(G+lim_d+1)/(2*lim_d+1),h2,['Checking Rotations: ',num2strG),' 
degrees.'])

ml=rotate_v4(ml,j,3,0); 
for c=2:4 

f_flag = compare_ml_2(ml,m2,c); 
if f_flag == 0
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error(['At Joint 1: ',num2str(i),' degrees and Joint 3: ',nunn2str(j),'
degrees.

There was an error in limb: ',num2str(c)])
end

end
ml=rotate_v4(ml,-j,3,0);

end
close(h2)
ml=rotate_v4(ml,-i,3,0);

end
close(hl)

% A second different script that translates to origin but does not 
% store data

% Run rotate_notrans

% Translate back to original using previously stored translation
% matrix

%
% ml=rotate(ml,30,3,-30,1);
%
% % Find Bug with order 
%
% ml=rotate(ml,30,1,-30,3);

%ml=rotate_movie(ml,'rotate_30_both,,30,3,-30,1);
%
%ml=rotate_movie(ml,'rotate_30_back,,30,1,-30,3);
% ml=rotate_movie(ml,lrotate_30_back,,-30,3,30,1);

function ML = build_v3(ML,displayf)
% builds multi-linked system.
% ML = build(v) creates a ml sys object from the vector v,
% containing: Contains 
%

global DEBUG_F

if DEBUGF  
dispfEntering Build_v3'); 

end
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rotations = eye(4);

for count=1 :ML.Iimb_num-1

% Calc Yaw pitch and roll from Rotations

center = get(get(ML.Iimbs(count), 'center'), 'vert_array');
z_dc_y = get(get(ML.Iimbs(count),'y_unit'),'z')-center(3);
z_dc_x = get(get(ML.Iimbs(count),'x_unit'),'z')-center(3);

pitch = asin(rotations(1,2));
yaw = -acos(rotations(1,1 )/cos(asin(rotations(1,2))))*(z_dc_x/abs(z_dc_x));
roll = -acos(rotations(2,2)/cos(asin(rotations(1,2))))*(z_dc_y/abs(z_dc_y));

ML.Iimbs(count)=set(ML.Iimbs(count),'yaw',yaw,'pitch',pitch,'roll',roll);

rotations=rotations*...
(get(ML.joints(count),'x_axis_rotate_from_prox')*... 
(get(ML.joints(count),'y_axis_rotate_from_prox')*... 
(get(ML.joints(count),'z_axis_rotate_from_prox')*... 
(get(ML.joints(count),'z_axis_rotate_to_dist')*... 
(get(ML.joints(count),'y_axis_rotate_to_dist')*... 
(get(ML.joints(count),'x_axis_rotate_to_dist')))))));

% Limbs are translated and rotated from initial position

ML.Iimb_vertices(1:4,(count)*... 
ML.Points_per_Limb+1:ML.Iimb_num*ML.Points_per_Limb) = ... 
get(ML.joints(count),'Translate_from_prox')*... 
(get(ML.joints(count),'x_axis_rotate_from_prox')*... 
(get(ML.joints(count),'y_axis_rotate_from_prox')*... 
(get(ML.joints(count),'z_axis_rotate_from_prox')*... 
(get(ML.joints(count),'z_axis_rotate_to_dist')*... 
(get(ML.joints(count),'y_axis_rotate_to_dist')*... 
(get(ML.joints(count),'x_axis_rotate_to_dist')*...
(get(ML.joints(count),'Translate_to_dist')*...
ML.Iimb_vertices(1:4,(count)*ML.Points_per_Limb+1 ... 
:ML.Iimb_num*ML.Points_per_Limb))))))));

ML=find_rpy_dc(ML,count);

end

ML=find_rpy_dc(ML,ML.Iimb_num);

center = get(get(ML.Iimbs(count), 'center'), 'vert_array');
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z_dc_y = get(get(ML.Iimbs(count),'y_unit'),'z')-center(3); 
z_dc_x = get(get(ML.Iimbs(count),'x_unit'),'z')-center(3);

pitch = asin(rotations(1,2));
yaw = -acos(rotations(1,1 )/cos(asin(rotations(1,2))))*(z_dc_x/abs(z_dc_x)); 
roll = -acos(rotations(2,2)/cos(asin(rotations(1,2))))*(z_dc_y/abs(z_dc_y));

ML.Iimbs(ML.Iimb_num)=set(ML.Iimbs(ML.Iimb_num),'yaw',yaw,'pitch',pitch,'roll',r 
oil);

ML=set(ML,'limb_vertices',ML.Iimb_vertices);

if displayf==1

display_ml(ML,1);
end

if DEBUG_F 
disp('Leaving Build_v3'); 

end

function f_flag = compare_ml_2 (ml, m2, limbnum)  

global DEBUG_F

% Constructs the translation matrix to take the rotate notrans limb 
% center to the origin.
Translate_Origin = eye(4);
Translate_Origin(1:4,4) = get(get(m1 ,limbs(limb_num),'center'),'vert_array');

% Translate the limb's center to the origin

Iimb_array2= get(m2.limbs(limb_num),'vertex_array_v');
Iimb_array3=limb_array2;

% disp('Back Calculated yaw pitch and roll')

bc_yaw = get(m1.limbs(limb_num),'bc_yaw'); 
bc_pitch = get(m1.limbs(limb_num),'bc_pitch'); 
bc_roll = get(m1.limbs(limb_num),'bc_roH');

y_axis_rotate = [...
cos(bc_yaw),0,sin(bc_yaw),0; ...
0 , 1,0 ,0 ; . . .

-sin(bc_yaw),0,cos(bc_yaw),0;0,0,0,1];
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z_axis_rotate = [... 
cos(bc_pitch),-sin(bc_pitch),0,0; ... 
sin(bc_pitch),cos(bc_pitch),0,0;...
0,0,1,0;0,0,0,1];

x_axis_rotate = [1,0,0,0; ...
0,cos(bc_roll),-sin(bc_roll),0;... 
0,sin(bc_roll),cos(bc_roll),0;0,0,0,1];

Iimb_array2 = ...
Translate_Origin *...
(inv(x_axis_rotate) *...
(inv(z_axis_rotate) *...
(inv(y_axis_rotate) *...
Iimb_array2)));

Iimb_array1 = get_limb_array(m1,limb_num);

test_1 = round(limb_array1*1000) == round(limb_array2*1000);

% disp('Rotation Yaw pitch and roll')

yaw = get(m1 .limbs(limb_num),'yaw'); 
pitch = get(m1.limbs(limb_num),' pitch'); 
roll = get(m1.limbs(limb_num),'roH');

y axis rotate = [...
cos(yaw),0,sin(yaw),0; ...
0,1,0,0;...
-sin(yaw),0,cos(yaw),0;0,0,0,1];

z_axis_rotate = [...
cos(pitch),-sin(pitch),0,0;... 
sin(pitch),cos(pitch),0,0;...
0,0,1,0;0,0,0,1];

x_axis_rotate = [1,0,0,0; ...
0,cos(roll),-sin(roll),0; ...
0,sin(roll),cos(roll),0;0,0,0,1];

Iimb_array3 = ...
Translate Origin *...
(inv(x_axis_rotate) * ...
(inv(z_axis_rotate) *...
(inv(y_axis_rotate) *...
Iimb_array3)));
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test_2 = round(limb_array1*1000) == round(limb_array3*1000);

test_3 = round(limb_array2*1000) == round(limb_array3*1000);

% if test_2 == test_1 
if test_2 

f_flag=1; 
else 

disp('boo') 
bc_yaw 
bc_pitch 
bc_roll 
Iimb_array2 
test_1 
Iimb_array1 
test_2 
Iimb_array3 
yaw 
pitch 
roll
f_flag=0;
test_3

end

function display_ml(ML,flg,rot)
% display multi-linked system.
%
%
global sim name DEBUG_F
% Position of Vertices of Distal Limb with respect to the joint

if (fig ==1)
figure

end
for count=1 :ML.Iimb_num

sim_horz((count-1)*8+1 :(count-1)* ...
8+8,1:3) = ... 
get(ML.Iimbs(count),...
Vertex_array_h');

sim_face((count-1 )*6+1 :(count-1 )*6+6,1:4) = get(ML.Iimbs(count), 
'faces')+8*(count-1);

end
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% Color
patch('Vertices',sim_horz,'Faces',sim_face,...

'FaceVertexCData',hsv(ML.Iimb_num*6),'FaceColor7flat')

% h=axes('CameraPosition,,[350 125 70]);
% %set(h,'YDir','rev');
% set(h,'NextPlot','replace'); 
switch sim_name 

case 'Ankle'
% Ankle
axis([120 320 -100 100 -100 100 0 1])
% Back of Ankle 
view(21+rot,44+rot);
% Front of ANkle 
%view(-148+rot,-43+rot);
% view(-128+rot,-50+rot);

case 'Crab'
% Crab axis
axis([-5 15-5 15-5 15 0 1])
% axis([-300 300 -300 300 -300 300 0 1])
% Crab Leg 
view(-55+rot,-31+rot);
%view(150+rot,-23+rot);

otherwise 
error('Bad sim_name');

end

xlabel('X')
ylabel('Y')
zlabel('Z')
drawnow

function display_save_ml(ML,flg,rot,flnm,pos)
% display multi-linked system.
%
%
global DEBUG_F Project_Folder Picture_Folder BW_flg Color_flg Grayscale_flg 
File_Folder sim_name
% Position of Vertices of Distal Limb with respect to the joint

if (fig == 1 || fig ==2)  
h1=figure; 

end

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



for count=1:MLIimb num

sim_horz((count-1)*8+1:(count-1)*...
8+8,1:3) = ... 
get(ML.Iimbs(count),...
'vertex_array_h');

sim_face((count-1 )*6+1 :(count-1 )*6+6,1:4) = get(ML.Iimbs(count), 
'faces')+8*(count-1);

end
% h=axes(,CameraPosition',[350 125 70]);
%set(h,'YDir','rev');
% set(h,'NextPlot','replace');
% axis([-10 10 -10 10 -10 10 0 1])
% axis([-17 17-17 17-17 17 0 1])

if Color_flg

% Color
patch('Vertices',sim_horz,'Faces',sim_face,... 

'FaceVertexCData',hsv(ML.Iimb_num*6),'FaceColor','flat')

end

% Black and White 
if BW_flg

patch('Vertices',sim_horz,'Faces',simface,... 
'FaceVertexCData',white(ML.Iimb_num*6),'FaceColor','flat')

end

% Grayscale 
if Grayscale_flg

patch('Vertices',sinn_horz,'Faces',sim_face,... 
'FaceVertexCData',gray(ML.Iimb_num*6),'FaceColor','flat')

end
switch sim_name 

case 'Ankle'
% Ankle
axis([120 320 -100 100 -100 100 0 1])
% Back of Ankle 
view(21+rot,44+rot);
% Front of ANkle
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%view(-148+rot,-43+rot);
% view(-128+rot,-50+rot);

case 'Crab'
% Crab axis
axis([-5 15-5 15-5 15 0 1])
% axis([-300 300 -300 300 -300 300 0 1]) 
% Crab Leg 
view(-55+rot,-31 +rot);
%view(127+rot,-23+rot);

otherwise 
error('Bad sim_name');

end

xlabel('X')
ylabel('Y')
zlabel('Z')
drawnow

if (fig ==3 || fig == 2) 
saveas(gcf,[File_Folder,Picture_Folder,flnm,'_Pos_',num2str(pos),'.emf]); 
saveas(gcf,[File_Folder,Picture_Folder,flnnn,'_Pos_',num2str(pos),'.jpg']); 
saveas(gcf,[File_Folder,Picture_Folder,flnm,'_Pos_',num2str(pos),'.tif]); 
if fig ==3 

close(gcf) 
end 

end

function ML = display_vert(ML)
% builds multi-linked system.
% ML = build(v) creates a ml_sys object from the vector v,
% containing: Contains 
%

global DEBUG_F

forcount=1:ML.Iimb num
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disp(['Limb: ',num2str(count)]) 
list_vertices(ML.Iimbs(count))

end

function display_vert_conf(ML,pos)
% writes multi-linked system.
% display_vert_conf(ML,pos) writes limb coord to file
%

global DEBUG_F

header= {'Position' 'End Segment 1 Joint #1 Segment #2 Center''
'Joint # 2 ' " "  'Segment #3 Center ; "  'x' y  'z' 'x' 'y' 'z' 'x' y  'z' 'x' y  'z' 'x'
'z'};

sprdsht = cell(1,16);

sprdsht(1,1 )= cellstr(num2str(pos));
sprdsht(1,2:4)=num2cell(get(get(ML.Iimbs(10),'x_face'),'horz_array')); 
sprdsht(1,5:7)=num2cell(get(get(ML.Iimbs(8),'x_face'),'horz_array')); 
sprdsht(1,8:10)=num2cell(get(get(ML.Iimbs(7),'center'),'horz_array')); 
sprdsht(1,11:13)=num2cell(get(get(ML.Iimbs(5),'x_face'),'horz_array')); 
sprdsht(1,14:16)=num2cell(get(get(ML.Iimbs(4),'center'),'horz_array'));

xlswrite('E:\Current Projects\ASME\BioKinWorkbook2006.xls',header,'Conf 
1 ','A1');
xlswrite('E:\Current Projects\ASME\BioKinWorkbook2006.xls',sprdsht,'Conf 
1',['A',num2str(3+pos)]);

function ML = find_rpy_dc(ML, limb_num) 
global DEBUG F
outpt = get(ML.Iimbs(limb_num), 'center'); 
center = get(outpt, 'vert_array');

global DEBUG_F

if DEBUG F 
disp('Entering find_rpy_dc'); 

end
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% Constructs the translation matrix to take the rotate_notrans limb 
% center to the origin.
Translate_Origin = eye(4);
Translate_Origin(1:4,4) = center;

% Translate the limb's center to the origin 
limb_vertices = get(ML.Iimbs(limb_num),,vertex_array_v'); 
limb_vertices = inv(Translate_Origin) * limbvertices;

if DEBUG_F 
disp(,find_rpy_dc'); 
limb_vertices 

end

% Main yaw, Pitch and roll Find 
% must be done in order:
% roll, pitch, and yaw 
% axis_vector=limb_vertices(1:3,11);
%
% x_dc_o = axis_vector(1)/norm(axis_vector)
% y_dc_o = axis_vector(2)/norm(axis_vector)
% z_dc_o = axis_vector(3)/norm(axis_vector)

x_dc = get(get(ML.Iimbs(limb_num),'y_unit'),'x')-center(1); 
y_dc = get(get(ML.Iimbs(limbjium),'y_unit'),'y')-center(2); 
z_dc = get(get(ML.Iimbs(limbjium),'y_unit'),'z')-center(3);

u_prime_mag = norm([y_dc,z_dc]);

% Negative sign added so that a clockwise rotation occurs for positve 
% angle instead of counterclockwise
roll = -acos(dot([0,y_dc,z_dc],[0,1,0])/norm([0,y_dc,z_dc]))*(z_dc/abs(z_dc));

x_axis_rotate = [1,0,0,0; ...
0,cos(roll),-sin(roll),0;...
0,sin(roll),cos(roll),0;0,0,0,1];

limb_vertices = ...
(x_axis_rotate * ...
Iimb_vertices);

if DEBUG_F == 1 
disp('find_rpy_dc: X-axis rotation: Align y_unit with xy plane')

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



280

limb_vertices
end

pitch =
acos(dot([x_dc,u_prime_mag,0],[0,1,0])/norm([x_dc,u_prime_mag,0]))*(x_dc/abs(
x_dc));

z_axis_rotate = [... 
cos(pitch),-sin(pitch),0,0;... 
sin(pitch),cos(pitch),0,0;...
0,0,1,0;0,0,0,1];

limb_vertices = ...
(z_axis_rotate * ...
Iimb_vertices);

if DEBUG_F == 1
disp('find_rpy_dc: Z-axis rotation: Align y_unit with Y axis and x unit with xz 

plane1) 
limb_vertices 

end

% axis_vector=limb_vertices(1:3,10);
%
% x_dc = axis_vector(1)/norm(axis_vector);
% y_dc = axis_vector(2)/norm(axis_vector);
% z_dc = axis_vector(3)/norm(axis_vector);

x_dc = limb_vertices(1,13);
% y_dc = limb_vertices(2,13); 
z_dc = limb_vertices(3,13);

yaw = acos(dot([x_dc,0,z_dc],[1,0,0])/norm([x_dc,0,z_dc]))*(z_dc/abs(z_dc));

y_axis_rotate = [...
cos(yaw),0,sin(yaw),0; ...
0,1,0 ,0 ;...
-sin(yaw),0,cos(yaw),0;0,0,0,1 ];

limb_vertices = ...
(y_axis_rotate * ... 
limbvertices);

if DEBUG_F == 1 
disp('find_rpy_dc: Y-axis rotation: Align x_unit with X axis')
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limb_vertices
end

ML.Iirnbs(limbjium)=set(ML.Iirnbs(limb_num),'bc_yaw',yaw,'bcpitch',pitch,'bc_r 
oil',roll);

if DEBUG_F 
disp('Leaving find_rpy_dc'); 

end

function outpt = get(Var_ML_sys, data_req)
%ML_sys get function.
% Returns variable depending on request.
%
global DEBUG_F 
switch data_req 

case 'limb_vertices' 
outpt = Var_ML_sys.limb_vertices;

otherwise
error([data_req,' Is not a valid asset property'])

end

function outpt = get_limb_array(Var_ML_sys, limb_num)
% Retrieves the vertex_array_v of the desired limb and outputs it. 
global DEBUG F
outpt = get(Var_ML_sys.limbs(limb_num),Vertex_array_v');

function list_vertices(ML)
% list all variables and values

global DEBUG_F

disp('Vertices: (x, y, z)') 
disp(['L.topface_ul: ’,list_xyz(L.topface_ul)]) 
disp(['L.topface_ur: ',list_xyz(L.topface_ur)]) 
disp(['L.topface_bl: \list_xyz(L.topface_bl)]) 
disp(['L.topface_br: ',list_xyz(L.topface_br)]) 
disp(['L.bottomface_ul: ',list_xyz(L.bottomface_ul)]) 
disp(['L.bottomface_ub: ',list_xyz(L.bottomface_ur)]) 
disp(['L.bottomface_bl: ',list_xyz(L.bottomface_bl)]) 
disp(['L.bottomface_br: ',list_xyz(L.bottomface_br)]) 
disp('Center')
disp(['L.center: ',list_xyz(L.center)]) 
disp('Center of Faces on positive axis') 
disp(['L.x_face: ',list_xyz(L.x_face)])
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disp(['L.y_face: \list_xyz(L.y_face)]) 
disp(['L.z_face: \list_xyz(L.z_face)])

function ML = ml_sys(varargin)
%ml_sys class constructor.
% ML = ml_sys(v) creates a ml_sys object from the vector v,
% containing: Contains ml_sys 
%
global DEBUG_F 
if nargin == 0 

ML.c = [];
ML = classCML.'mLsys'); 

else
if isa(varargin{1},'ml_sys')

ML = varargin{1}; 
else

ML.Points_per_Limb = 16;
Var_Updates = varargin;

ML.Iimbs(1) = Var_Updates{1};
ML.joints(l) = Var_Updates{2};
ML.Iimbs(2) = Var_Updates{3};
Var_Updates = Var_Updates(4:end);
ML.Iimbs(1) = set(ML.Iimbs(1 ),,distJoint',get(ML.joints(1 ),'distJoint')); 

ind = 2;

while length(Var_Updates) >=2 
ML.joints(ind) = Var_Updates{1};
ML.Iimbs(ind) = 

set(ML.Iimbs(ind),,distJoint,,get(ML.joints(ind),'distJoint')); 
ind=ind+1;
ML.Iimbs(ind) = Var_Updates{2};
Var_Updates = Var_Updates(3:end);

end

ML.Iimb_num = ind;

for count=1:ind
ML.Iimb_vertices(1:4,1+(ML.Points_per_Limb*(count-1)):... 

ML.Points_per_Limb+(ML.Points_per_Limb*(count-1)))= ... 
get(ML.Iimbs(count),,vertex_array_v');

end
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ML = class(ML,'ml_sys'); 
end

end

function write_vertices_rotation(ML,pos,rot,jnt,flnm,flg) 
% writes multi-linked system.
% display_vert_conf(ML,pos) writes limb coord to file 
%

global DEBUG_F File_Folder 

h_h=cell(3+ML.Iimb_num,16);

headerJ1= {'Position:' num2str(pos) 'Rotation:' num2str(rot) 'Joint:' 
num2str(jnt)};
header_l2= {'Segment' 'Center X vector Y Vector Z vector'' ' '
'Orientation Distal Joint'};
header_l3= {'' 'x' y  'z' 'x' y  'z' 'x' y  'z' 'x' y  'z' 'Yaw' 'Pitch' 'Roll' 'x' y  'z'};

h_h(1,1:6) = headerh ; 
h_h(2,1:17) = header_l2; 
h_h(3,1:19) = header_l3;

for i = 1:ML.Iimb_num

h_h(i+3,1)= cellstr(num2str(i));
h_h(i+3,2:4)=num2cell(get(get(ML.Iimbs(i),'center'),'horz_array'));
h_h(i+3,5:7)=num2cell(get(get(ML.Iimbs(i),'x_face'),'horz_array'));
h_h(i+3,8:10)=num2cell(get(get(ML.Iimbs(i),'y_face'),'horz_array'));
h_h(i+3,11:13)=num2cell(get(get(ML.Iimbs(i),'z_face'),'horz_array'));
h_h(i+3,17:19)=num2cell(get(get(ML.Iimbs(i),'distJoint'),'horz_array'));
h_h(i+3,14)=num2cell(get(ML.Iimbs(i),'yaw')*180/pi);
h_h(i+3,15)=num2cell(get(ML.Iimbs(i),'pitch')*180/pi);
h_h(i+3,16)=num2cell(get(ML.Iimbs(i),'roH')*180/pi);

end

xlswrite([File_Folder,flnm,'.xls'],h_h,['Pos', num2str(pos)],'A1');

if (fig >=1 && fig <=3) 
display_save_ml(ML,flg,0,flnm,pos); 

end
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function Var_ML_sys = rotate_movie_EMBC(Var_ML_sys,name) 
%Joint Rotator movie maker about the revolu Joint.
% J = rotate(Var_ML_sys,degrees) Rotates distal limb 
% containing: Contains degrees 
%
global DEBUG_F Project_Folder
folder = 'E:\Current Projects\Multi-Linked Systems\moviesY;

movie = avifile([folder,name,l.avi']); 
fig=figure;
se^fig.'DoubleBuffer'.'on');

incr=1/4;

for i=0:incr:90 
for j=1 :Var_ML_sys.limb_num-1 

switch j 
case 1 

degrees=incr; 
case 2 

if i<30 
degrees=-incr; 

elseif i<45 
degrees=0; 

elseif i<70 
degrees=incr; 

else 
degrees=0; 

end 
case 3 

if i<10 
degrees=0; 

elseif i<30 
degrees=-incr; 

elseif i<60 
degrees=0; 

else 
degrees=incr; 

end 
otherwise

error('Error: rotate movie_EMBC.m - No Such Joint');
end 

joint=j; 

if degrees>0

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



for k=incr:incr:degrees 
V a rM L s y s  = rotate_v4(Var_ML_sys, incr, joint,0); 
display_ml(Var_ML_sys,0,0); 
drawnow 
f = getframe(gca); 
movie = addframe(movie,f); 
cla 

end 
end
if degrees<0 

for k=-incr:-incr:degrees 
Var_ML_sys = rotate_v4(Var_ML_sys, -incrjoint,0); 
display_ml(Var_ML_sys,0,0); 
drawnow 
f = getframe(gca); 
movie = addframe(movie,f); 
cla 

end 
end 

end 
end
for rep=1:3 

for i=1:2

if i==1 
degrees=75; 

else 
degrees=-75; 

end

joint=3;

if degrees>0 
for k=incr:incr:degrees 

V a rM L s y s  = rotate_v4(Var_ML_sys, incr, joint,0); 
display_ml(Var_ML_sys,0,0); 
drawnow 
f = getframe(gca); 
movie = addframe(movie,f); 
cla 

end 
end
if degrees<0 

for k=-incr:-incr:degrees 
Var_ML_sys = rotate_v4(Var_ML_sys, -incr,joint,0); 
display_ml(Var_ML_sys,0,0);
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drawnow 
f = getframe(gca); 
movie = addframe(movie,f); 
cla 

end 
end

end
end
movie = close(movie); 
close

function Var_ML_sys = rotate_v4(Var_ML_sys,varargin) 
%Joint Rotator about the revolute Joint.
% J = rotate(Var_ML_sys,degrees,joint) Rotates distal limb 
% containing: Contains degreesjoint 
%

global DEBUG_F

if DEBUG_F 
disp('Entering rotate_v4'); 

end

Var_Updates = varargin; 
while length(Var Updates) >=2

axisposition = eye(4);

displayf=Var_Updates{length(Var_Updates)}; 
theta=Var_Updates{1 }*pi/180; 
joint=Var_Updates{2};
Var_Updates = Var_Updates(3:end); 
rev_rotate = [... 

cos(theta),-sin(theta),0,0;... 
sin(theta),cos(theta),0,0;...
0,0,1,0 ;0,0 ,0,1];

axis_position(1,4) = 
Var_ML_sys.limb_vertices(1,(joint)*Var_ML_sys.Points_per_Limb);

axis_position(2,4) = 
Var_ML_sys.limb_vertices(2,(joint)*Var_ML_sys.Points_per_Limb);

axis_position(3,4) = 
Var_ML_sys.limb_vertices(3,(joint)*Var_ML_sys.Points_per_Limb);
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Var_ML_sys.limb_vertices(1:4,Qoint)*Var_ML_sys.Points_per_Limb+1 ... 
:Var_ML_sys.limb_num*Var_ML_sys.Points_per_Limb) = ...
(inv(axis position)* ...
Var_ML_sys.limb_vertices(1:4,(joint)*Var_ML_sys.Points_per_Limb+1 ... 
:Var_ML_sys.limb_num*Var_ML_sys.Points_per_Limb));

for count=1:joint

% Translate to Joint

Var_ML_sys.limb_vertices(1:4,(joint)*Var_ML_sys.Points_per_Limb+1 ... 
:Var_ML_sys.limb_num*Var_ML_sys.Points_per_Limb) = ... 
(invteetCVa^MLsys.jointsfcountX^axisj-otateJronruDrox'))* ... 
(inv(get(Var_ML_sys.joints(count),'x_axis_rotate_from_prox'))*... 
Var_ML_sys.limb_vertices(1:4,(joint)*Var_ML_sys.Points_per_Limb+1 ... 
:Var_ML_sys.limb_num*Var_ML_sys.Points_per_Limb)));

if count==joint

% Rotates around Arbitrary Axis then Translates back to Proximal 
Member

Var_ML_sys.limb_vertices(1:4,(joint)*Var_ML_sys.Points_per_Limb+1 ... 
:Var_ML_sys.limb_num*Var_ML_sys.Points_per_Limb) = ... 
(get(Var_ML_sys.joints(joint),'x_axis_rotate_from_prox1)* ... 
(get(Var_ML_sys.joints(joint),'y_axis_rotate_from_prox')*... 
(rev_rotate*...
Var_ML_sys.limb_vertices(1:4,(joint)*Var_ML_sys.Points_per_Limb+1

:Var_ML_sys.limb_num*Var_ML_sys.Points_per_Limb))));

% Sets the new Rotation about the Z-axis into Joint Specs

theta=get(Var_ML_sys.joints(joint),'R_theta_from_prox')+theta; 
rev_rotate = [...

cos(theta),-sin(theta),0,0; ... 
sin(theta),cos(theta),0,0;...
0,0,1,0;0,0,0,1];

Var_ML_sys.joints(joint)=set(Var_ML_sys.joints(joint),... 
,z_axis_rotate_from_prox,,rev_rotate,,R_theta_from_prox,,theta);

else

% Continues Propagation to Joint to be rotated
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Var_ML_sys.limb_vertices(1:4,(joint)*Var_ML_sys.Points_per_Limb+1 ... 
:Var_ML_sys.limb_num*Var_ML_sys.Points_per_Limb) = ... 
(inv(get(Var_ML_sys.joints(count),,x_axis_rotate_to_dist1) ) * ... 
(invtee^Va^M^sys.joints^countX^axis^otateJc^dist1) ) * ... 
(inv(get(Var_ML_sys.joints(count),,z_axis_rotate_to_dist'))*... 
(inv(get(Var_ML_sys.joints(count))'z_axis_rotate_from_prox'))*... 
Var_ML_sys.limb_vertices(1:4,(joint)*Var_ML_sys.Points_per_Limb+1

:Var_ML_sys.limb_num*Var_ML_sys.Points_per_Limb)))));
end

end

for count=joint-1:-1:1

% Translate back from Rotated Joint

Var_ML_sys.limb_vertices(1:4,(joint)*Var_ML_sys.Points_per_Limb+1 ... 
:Var_ML_sys.limb_num*Var_ML_sys.Points_per_Limb) = ...
(get(Var_M L_sys joi nts(cou nt), ,x_axis_rotate_from_prox')*... 
(get(Var_ML_sys.joints(count),'y_axis_rotate_from_prox')* ... 
(get(Var_ML_sys.joints(count),'z_axis_rotate_from_prox')*... 
(get(Var_ML_sys.joints(count),'z_axis_rotate_to_dist')*...
(get(Var_M L_sys .joints(cou nt), 'y_axis_rotate_to_d ist')*... 
(get(Var_ML_sys.joints(count),'x_axis_rotate_to_dist')*... 
Var_ML_sys.limb_vertices(1:4,Goint)*Var_ML_sys.Points_per_Limb+1 ... 
:Var_ML_sys.limb_num*Var_ML_sys.Points_per_Limb)))))));

end

Var_ML_sys.limb_vertices(1:4,0oint)*Var_ML_sys.Points_per_Limb+1 ... 
:Var_ML_sys.limb_num*Var_ML_sys.Points_per_Limb) = ...
(axis position*...
Var_ML_sys.limb_vertices(1:4,Goint)*Var_ML_sys.Points_per_Limb+1 ... 
:Var_ML_sys.limb_num*Var_ML_sys.Points_per_Limb));

Var_ML_sys=set(Var_ML_sys,,limb_vertices,,Var_ML_sys.limb_vertices);

if displayf==1 
display_ml(Var_ML_sys,1,0); 

end

rotations = eye(4);
Translate_Origin = eye(4);

for count=1 :Var_ML_sys.limb_num
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Var_ML_sys=find_rpy_dc(Var_ML_sys, count);

center = get(get(Var_ML_sys.limbs(count), 'center'), 'vert_array'); 
limb_vertices = get(Var_ML_sys.limbs(count),'vertex_array_v');
T ranslate_Origin = eye(4);
Translate_Origin(1:4,4) = center;

limb_vertices = inv(Translate_Origin) * limb_vertices; 
if DEBUG_F 

disp('Entering Rotate_v4: ypr section'); 
limb_vertices 

end

z_dc_y = get(get(Var_ML_sys.limbs(count),'y_unit'),'z')-center(3); 
z_dc_x = get(get(Var_ML_sys.limbs(count),'x_unit'),'z')-center(3);

pitch = asin(rotations(1,2));
roll = -acos(rotations(2,2)/cos(asin(rotations(1,2))))*(z_dc_y/abs(z_dc_y));

x_axis_rotate = [1,0,0,0;...
0,cos(roll),-sin(roll),0;...
0,sin(roll),cos(roll),0;0,0,0,1 ]; 

limb_vertices = ...
(x_axis_rotate * ...
Iimb_vertices);

if DEBUGF
disp('Rotate_v4: X-axis rotation: Align y_unit with xy plane') 
limbvertices

end

z_axis_rotate = [...
cos(pitch),-sin(pitch),0,0;... 
sin(pitch),cos(pitch),0,0;...
0,0,1,0;0,0,0,1]; 

limb_vertices = ...
(z_axis_rotate * ...
Iimb_vertices);

if DEBUG F
disp('Rotate_v4: Z-axis rotation: Align y_unit with Y axis and x unit with 

xz plane')
limbvertices

end
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x_dc_x = limb_vertices(1,13);
% y_dc_x = limb_vertices(2,13); 
z_dc_x = limb_vertices(3,13);

yaw = acos(rotations(1,1 )/cos(asin(rotations(1,2))))*(z_dc_x/abs(z_dc_x)); 

if DEBUG_F
disp('Rotate_v4: Y-axis rotation: Align x_unit with X axis') 
y axis rotate = [...

cos(yaw),0,sin(yaw),0;...
0,1,0,0;...
-sin(yaw),0,cos(yaw),0;0,0,0,1];

limb_vertices = ...
(y_axis_rotate *...
Iimb_vertices)

end

Var_ML_sys.limbs(count)=set(Var_ML_sys.limbs(count),'yaw',yaw,'pitch',pitch,'ro 
II',roll);

if count<Var_ML_sys.limb_num

rotations=rotations*...
(get(Var_ML_sys.joints(count),'x_axis_rotate_from_prox')*... 
(get(Var_ML_sys.joints(count),'y_axis_rotate_from_prox')* ... 
(get(Var_ML_sys.joints(count),'z_axis_rotate_from_prox')*... 
(get(Var_ML_sys.joints(count),'z_axis_rotate_to_dist')*... 
(get(Var_ML_sys.joints(count),'y_axis_rotate_to_dist')*... 
(get(Var_ML_sys.joints(count),'x_axis_rotate_to_dist')))))));

end

end

end

if DEBUG_F 
disp('leaving rotate_v4'); 

end

function Var_ML_sys = set(Var_ML_sys, varargin)
%ML_sys set function.
% Sets Variable depending on request.
%
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global DEBUG F 
VarJJpdates = varargin; 
while length(VarJJpdates) >=2 

data_type = Var_Updates{1}; 
datajn = Var_Updates{2};
VarJJpdates = Var_Updates(3:end); 
switch datajype 

case 'limbvertices' 
for count=1 :Var_ML_sys.limb_num;

Var_ML_sys.limbs(count) = set(Var_ML_sys.limbs(count), ... 
'vertex_array_v'- ■■■
data in(1:3,1+(count-1)*Var_ML_sys.Points_per_Limb: ... 
Var_ML_sys.Points_per_Limb+(count-1 )*... 
Var_ML_sys.Points_per_Limb));

end
otherwise

error([data_type,' Is not a valid asset property'])
end

end

function outpt = set J  i m b_a rray( Va r_M L_sys, limb_num,vert_arr_v)
% Retrieves the vertex_array_v of the desired limb and outputs it. 
global DEBUG_F
set(Var_ML_sys.limbs(limb_num),'vertex_array_v',vert_arr_v);
outpt=Var_ML_sys;

function writeJimbJointJnfo(ML,flnm)
% builds multi-linked system.
% ML = build(v) creates a ml_sys object from the vector v,
% containing: Contains 
%

global DEBUG_F Project_Folder File_Folder

headerJ= {'Limb Number' 'Length' 'Width' 'Height'};
headerj= {'Joint Number' 'x from prox' 'y from prox' 'z from prox' 'psi from prox' 
'phi from prox' 'theta from prox' 'x to dist' 'y to dist' 'z to dist' 'psi to dist' 'phi to dist' 
'theta to dist'};

sprdshtj = cell(1+ML.Iimb_niim,4);
sprdshtj = cell(ML.Iimb_num,13);
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sprdsht_l(1,1:4)=headerJ; 
sprdshtj(1,1:13)=headerj;

sprdsht_l(2,1 )= cellstr(num2str(1)); 
sprdsht_l(2,2)=num2cell(get(ML.Iimbs(1),'length')); 
sprdshtJ(2,3)=num2cell(get(ML.Iimbs(1),'width')); 
sprdshtJ(2,4)=num2cell(get(ML.Iimbs(1),'height'));

for i = 2:ML.Iimb_num

sprdsht_l(i+1,1)= cellstr(num2str(i)); 
sprdshtj(i, 1 )= cellstr(num2str(i-1));

sprdsht_l(i+1,2)=num2cell(get(ML.Iimbs(i),'length')); 
sprdshtJ(i+1,3)=num2cell(get(ML.Iimbs(i),'width')); 
sprdshtJ(i+1,4)=num2cell(get(ML.Iimbs(i),'height'));

sprdshtJ(i,2)=num2cell(get(ML.joints(i-1),'Tx_from_prox')); 
sprdshtJ(i,3)=num2cell(get(ML.joints(i-1 ),'Ty_from_prox')); 
sprdshtJ(i,4)=num2cell(get(ML.joints(i-1),'Tz_from_prox'));

sprdshtJ(i,5)=num2cell(get(ML.joints(i-1),'R_psi_fronn_prox')*180/pi); 
sprdshtJ(i,6)=num2cell(get(ML.joints(i-1),'R_phi_from_prox')*180/pi); 
sprdshtJ(i,7)=num2cell(get(ML.joints(i-1),'R_theta_from_prox')*180/pi);

sprdshtJ(i,8)=num2cell(get(ML.joints(i-1),'Tx_to_dist'));
sprdshtJ(i,9)=num2cell(get(ML.joints(i-1),'Ty_to_dist'));
sprdshtJ(i,10)=num2cell(get(ML.joints(i-1),'Tz_to_dist'));

sprdshtJ(i,11)=num2cell(get(ML.joints(i-1),'R_psi_to_dist')*180/pi); 
sprdshtJ(i,12)=num2cell(get(ML.joints(i-1),'R_phi_to_dist')*180/pi); 
sprdshtj(i, 13)=num2cell(get(ML.joints(i-1 ),'R_theta_to_dist')*180/pi);

end

xlswrite([File_Folder,flnm,'.xls'],sprdshtj,'Limbs','A1'); 
xlswrite([File_Folder,flnm,'.xls'],sprdshtj,'Joints','A1');

% xlswrite('E:\Current Projects\ASME\BioKinWorkbook2006.xls',header,'Conf 
1 ','A1');
% xlswrite('E:\Current Projects\ASME\BioKinWorkbook2006.xls',sprdsht,'Conf 
1 ',['A',num2str(3+pos)]);
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function write_vertices_rotation(ML,pos,rot,jnt,flnm,flg) 
% writes multi-linked system.
% display_vert_conf(ML,pos) writes limb coord to file 
%

global DEBUG_F File_Folder 

h_h=cell(3+ML.Iimb_num,16);

header_M= {'Position:' num2str(pos) 'Rotation:' num2str(rot) 'Joint:' 
num2str(jnt)};
header_l2= {'Segment' 'Center X vector Y Vector' "  "  'Z vector'
'Orientation Distal Joint'};
headerJ3= {'' 'x' 'y' 'z' 'x' 'y' 'z' 'x' 'y' 'z' 'x' 'y' 'z' 'Yaw' 'Pitch' 'Roll' 'x' 'y' 'z'};

h_h(1,1:6) = headerjl; 
h_h(2,1:17) = header_l2; 
h_h(3,1:19) = headerJ3;

for i = 1:ML.Iimb_num

h_h(i+3,1)= cellstr(num2str(i));
h_h(i+3,2:4)=num2cell(get(get(MLIimbs(i),'center'),'horz_array')); 
h_h(i+3,5:7)=num2cell(get(get(MLIimbs(i),'x_face'),'horz_array')); 
h_h(i+3,8:10)=num2cell(get(get(MLIimbs(i),'y_face'),'horz_array')); 
h_h(i+3,11:13)=num2cell(get(get(ML.Iimbs(i),'z_face'),'horz_array')); 
h_h(i+3,17:19)=num2cell(get(get(ML.Iimbs(i),'distJoint'),'horz_array')); 
h_h(i+3,14)=num2cell(get(ML.Iimbs(i),'yaw')*180/pi); 
h_h(i+3,15)=num2cell(get(ML.Iimbs(i),'pitch')*180/pi); 
h_h(i+3,16)=num2cell(get(ML.Iimbs(i),'roll')*180/pi);

end

xlswrite([File_Folder,flnm,'.xls'],h_h,['Pos', num2str(pos)],'A1');

if (fig >=1 && fig <=3) 
display_save_ml(ML,flg,0,flnm,pos); 

end

function outpt = get(Var_limb, data_req)
%limb get function.
% Returns variable depending on request.
%
global DEBUG F 
switch data_req
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case 'length' 
outpt = Varjimb. length; 

case 'width' 
outpt = Varjimb.width; 

case 'height' 
outpt = Varjimb.height; 

case 'global_pos' 
outpt = Var_limb.global_pos; 

case 'topface_ul' 
outpt = VarJimb.topfacejjl; 

case 'topface_ur' 
outpt = Var_limb.topface_ur; 

case 'topface_bl' 
outpt = Var_limb.topface_bl; 

case 'topface_br' 
outpt = Var_limb.topface_br; 

case 'bottomface ul' 
outpt = Var_limb.bottomface_ul; 

case 'bottomface_ur' 
outpt = Var_limb.bottomface_ur; 

case 'bottomface bl' 
outpt = Varjimb.bottomface_bl; 

case 'bottomface_br' 
outpt = Var limb.bottomface_br; 

case 'center' 
outpt = Var limb.center; 

case 'x face' 
outpt = Varjim b.xjace; 

case 'yjace' 
outpt = Var limb.yjace; 

case 'zjace' 
outpt = Varjim b.zjace; 

case 'x_unit' 
outpt = Varjimb.x_unit; 

case 'y_unit' 
outpt = Varjimb.y_unit; 

case 'z_unit' 
outpt = Varjimb.zunit; 

case 'distJoint' 
outpt = Varjimb.distjoint; 

case 'yaw' 
outpt = Varlimb.yaw; 

case 'pitch' 
outpt = Varjimb.pitch; 

case 'roll' 
outpt = Varjimb.roll;

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



295

case 'bc_yaw' 
outpt = Varjimb.bcyaw; 

case 'bc_pitch' 
outpt = Varjimb.bcpitch; 

case 'bc_roir 
outpt = Varjimb. bc_roll;

% case 'rect'
% outpt = Varjimb.rect; 

case 'vertex_array_h' 
outpt = [get(VarJimb.topface_ul,'horz_array');... 

get(VarJimb.topface_ur,'horz_array'); ... 
get(Var_limb.topface_bl,'horz_array');... 
get(VarJimb.topface_br,,horz_array');... 
get(VarJ imb. bottomface_u I, 'horz_array');... 
get(VarJimb.bottomface_ur,'horz_array'); ... 
get(VarJimb.bottomface_bl,,horz_array');... 
get(VarJ i m b. bottomface_br, 'horz_array')]; 

case 'vertex_array_v' 
outpt = [get(VarJimb.topface_ul,,vert_array')... 

get(VarJimb.topface_ur,'vert_arrayl) ... 
get(VarJimb.topface_bl,Vert_array')... 
get(VarJimb.topface_br,'vert_array')... 
get(VarJimb.bottomface_uI,'vert_array')... 
get(VarJimb.bottomface_ur,'vert_array')... 
get(VarJimb.bottomface_bl,,vert_array')... 
get(VarJimb.bottomface_br,,vert_array')... 
get(VarJimb.center,'vert_array')... 
get^VarJimb.xJace.'ver^array')... 
get(VarJimb.y_face,'vert_array')... 
get(VarJimb.z_face,,vert_array')... 
get(Varlimb.x_unit,'vert_array')... 
get(VarJimb.y_unit,'vert_array')... 
get(VarJimb.z_unit,'vert_array')... 
get(Va rJi m b .d istJoi nt,'vert_a rray')]; 

case 'faces' 
outpt = Varjimb.faces;

otherwise
error([data_req,' Is not a valid asset property'])

end

function L = limb(v)
%LIMB class constructor.
% L = LIMB(v) creates a Limb object from the vector v,
% containing: Contains dimensions (length, width, and height).
%
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% Calulations Inherited:
% Center of Mass will be true center assumer constant density
% Yaw, Pitch, and Roll

global DEBUG_F

if nargin == 0 
L.c = [];
L = class(L,'limb'); 

elseif isa(v,'limb')
L = v; 

else
L.length = v(1);
L.width = v(2);
L.height = v(3);

L.global_pos = coord([0 0 0]);

L.faces=[1,2,4,3;5,6,8,7;1,3,7,5;2,4,8,6;1,2,6,5;3,4,8,7];

% Defines Coordinates of corners 
%
% %face%_%corner_description% = coord([x y z]);

L.topface_ul = coord([-L.length/2 L.width/2 L.height/2]);
L.topface_ur = coord([L.length/2 L.width/2 L.height/2]);
L.topface_bl = coord([-L.length/2 -L.width/2 L.height/2]);
L.topface_br = coord([L.length/2 -L.width/2 L.height/2]); 
L.bottomface_ul = coord([-L.length/2 L.width/2 -L.height/2]); 
L.bottomface_ur = coord([L.length/2 L.width/2 -L.height/2]); 
L.bottomface_bl = coord([-L.length/2 -L.width/2 -L.height/2]); 
L.bottomface_br = coord([L.length/2 -L.width/2 -L.height/2]);

% Defines rectangle by corners

% L.rect=[L.topface_ul L.topface_ur L.topface_bl L.topface_br...
% L.bottomface_ul L.bottomface_ur L.bottomface_bl L.bottomface_br]; 

L.yaw = 0;
L.pitch = 0;
L.roll = 0;

L.bc_yaw = 0;
L.bc_pitch = 0;
L.bcjoll = 0;
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L.center = coord([0 0 0]);
L.distjoint = coord([0 0 0]);
L.xface = coord([0 0 0]);
L.y_face = coord([0 0 0]);
L.z_face = coord([0 0 0]);
L.xface =

set(L.x_face,,vert_array,,(get(L.topface_ur,,vert_array,)+get(L.bottomface_br,,vert
_array'))./2);

L.y_face =
set(L.y_face,'vert_array,,(get(L.topface_ul,,vert_array,)+get(L.bottomface_ur,,vert
_array'))./2);

L.z_face =
set(L.z_face),vert_array,,(get(L.topface_ul,,vert_array')+get(L.topface_br1,vert_arr
ay'))/2);

L.xunit = coord([1 0 0]);
L.yunit = coord([0 1 0]);
L.zunit = coord([0 0 1]);

L = class(L,llimb');

end
function list(a)
% list all variables and values 

global DEBUG_F

disp(['length = ',num2str(a.length)]) 
disp(['width = ',num2str(a.width)]) 
disp(['height = \num2str(a.height)])

function list_vertices(L)
% list all variables and values

global DEBUG_F

disp('Vertices: (x, y, z)') 
disp(['L.topface_ul: ',list_xyz(L.topface_ul)]) 
disp(['L.topface_ur: ',list_xyz(L.topface_ur)]) 
disp(['L.topface_bl: \list_xyz(L.topface_bl)]) 
disp(['L.topface_br: ’,list_xyz(L.topface_br)]) 
disp(['L.bottomface_ul: ',list_xyz(L.bottomface_ul)]) 
disp(['L.bottomface_ub: ',list_xyz(L.bottonnface_ur)])
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disp(['L.bottomface_bl: ',list_xyz(L.bottomface_bl)]) 
disp(['L.bottomface_br: ',list_xyz(L.bottomface_br)]) 
disp('Center')
disp(['L.center: ',list_xyz(L.center)]) 
disp('Face center on postive axis') 
disp(['L.x_face: ',list_xyz(L.x_face)]) 
disp(['L.y_face; \list_xyz(L.y_face)]) 
disp(['L.z face: ',list_xyz(L.z_face)])

function Varjimb = set(VarJimb, varargin)
%limb set function.
% Set variable depending on request.

global DEBUG F

VarJJpdates = varargin; 
while length(VarJJpdates) >=2 

datajype = Var_Updates{1}; 
datajn = Var_Updates{2};
VarJJpdates = Var_Updates(3:end); 
switch datajype 

case 'length' 
error([data type ,' cannot be set']) 

case 'width' 
error([dataJype ,' cannot be set']) 

case 'height' 
error([dataJype ,' cannot be set']) 

case 'global_pos'
VarJimb.global_pos = datajn; 

case 'global_pos_v'
VarJimb.global_pos = ... 

set(VarJimb.global_pos,'vert_array', datajn); 
case 'topface ul' 

error([dataJype ,' cannot be set']) 
case 'topface_ur'

error([dataJype ,' cannot be set']) 
case 'topface_bl' 

error([dataJype ,' cannot be set']) 
case 'topface_br' 

error([dataJype ,' cannot be set']) 
case 'bottomface_ul'

error([dataJype ,' cannot be set']) 
case 'bottomface_ur' 

error([dataJype ,' cannot be set']) 
case 'bottomface_bl' 

error([dataJype ,' cannot be set'])
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case 'bottomface_br'
error([data_type cannot be set1]) 

case 'center' 
error([data_type ,' cannot be set']) 

case 'x_face' 
error([data_type ,' cannot be set']) 

case 'y_face' 
error([data_type ,' cannot be set']) 

case 'z_face'
error([data_type ,' cannot be set']) 

case 'distJoint'
Varjimb.distjoint = set(VarJimb.distJoint,'vert_array',dataJn(1:3,1)); 

case 'yaw'
Varjimb.yaw=datajn; 

case 'pitch'
Varjimb.pitch=datajn; 

case 'roll'
Varjimb.roll=dataJn; 

case 'bc_yaw'
Varjimb.bc_yaw=datajn; 

case 'bc_pitch'
Varjimb.bc_pitch=datajn; 

case 'bc_roll'
VarJimb.bc_roll=dataJn;

% case 'rect'
% error([dataJype ,' cannot be set'])

case 'vertex_array_v'

VarJimb.topface_ul = 
set(VarJimb.topface_ul,'vert_array',dataJn(1:3,1));

VarJimb.topface_ur = 
set(VarJimb.topface_ur,'vert_array',dataJn(1:3,2));

VarJimb.topface_bl = 
set(VarJimb.topface_bl,'vert_array',dataJn(1:3,3));

VarJimb.topface_br = 
set(VarJimb.topface_br,'vert_array',dataJn(1:3,4));

VarJimb.bottomfaceuI = 
set(VarJimb.bottomface_ul,'vert_array',dataJn(1:3,5));

VarJimb.bottomface_ur = 
set(VarJimb.bottomface_ur,'vert_array\dataJn(1:3,6));

Varjimb.bottomface_bl = 
set(VarJimb.bottomface_bl,'vert_array',dataJn(1:3,7));

Varjimb.bottomface_br = 
set(VarJimb.bottomface_br,'vert_array',dataJn(1:3,8));

Varjimb.center = set(VarJimb.center,'vert_array',dataJn(1:3,9)); 
Varjimb.x_face = set(VarJimb.x_face,'vert_array',dataJn(1:3,10));
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Var_limb.y_face = set(Var_limb.y_face),vert_array,,data_in(1:3,11));
Var_limb.z_face = set(Var_limb.z_face,'vert_arrayI,data_in(1:3,12));
Var_limb.x_unit = set(Var_limb.x_face,'vert_array',data_in(1:3,13));
Var_limb.y_unit = set(VarJimb.y_face,'vert_array\dataJn(1:3,14));
Var_limb.z_unit = set(Var_limb.z_face,'vert_array',data_in(1:3,15));
Varjimb.distjoint = set(Var_limb.distJoint,,vert_array',data_in(1:3,16));

otherwise
error([data_type,' Is not a valid asset property'])

end
end

function outpt = get(Var_Joint, data_req)
%COORD get function.
% Returns Variable depending on request.
%

global DEBUG_F

switch data req

case 'Tx_from_prox' 
outpt = Var_Joint.Tx_from_prox; 

case Tyfromprox'  
outpt = Var_Joint.Ty_from_prox; 

case Tz_from_prox' 
outpt = Var_Joint.Tz_from_prox;

case 'R_psi_from_prox' 
outpt = Var_Joint.R_psi_from_prox; 

case 'R_phi_from_prox' 
outpt = Var_Joint.R_phi_from_prox; 

case ,R_theta_from_prox' 
outpt = Var_Joint.R_theta_from_prox;

case 'Tx_to_dist' 
outpt = Var_Joint.Tx_to_dist; 

case Ty_to_dist' 
outpt = Var_Joint.Ty_to_dist; 

case 'Tz_to_dist' 
outpt = Var_Joint.Tz_to_dist;

case 'R_psi_to_dist' 
outpt = Var_Joint.R_psi_to_dist; 

case ' R_ph i_to_d ist' 
outpt = Var_Joint.R_phi_to_dist;
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case 'R_theta_to_dist' 
outpt = Var_Joint.R_theta_to_dist;

case 'Translate_from_prox' 
outpt = Var_Joint.Translate_from_prox; 

case ,x_axis_rotate_from_prox' 
outpt = Var_Joint.x_axis_rotate_from_prox; 

case 'y_axis_rotate_from_prox' 
outpt = Var_Joint.y_axis_rotate_from_prox; 

case 'z_axis_rotate_from_prox' 
outpt = Var_Joint.z_axis_rotate_from_prox;

case Translate_to_dist' 
outpt = Var_Joint.Translate_to_dist; 

case 'x_axis_rotate_to_dist' 
outpt = Var_Joint.x_axis_rotate_to_dist; 

case 'y_axis_rotate_to_d ist'
outpt = Var_Joint.y_axis_rotate_to_dist; 

case 'z_axis_rotate_to_dist' 
outpt = Var_Joint.z_axis_rotate_to_dist;

case 'distJoint' 
outpt = [Var_Joint.Tx_from_prox; Var_Joint.Ty_from_prox; 

Var_Joint.Tz_from_prox];

otherwise
error([data_req,' Is not a valid asset property'])

end

function j = joint(varargin)
%joint class constructor.
% j = joint(v) creates a joint object from the vector v,
% containing:
% Offset from center of both limbs Tx, Ty, Tz
% Offset in radians for rotation of both limbs
% R_phi, R_psi,
% ***ALL above is constant***
% R_theta just one since the same for both
%

global DEBUG F

switch nargin 
case 0

JJ = D;
j = class(j, 'joint');
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case 1

if isa(v,'joint') 
j = varargin{1}; 

else
error ('Not a Joint Object') 

end 
case 12

j.Tx_from_prox = varargin{1}; 
j.Ty_from_prox = varargin{2}; 
j.Tz_from_prox = varargin{3};

j.Translate_from_prox = [1,0,0,j.Tx_from_prox; ...
0,1,0,j.Ty_from_prox;0,0,1 ,j.Tz_from_prox;0,0,0,1];

j.R_psi_from_prox = varargin{4}*pi/180; 
j.x_axis_rotate_from_prox = [1,0,0,0;...

0,cos(j.R_psi_from_prox),-sin(j.R_psi_from_prox),0;... 
0,sinO.R_psi_from_prox),cos(j.R_psi_from_prox),0;0,0,0,1];

j.R_phi_from_prox = varargin{5}*pi/180; 
j.y_axis_rotate_from_prox = [...

cosG.R_phi_from_prox),0,sin(j.R_phi_from_prox),0;...
0 , 1,0 ,0 ; . . .

-sinO.R_phi_from_prox),0,cosG.R_phi_from_prox),0;0,0,0,1];

j.R_theta_from_prox = varargin{6}*pi/180; 
j.z_axis_rotate_from_prox = [...

cosG.R_theta_from_prox),-sinG-R_theta_from_prox),0,0;... 
sinG.R_theta_from_prox),cosG.R_theta_from_prox),0,0;... 
0 ,0 , 1,0;0 ,0 ,0 ,1];

j.Tx_to_dist = varargin{7}; 
j.Ty_to_dist = varargin{8}; 
j.Tz_to_dist = varargin{9};

j.Translate_to_dist = [1,0,0,j.Tx_to_dist;...
0,1,0,j.Ty_to_dist;0,0,1 ,j.Tz_to_dist;0,0,0,1];

j.R_psi_to_dist = varargin{10}*pi/180; 
j.x_axis_rotate_to_dist = [1,0,0,0;...

0,cosG.R_psi_to_dist),-sinG.R_psi_to_dist),0;... 
0,sinG.R_psi_to_dist),cosG.R_psi_to_dist),0;0,0,0,1];

j.R_phi_to_dist = varargin{11 }*pi/180;
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j.y_axis_rotate_to_dist = [...

cos(j.R_phi_to_dist),0,sin(j.R_phi_to_dist),0; ...
0 , 1,0 ,0 ; . . .

■sin(j.R_phi_to_dist),0,cos(j.R_phi_to_dist),0;0,0,0,1];

j.R_theta_to_dist = varargin{12}*pi/180; 
j.z_axis_rotate_to_dist = [...

cos(j.R_theta_to_dist),-sin(j.R_theta_to_dist),0,0;... 
sin(j.R_theta_to_dist),cosG.R_theta_to_dist),0,0; ... 
0,0,1,0;0,0,0,1];

j = class(j, 'joint');

otherwise
error ('Incorrect Number of Inputers for Joint Class')

end

function list(j)
% list all variables and values 

global DEBUG F 

disp(sprintf('\n'))

disp(['Tx_from_prox = ,,num2str(j.Tx_from_prox)]) 
disp(['Ty_from_prox = ',num2str(j.Ty_from_prox)]) 
disp(['Tz_from_prox = ',num2str(j.Tz_from_prox)])

disp(sprintf('\n'))

disp(['R_psi_from_prox = ', nu m2str(j. R_psi_from_prox)]) 
disp(['R_phi_from_prox = ',num2str(j.R_ph i_f ro m_p rox)]) 
disp(['R_theta_from_prox = ', nu m2str(j. R_theta_from_prox)])

disp(sprintf('\n'))

disp(['Tx_to_dist = ',num2str(j.Tx_to_dist)]) 
disp(['Ty_to_dist = ’,num2str(j.Ty_to_dist)]) 
disp(['Tz_to_dist = ',num2strG.Tz_to_dist)])

disp(sprintf('\n'))

disp(['R_psi_to_dist = ’,num2strG.R_psi_to_dist)]) 
disp(['R_phi_to_dist = ', nu m2str(j. R_phi_to_d ist)]) 
disp(['R_theta_to_dist = ',num2str(j.R_theta_to_dist)])

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



disp(sprintf(,\n'))

function Var_Joint = set(Var_Joint, varargin) 
%COORD set function.
% Sets Variable depending on request.
%

global DEBUG F

Var_Updates = varargin; 
while length(VarJJpdates) >=2 

data_type = Var_Updates{1}; 
datajn = Var_Updates{2};
VarUpdates = Var_Updates(3:end); 
switch datajype  

case Tx_from_prox' 
Var_Joint.Tx_from_prox = datajn; 

case Ty_from_prox'
Var_Joint.Ty_from_prox = datajn; 

case 'Tz_from_prox' 
Var_Joint.Tz_from_prox = datajn;

case 'R_psi_from_prox' 
Var_Joint.R_psi_from_prox = datajn; 

case 'R_phi Jrom prox' 
Var_Joint.R_phi_from_prox = datajn; 

case 'RJheta_from_prox' 
Var_Joint.RJheta_from_prox = datajn;

case 'TxJo_dist'
Var_Joint.TxJo_dist = data_in; 

case 'Tyjo dist'
Var_Joint.Ty to_dist = data in; 

case 'TzJo_dist'
Var_Joint.TzJo_dist = datajn;

case 'R_psiJo_dist'
Var_Joint.R_psiJo_dist = datajn; 

case 'R_phi to dist' 
Var_Joint.R_phiJo_dist = datajn; 

case 'RJhetaJo_dist' 
Var_Joint.RJhetaJo_dist = datajn;

case TranslateJrom_prox' 
Var_Joint.Translate_from_prox = datajn; 

case ,x_axis_rotate_from_prox'
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Var_Joint.x_axis_rotate_from_prox = datajn; 
case 'y_axis_rotate_from_prox' 

Var_Joint.y_axis_rotate_from_prox = datajn; 
case 'z_axis_rotateJrom_prox' 

Var_Joint.z_axis_rotate_from_prox = datajn;

case TranslateJo_dist'
Var_Joint.TranslateJo_dist = datajn; 

case 'x_axis_rotateJo_dist' 
Var_Joint.x_axis_rotateJo_dist = datajn; 

case 'y_axis_rotateJo_dist' 
Var_Joint.y_axis_rotateJo_dist = datajn; 

case 'z_axis_rotateJo_dist' 
Var_Joint.z_axis_rotateJo_dist = datajn;

otherwise
error([dataJype,' Is not a valid asset property'])

end
end

function C = coord(v)
%COORD class constructor.
% C = COORD(v) creates a COORD object from the vector v, 
% containing: Contains coordinate in the form (x, y, and z).
%

global DEBUG_F

if nargin == 0 
C c = [];
C = class(C,'coord'); 

elseif isa(v,'coord')
C = v; 

else
C.x = v(1);
C.y = v(2);
C.z = v(3);
C = class(C,'coord');

end

function outpt = get(Var_Coord, data_req)
%COORD get function.
% Returns x, y, or z depending on request.
%
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global DEBUG_F

switch data_req 
case Y  

outpt = VarCoord.x; 
case y  

outpt = Var_Coord.y; 
case 'z' 

outpt = Var_Coord.z; 
case 'vert_array' 

outpt = [Var_Coord.x;Var_Coord.y;Var_Coord.z;1]; 
case 'horz_array' 

outpt = [Var_Coord.x,Var_Coord.y,Var Coord.z];

otherwise
error([data_req,' Is not a valid asset property'])

end

function list(a)
% list all variables and values

global DEBUG F

disp(['x = ',num2str(a.x)]) 
disp(['y = ',num2str(a.y)]) 
disp(['z = ',num2str(a.z)])

function outpt = list_xyz(a)
% list all variables and values

global DEBUG_F

outpt = ['(',num2str(a.x),,I ,,num2str(a.y),,I ,,num2str(a.z),,),];

function Var_Coord = set(Var_Coord, varargin)
%COORD set function.
% Returns x, y, or z depending on request.
%

global DEBUG_F

VarUpdates = varargin; 
while length(Var Updates) >=2 

data_type = Var_Updates{1}; 
datajn = Var_Updates{2};
Var_Updates = Var_Updates(3:end);
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switch data_type 
case 'x'

Var_Coord.x = datajn; 
case y  

Var_Coord.y = datajn; 
case 'z'

Var_Coord.z = datajn; 
case 'horz array'

Var_Coord.x = datajn(1);
Var_Coord.y = datajn(2);
Var_Coord.z = datajn(3); 

case 'vert_array'
Var_Coord.x = datajn(1);
Var_Coord.y = datajn(2);
VarCoord.z = datajn(3);

otherwise
error([dataJype,' Is not a valid asset property'])

end
end
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Table Q.l. Calculated Linked system.

Position 0 1 2 3 4

Segment #1 X 35.73 3.81 5.88 5.88 10.01

y 4.13 27.79 27.79 20.65 -20.65

z 0.00 0.00 2.07 9.21 9.21

Joint #1 X 28.59 3.81 5.88 5.88 10.01

y 4.13 20.65 20.65 20.65 -20.65

z 0.00 0.00 2.07 2.07 2.07

Segment #2 X 21.60 3.81 5.88 5.88 10.01

y 4.13 13.66 13.66 13.66 -13.66

z 0.00 0.00 2.07 2.07 2.07

Joint #2 X 16.68 5.88 5.88 5.88 10.01

y 2.07 8.74 8.74 8.74 -8.74

z 0.00 0.00 0.00 0.00 0.00

Segment #3 X 13.34 7.94 7.94 7.94 7.94

y 0.00 5.40 5.40 5.40 -5.40

z 0.00 0.00 0.00 0.00 0.00

All lengths in cm
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Table Q.2. Calculations with offsets.

Position 0 1 2 3 4

Segment #1 X 41.61 9.69 11.75 11.75 15.88

y 4.13 27.79 27.79 20.65 -20.65

z 3.49 3.49 5.56 12.70 12.70

Joint #1 X 34.46 9.69 11.75 11.75 15.88

y 4.13 20.65 20.65 20.65 -20.65

z 3.49 3.49 5.56 5.56 5.56

Segment #2 X 27.47 9.69 11.75 11.75 15.88

y 4.13 13.66 13.66 13.66 -13.66

z 3.49 3.49 5.56 5.56 5.56

Joint #2 X 22.55 11.75 11.75 11.75 15.88

y 2.07 8.74 8.74 8.74 -8.74

z 3.49 3.49 3.49 3.49 3.49

Segment #3 X 19.22 13.82 13.82 13.82 13.82

y 0.00 5.40 5.40 5.40 -5.40

z 3.49 3.49 3.49 3.49 3.49

All lengths in cm
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Table Q.3 Measurement and Calculation Differences.

Difference 0 1 2 3 4

Segment #1 X -0.33 0.16 -0.32 -0.32 -0.01

y -0.07 -0.49 -0.49 -0.07 0.07

z 0.00 0.00 0.16 0.00 0.00

Joint #1 X -0.17 0.16 -0.32 -0.32 -0.01

y -0.07 -0.07 -0.07 -0.07 0.07

z 0.00 0.00 0.16 0.16 0.16

Segment #2 X -0.29 0.16 -0.32 -0.32 -0.01

y -0.07 -0.20 -0.20 -0.20 0.20

z 0.00 0.00 0.16 0.16 0.16

Joint #2 X -0.20 -0.32 -0.32 -0.32 -0.01

y -0.03 -0.48 -0.48 -0.48 0.48

z 0.00 0.00 0.00 0.00 0.00

Segment #3 X -0.17 0.15 0.15 0.15 0.15

y 0.00 -0.32 -0.32 -0.32 0.32

z -0.33 0.16 -0.32 -0.32 -0.01

All differences in cm
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Table Q.4. Measured Linked System.

Confirmation Measured Values 0 1 2 3 4

Segment #1 X 41.28 9.84 11.43 11.43 15.88

y 4.06 27.31 27.31 20.57 -20.57

z 3.49 3.49 5.72 12.70 12.70

Joint #1 X 34.29 9.84 11.43 11.43 15.88

y 4.06 20.57 20.57 20.57 -20.57

z 3.49 3.49 5.72 5.72 5.72

Segment #2 X 27.18 9.84 11.43 11.43 15.88

y 4.06 13.46 13.46 13.46 -13.46

z 3.49 3.49 5.72 5.72 5.72

Joint #2 X 22.35 11.43 11.43 11.43 15.88

y 2.03 8.26 8.26 8.26 -8.26

z 3.49 3.49 3.49 3.49 3.49

Segment #3 X 19.05 13.97 13.97 13.97 13.97

y 0.00 5.08 5.08 5.08 -5.08

z 3.49 3.49 3.49 3.49 3.49

Values in cm
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Table Q.5. Crab Position Measurements.

Crab 1

Pos 2 Point X (cm) Y (cm) Z (cm)

A 11.3 16.5 24.3

B 0.0 16.5 24.3

C 0.0 16.5 28.3

D 0.0 16.5 35.0

E 3.4 16.5 35.0

Crab 3

Pos 1 Point X (cm) Y (cm) Z (cm)

A 12.3 12.2 26.0

B 0.0 12.2 26.0

C 0.0 12.2 29.3

D 0.0 12.2 36.5

E 3.8 12.2 36.5
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Table Q.6. Differences in vector and measured length.

Vector Measured Difference

Crab 1 Pos 1 Pos 2 Pos 1 Pos 2

AB 11.3 11.3 11.3 0.0 0.0

BC 3.9 4.0 3.9 0.0 -0.1

CD 6.8 6.7 7.0 0.2 0.3

DE 3.8 3.4 3.4 -0.4 0.0

Crab 3 Pos 1 Pos 2 Pos 1 Pos 2

AB 12.3 12.3 12.3 0.0 0.0

BC 3.3 3.3 3.5 0.2 0.2

CD 7.2 7.2 7.1 -0.1 -0.1

DE 3.8 4.7 3.5 -0.3 -1.2
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Table Q.7. Calculated Crab Limb Positions.

Crab 1

Pos 2 Point X (cm) Y (cm) Z (cm)

B 5.7 0.0 0.0

C 5.7 0.3 3.9

D 5.7 0.9 10.9

E 9.1 0.9 10.9

Crab 3

Pos 1 Point X (cm) Y (cm) Z (cm)

B 6.2 0.0 0.0

C 6.2 0.3 3.5

D 6.1 -0.4 10.6

E 9.7 0.5 10.6
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Table Q.8. Calculated Crab Limb Position with Offsets.

Crab 1

Pos 2 Point X (cm) Y (cm) Z (cm)

B 0.0 16.5 24.3

C 0.0 16.8 28.2

D 0.1 17.4 35.2

E 3.5 17.4 35.2

Crab 3

Pos 1 Point X (cm) Y (cm) Z (cm)

B 0.0 12.2 26.0

C 0.0 12.5 29.5

D 0.0 11.8 36.6

E 3.5 12.7 36.6
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Table Q.9. Differences between Calculated and Measured Crab Limb Position.

Crab 1

Pos 2 Point X (cm) Y (cm) Z (cm)

B 0.0 0.0 0.0

C 0.0 0.3 -0.1

D 0.1 0.9 0.2

E 0.1 0.9 0.2

Crab 3

Pos 1 Point X (cm) Y (cm) Z (cm)

B 0.0 0.0 0.0

C 0.0 0.3 0.2

D 0.0 -0.4 0.1

E -0.3 0.5 0.1
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Table Q. 10. Local Reference Frame Vector Coordinates for Ankle Model.

Center (mm) X Vector (mm) Y Vector (mm) Z Vector (mm)

Pos Limb X y z X y z X y z X y z

0 tibia 0.0 0.0 0.0 237.0 0.0 0.0 0.0 10.0 0.0 0.0 0.0 19.5
talus 247.0 0.0 0.0 257.0 0.0 0.0 247.0 12.5 0.0 247.0 0.0 19.5
calcaneus 282.0 0.0 5.0 307.0 0.0 5.0 282.0 40.0 5.0 282.0 0.0 20.0

1 tibia 0.0 0.0 0.0 237.0 0.0 0.0 0.0 10.0 0.0 0.0 0.0 19.5
talus 247.0 0.0 0.0 257.0 0.0 0.0 247.0 12.5 0.0 247.0 0.0 19.5
calcaneus 282.4 2.4 0.2 306.9 3.9 -4.5 278.7 41.7 -6.3 285.0 5.1 14.7

2 tibia 0.0 0.0 0.0 237.0 0.0 0.0 0.0 10.0 0.0 0.0 0.0 19.5
talus 246.5 -3.1 0.7 255.9 -6.3 1.4 250.3 8.7 2.3 244.4 -5.1 20.0
calcaneus 280.7 -12.0 3.7 304.8 -17.8 1.0 289.8 26.9 2.1 282.4 -11.8 18.6

3 tibia 0.0 0.0 0.0 237.0 0.0 0.0 0.0 10.0 0.0 0.0 0.0 19.5
talus 246.7 -2.4 0.6 256.4 -4.7 1.1 249.6 9.7 1.8 245.2 -3.9 19.9
calcaneus 281.6 -8.4 3.0 306.0 -12.4 -0.1 287.6 31.0 0.1 283.6 -7.7 17.8

4 tibia 0.0 0.0 0.0 237.0 0.0 0.0 0.0 10.0 0.0 0.0 0.0 19.5
talus 246.7 -2.4 0.6 256.4 -4.7 1.1 249.6 9.7 1.8 245.2 -3.9 19.9
calcaneus 279.6 -12.0 8.9 303.5 -18.7 11.7 289.5 26.2 15.1 277.3 -13.8 23.6

5 tibia 0.0 0.0 0.0 237.0 0.0 0.0 0.0 10.0 0.0 0.0 0.0 19.5
talus 247.0 -0.8 0.2 256.9 -1.6 0.4 247.9 11.7 0.6 246.5 -1.4 19.7
calcaneus 281.3 -4.7 7.4 306.0 -7.4 9.4 285.3 35.0 11.0 279.9 -5.9 22.3

6 tibia 0.0 0.0 0.0 237.0 0.0 0.0 0.0 10.0 0.0 0.0 0.0 19.5
talus 247.0 -0.8 0.2 256.9 -1.6 0.4 247.9 11.7 0.6 246.5 -1.4 19.7
calcaneus 280.0 -6.8 10.0 304.1 -11.2 14.8 285.3 31.9 18.3 276.7 -9.4 24.4

7 tibia 0.0 0.0 0.0 237.0 0.0 0.0 0.0 10.0 0.0 0.0 0.0 19.5
talus 247.0 -0.8 0.2 256.9 -1.6 0.4 247.9 11.7 0.6 246.5 -1.4 19.7
calcaneus 281.7 -3.7 6.0 306.6 -5.7 6.5 284.9 36.2 7.2 281.4 -4.1 20.9

8 tibia 0.0 0.0 0.0 237.0 0.0 0.0 0.0 10.0 0.0 0.0 0.0 19.5
talus 247.0 0.0 0.0 257.0 0.0 0.0 247.0 12.5 0.0 247.0 0.0 19.5
calcaneus 282.0 0.0 5.0 307.0 0.0 5.0 282.0 40.0 5.0 282.0 0.0 20.0
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Table Q.l 1. Limb Orientations in Ankle Model.

Pos Limb Yaw Pitch Roll
0 tibia

oOo oO© oOO

talus

oOO oO© oOO

calcaneus

0O© 0O© oOO

1 tibia

0O© 0O© oOO

talus o © o oO© oOO

calcaneus -10.0° 1 y* O 9.4°
2 tibia

oo© oO© oOO
talus 6.5° 17.7° 1 o

calcaneus -6.7° 13.2° 2.3°
3 tibia o o o o © o 0OO

talus 4.6° 13.3° -5.7°
calcaneus

O001 8.6° 4.2°
4 tibia

ooO oOO

O o o

talus 4.6° 13.3° i O

calcaneus 00 o 14.4° -9.2°
5 tibia

oO© oOO OOO

talus 1.4° 4.5° -1.8°
calcaneus 5.1°

O00uo -5.1°
6 tibia

oO©

o o o O o o

talus 1.4° 4.5° -1.8°
calcaneus 12.9° 7.7° -12.1°

7 tibia

oO© oOO oOo

talus 1.4° 4.5° -1.8°
calcaneus 1.4° 4.5° -1.8°

8 tibia o © 0 o o o O o 0

talus

0O© 0OO

O O 0

calcaneus

oO© oOO

O O o
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A representation for multilinked systems with 
arbitrary revolute joints in human and arthropod

limbs

Chfi&topher M Stores Si d i Wmftar, IEEE, Anne XI BoVAsX&t, Associate Mmbsr, IEEE* Charles 
I B  l n n 'elfow, IEEE., Normas M  Witriol, Dale <X Anderson

,4 fair act—Arthrop©d anti human limbs are 
sysnmis In which tb<? revoUifr joieits are nor orffwgorml w  the 
limb segmente or to *ael>. other. The OctovfcHailtfttorg (DH) 
representation 1$ the tracUfiomd model used for orthogonal 
systems such as btdustrhl robots. W hen applied to ay stmts with 
ram-orthogonal linkages, die DH representation projects the 
reference frames outside of the limb segments and presents other 
computational difficulties) A  n w  method to represent kinematics 
o f mitHIHaked loft’fT"|i«t(T toocliiitti^Ns is proposed. Tfctv* 
ditnensional computer graphics techidqnes act on arrays of 
points describing botfecs that move about arbitrary revofote 
joints. This computational model has been adapted to represent 

systems such as animal limbs to calculate both 
(X, V. Z) and orientation {>;«\, pitch, and rod) of 

limb segments and joints tor measurement 
fiie linkage parameters are explicitly slated. This 

method allows a simplified representation for lite kinematics of 
human and animal limbs by maintaining reference frames within 
the limb segments. It reduces errors such as tine are sine errors 
associated with Euler calculations and the arimulh errors seen 
With the OH representation A common computational .system is 
provided for simulation, design, measurement anil animation.

Index Ter/tt$™”Bio«iechaiifccs, qtatbl linkage Kinematics, 
Mohoiks. Biometrics

I. Ik  m  -f>i m w

There has been a recent increase m interest m  the 
simulation o f  arthropod or human Itmhs in robot design
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[144] These RiuJtilinked robotic limbs use orthogonal 
mechanisms, usually revolute joints for ihctr mechanisms 
115] The kinematics md kinetics of the iirnb segments are 
calculated w ith the Denavit'TIartenberg (DH) representation, 
ft simplified system that uses only four of six joint parameters 
for motion., that has worked well for planar and orthogonal 
mechanisms for over fifty years by reducing matrix size and 
the number of matrix multiplications |16}.

Arthropod and human limbs are multifinked systems with 
revolute joints that are not orthogonal to each other or to the 
limb segments [17-40], Such revolute joints, known as 
arbitrary revolute joints, produce three-dimensional spatial 
motion with only one degree of freedom, thus the revolute 
joints reduce the limb's number of degrees of freedom and 
control complexity. A vector (d) and. two angles of offset the 
twist (a) and cant (p) angles shown m Fig,. 1, define the 
location and orientation of arbitrary revolute joints The 
resulting limb movements are in different planes at each 
revolute. The simplification of these linkages with the DH 
representation produces several problem* [18] If the twist and 
cant angles are not 0 or 90, the reference frames are projected 
outside of the limb segments bv DH representation If the 
mechanisms are nearly parallel to one ot the coordinate axes, 
DH incurs large azimuth errors [IS],

jX-axh Rotali oi^,
L . ^

i
Fig. 1. Ttie a  amt f) offset axes and d offset portion.

We propose a representation based on computer graphics 
techniques for rotation about an arbitrary axis that i* suitable
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IsovideTthe mat ion ik>u.t the r-axis Pitch < th de'Cr}be.> the 
rotation about the r-axis.
1 0
0 cos fa, 
0 sin(’
0 0
cm lp)

n
s«H "i
u
81

U
• smfp j 
co«(ot) 

0
sin(p)

d
cos(b)

(f
CC Si 
' il {8

o
sinfw)

costal
o
u

(3)

(4)

15)

4 joint raati^n m itn<i[Kev'ide!iiU’'tlic amount ot 
a  w  on about the arbitral o\is ol the re\ ofute jimif 1 he a 
.mi/? angle»ot oitVa are cakulatcd ft am the r-am  m allovr 
hwthcfiUU n ot thfc» foiut R la aknil tiu. r iu* *> sn (5) \  
single rwUUou matii: t |UM iroa ».«. luinn'tp »s used to define
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Position 0 Position 1 Position 2

— A

Position 3 Position 4 Position 5

(6)

t ' !$' ->6 i
s *

V1 a. 2 . Displays positions of a two p m  system gysrsy thrcmgh a series of rotations defined in Table I

the orientation of a limb in space through a single rotation 
once the yaw, pitch, and roll have been tabulated.

cjit) dV) $(#) ’ctdsfoj
-c[<4s(p)c(!3)-*s(<|s[i}) c|csjc(») 4 i»M 
c(:i|s(#)s(«y*s(|l)c(<ij <4ti)sl tt ,(4 cMt{)1

0 0 0

In Equation (6). c rtfens to cosine and j  to sine.

A , S y s t e m  D e s c r ip tio n

A  relative object-oriented design utilizing limb, joint, and 
system objects facilitates the setup o f  the model using global 
positions and angles. The global origin and axis are 
designated at the local origin o f  the most proximal limb 
segment. The limb is modeled as a cuboid defined by length, 
width, and height for simplicity, but any shape with any 
number of vertices can be used. The local reference frame for 
each limb segm ent is located arbitrarily at the segment 's 
geometric center. The joint is defined in relation to the 
proximal and distal limbs Due to the sequential operation in 
traversing the limb, the program progresses arbitrarily 
proximal to distal. The displacement offset for each joint is Ihe 
x lf,  y /p . and Zff, offset from the geometric center of the proximal 
limb. These define its position m space in relation to proximal 
limb. Next, the t»-axix), fi,? (y-axis), and %, (2-axis) are 
defined as the offset orientations from the local axis of the 
proximal limb f  hen a similar set o f  offset orientations -(«.* 
fiat. and 9uj) are defined to allow the rotation o f  the revolute 
joint to align it with the c-axis of the distal limb. Finally, the 
offset is defined from the center of the revolute joint to the 
geometric center of the distal limb, x u , y,* and c(1(. No range 
limitation is enabled to allow axis positions or orientations 
that are considered out o f  the  range of natural joint motion as 
in fractures or dislocations.

IV . K in e m a t ic s  o f  t h e  M u l t i - L in k e d  S y s te m  

A tnutti-lmked system assembled to the specifications of an
I te and followed by a series of rotations is shown in 

t I tie local coordinate systems are set at the origin for all
I mb I Mreftwe, the limbs are moved to their positions and 
orientations in space via the matrix multiplications shown in 
the pseudocode below:
I • [V)J -  [ T « J  P W J  [R r,» .) P W J  [ R /« d  [R(,k«I (8 i.,«1 

fT.,vd IV ,]
2. (V..] -  [Toy] C R w iJ {«>.,»] [Rt,,#.] [R-'.- J  fR.w.,,1

rhj m 3.............................
 4.............................
 5.............................
6- [V„] =  r u i  [ R „ ip] [R ,,. ,.]  [ R „ * ]  |R „ . a ]

P W I  [V .l-
To rotate the distal limbs around a respective joint (n), the 

joint axis is translated to the global origin and the axis o f  
rotation is al igned with the r-axis I he com ention  tor local >  
axis rotations has been designated as the rotation for each 
arbitrary joint. AH other axes are held constant ui the initial 
specification.

Once the system is built, it can be optimized from the pure 
computer graphics framework. By using the position (jp) of 
the revolute joint stored in the vertex matrix, we can use one 
translation to bring the joint to the origin. This optimization 
creates a  reduction in translational matrix multiplications by a 
factor of 2*{n-l) if n is the number of the joint to be rotated.
In addition, the optimization provides less overhead as the 
number of vertices to be operated is reduced by c*n where e is 
the number of vertices per limb and n is the number of the 
joint to he rotated. Ifre optimization is detailed in the 
pseudocode below:
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1. , tu r'p i
2. [V > (R u ^ l 'lH  l ' i '  i

a II the imnl h  ?H«? iomt of r i tump U-Mop nme
3. | \  I iK | ‘ !K ) 'IK  , ) ’ P< J V  I
4. | \  I j k j  1 |K ,1 ‘ | \  I

a If ?he b^rii is the joint id rotation tumpto >Upn*ne
5. p „ |  [K r*IK ! MR ,1 MR I 'I ' I
6 . ,  ............................

7................................
X.................................
• IV I [k )|R  | (Kev J | \ „ |

■MkT inm r  rotated the n**5tem r- k turned H* ;!■ ■ proper 
global oi. palmate*- *i:» tolloWs
1 [ \ , |  |K .,,j fR , -I (k. - I l ls  ,11k, .HR ,,,||V ,1

3. . ......................
4. .............. ... .............
5. [¥ J  fK <, \ {K j|K  i |K MR J  fR , J  \ \  j
6. |V. I (K t • ] |R . | |K S|R J |R  [K ,  | | \ , |
* fV] H’.JI' .1

\  * h M ?  \M 5 k  41 A L j\U ‘X

ihe cotton  anaut in abnr.uv kwoIuic jomt in a 
rtuUslmkt d AbKjn allows feim mntv*nk‘ include 
displacements m .til ihac U«nu*n scm' and « hilior^ about dl 
three coordinate axes In mechanismswith orthugon ?l 
rev okne roinK three rev olme inmts v, onlcl be required to 
k-facv e the same rotations Changes m link ’ aw pitch and 
toll Hu lex angles occut tr> *m lutuUtr ak-ut j »mg!e ieu» ute 
}omt lh*fefok foe new vaw ptufo and id l are uaUulaicJ 
alter pruximal jmnts are DUaicd T o iviud error in b ick 
calculation of the mentation \ xa p< Mtiun c oixbrntes m i eai 
dalk the saw p?f\h s'vJ lAi an </ile«taVd \ i < the j 4aUon 
sequent, e throughmulhpUaLop of onb ihe r>'l.ilton nuiiik «.
1 he sequence nece>sai> lot rotation uung 1 ulcr angles 
ielu ted  ih.il the I'uentattons he calculated m the order 10I! 
piivk and saw as g\ no The calculation of saw. pitch, and 
tvd is tabulated huh was > s<. tHsst each method could v enfv 
the otfiei I tie method ot back <akutatsem ts aaemphfocd hv 
hr 4 nan* luting the hmh hick tv ihe global ongsnot the 
coordinates s\siun by using the limb tenter ,ls the offset ter 
the translation matrix m t ?>.
VI Q i) r J
Ml 1 0  i M? '  :-,"J10 0 1 ; j
U ! 1  1 :

Roll Mr its calculated b\ projecting ihe local}*4\is unit 
vcftom  it% } it} r *£•) onto the yu-p!urte (11 > and 
xMlcuhitir  ̂the nm»le ol rotation ikj between u and ihe gloktl 
^axist 12j.
n' [0. r mk~ u\ (II)

s x " (12*
P m

the an iunaton only returns values between /eio 
and x Indians so it :ls multiplied Hv a fuel or that is d  or !

depending < m ;  u \ m fi.sjie< i to iiw vv-plaue \  mmtlar 
te s |x \ tiv e factor is otu tiphed fo determine angle direction for 
can  and pitch f he com puter animation standard rotations 
u,v\l d ts i^ iu ie  positit e angles as vounter d o c k *  fse r<«itn ay 
O j I or n  a fv^ittve angle le q u n csa  clockwt'it* rcHahon w  
align ?r with the g lo k i1 v-n\is iherd>*ro the n k u h t i d a i  
n \ cried The '•emrtnuoa calculations o i pitch t l ^  iiid  t ■» q h  
follow the standard convention ol positive m g k s  tor o\.i n u r  
clockwise ratatioiis. Using u  unv a\i<- relation m **ris is used 
to rotate the Hmb so that the h v d  t a s !-, v cv u s  V *- -n rhe vr 
plane.

k n e e  u aircfidv lies w ithin die ry  p k n e  nut w as ca lrub tcd  
\\ ith the absolute \  aluc o f  i t " (13), the pitch feu d  be 
i.akuktexl fioin the angle o f  rotation between u  and the 
global r - a x ts ; i-v

« * -  V K V ji.’H ' (13)

rt cos-'fw'-rO.lOl) x u y
0  4552   X ! 4)

uia A' m’
’i aw ($) w qU ias the asc xi a^-cparate Scsril a s c  t m vefhe 

local t •» unit vs-> tor Y alrgnc»l with the uhuxil % axis The
k< ,al v-u\ s unit vedo rhv  ux, y  sex z itXi is piote^tcvl*m tothe
.v*r-nlanc { IT) ,o that the angk between the v-au*. yycIot 
r \ u \)  aiuf «he global  ̂ axis is caw u la u d  as the \aw  «q die 
in a b t l»k

P  \  ?n-.0.r nr  1 17»

c o s  ! j u  m \ H I  0J \ 2  tL\
l7 ♦ 1 1^ '

m *’i im
f  lih /in c  the tr k u l ilea vaw psiih a n d r d l  w t t d h k v  

n u n c  and ormnt t i e  b tin w ithout res 'rtm g in sequent a! -.teps 
as m dVf.
M I IMIK.IltslIKflM j

Inability to  make \m d l  precise measurements for ihe 
position oi hint»s introduces the possibditv tor targe errors 
when back u lu tk lm g  ihe taw  p ik h  and r-tdl lor a Itrfb 
especialh at the m p k x u  h o m 'a d d t tiu n to b a ik ia la ik u n g  
die },iw, pueh .and roil horn the hmb <• p. anon  K latn e tvs 
u lo k  1 aw -, the \ a o ,  p iu h  and r*>11 arc caiculalcdsntelv with 
the inputted rotahnn m itrices The rotation m autce* arc 
ordered as th*H w ould he for the nuh ip lK aii ►rt r 3 build a  hmb 
as pret laitsK show n m  pseudocode abo\ c but nn trap-ktionR 
n <, u-^ed 1 heiotiUOM m atrixot if<) i« theuoutem ed Iw u^mg
an i s d e u d ^ q u t iw e  wt “otaturn matrix m ultphsaa.m .s, the 
l^ u d o c o d e  is given to back c a k u k te  % aw. ;ewJv and fv ll 
honi ihe v alucs m the iol ifiou matrix as kdlow »
1 [RMj] ~ [kj tp} |Ri [Ki_ ' iHRf ja llR i til
2 jRXkj |R i I,] I k ' rp j[R i.,p |IK 2 «elA
4 , ........... ..

6 i'R\y -mr, ’di», fRfc*i nx. ■<} ix mpx.*]
Pitch i> calculated tirst mce t* \ has one uni nown ikx au^c 

ihv ate nne lumli*. n rm g e is )  x 2  x2$  ?» h t i Xited fir*-f 
this go uantees th  tf Ilk p« h » ill alwxivs be k s s  than z  2 *■ ia 
the order to  *,akul ik  Fuler > \  i\\ pitch *nd rok
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« = sin-* (/6V/(1,2)) ail)
Roil as in (12) is negated to provide the correct rotation 

direction. The z component of the y and \  unit vectors is the 
for roll and y aw in (14) and (18).

a  =  -cos"
RM (2,2)' * ' -j<y

cos(ff)

|« M ( l , l ) ' 4 z  ttx

cos(tf) \z »«|

(21)

(22)

This method allows one to track the yaw. pitch, and toll of 
the limbs without die need for position data (except to track 
the sign for yaw and roll),

VI. R h s i m s

To verify our methods we rotated to a t cad position and 
then back to an initial home position with different rotations 
on the way back to the home position. Our final vertices 
matrix equaled the initial one thus verifying our method, since 
a closed loop rotation is the identity matrix. Table I slows the 
sequence of rotations mid initial offsets that ate illustrated in 
Fig, 2, Figure 1 show* * simple system of only two arbitrary 
revolute joints; however it is given as an example as if is 
simple to expand to a matrix of vertices representing detailed 
objects. The yaw, pitch, and roll are calculated both through 
rotations and by bnck-calculatkrn from ihe aid position of 
each limb lor both joints with rotations from -ISO0 to 180“ in 
1“ increments. H e  angles were found to tic equal. 

r«.ti

apparatus begins at the end of the most proximal limb, whose 
center is located at 1375 incites on the positive c-axis. After 
measurements and adjustments were finalized, the data were 
converted to centintetere. The differences were calculated 
between the confirmation values and the modified calculated 
values. Error was calculated as the Rom Mean Square (RMS) 
of the difference between the measured and calculated 
coordinates. Table 2 shows a maximum 6 mm error, which is 
within the experimental error of the measurement method 

used.

, RMS 
[ Segment

m
m

K I V S. , i H ll.R  v i

I t _ 1 ----V----------- 3 4
<1.34 OAI 0.60 033 (UP
11.18 0 ,1 7 036 036 0 .17
11.311 0.25 0.41 0.41 0.25
(1,211 0 3 8 838 0.58 0 ,4 8
0.17 0 3 6 0.36 0.36 036

B. Ntmmhagmat Rotations 
Measurements were also performed on snow crab legs 

(Chmxuxttu apilio} to verify rotations for nanorthogonal 
biological revolute crab joints as seen in Table 3 |33|, Two 
different crab legs were used and measurements were 
performed on each crab leg in two different positions. The 
measurements were tirade using methods of the orthogonal 
section above. One of the positions of the Crab legs is shown 
in Fig. 3; the results are given in Table 3,

o v - v r R V x ts
IS--,

Joint
1

"<e.....Ihz...... .......
5“ 10“ 0*

......Pa ....J tu u
-5s -UP 0° »i E ..... -

2 15° 20° 0* -IS3 -2(P 0° D ....
Position Rotated Joint Degrees

0 None c .......
I 1 45° B2 2 30*
3 1
4 I -20° >■
3 2 -30°

A. Orthogonal Rotations
To compare our methodology to real physical data, a 

mechanical linkage system {restricted to orthogonal axes) 
using joints with adjustable twist, emit, and joint angles Isas 
been devised and fabricated. Measurements were made with 
respect to right-hand Cartesian coordinate system using a grid 
on drafting paper and a ruler for the vertical z-axis, The 
drafting paper was taped to a fiat tabletop, and one end of the 
multi-lmked system was secured to the tabletop. The system 
was offset since it was above the tabletop. Adding 2.313 to the 
x values and 1,375 to the /  values adjusted the calculations.
An offset was used since the our method takes the global zero 
to be at the center of die most proximal limb, while the test

Fig, 3. hoMJioM m e  of crab k g  throe.

I \\ if *Rmxnms a’ imrM »t* Ck\h umb jams
Crab 1 Joint ®tD K ihd
Pos 2 1 -5° 90* W> 5* -90“ 0*

2 -35* 90* r 35* -90° IP
3 -5° o r -90* 5* -90“ 0*

Crab 3 Joint Oh. ftt. .. .......

Pos 1 1 -5“ o r 90* 5* ■W r
2 •40“ 90* 0* 35° -90* ip

3 -3° 90* -90* 5“ -90* #“ !

The methods used lo make the measurements were similar to
those of the orthogonal axes measurements, H e  level of
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accuracy in the measurements was determined by comparing
the vector lengths of (he linfe compand to fee tmanaad 
langth of die kmb (accuracy within 0.3 cm required, which 
allow* for ±1.3 mat etror for each axis coordinate). 
Measurement* meeting this requirement attained comparable 
results {Table 4) with our simulation shown in Kg. 2, Sint* 
the measurements were carried out similar to the orthogonal 
linkage meamirement* withmeaairement* taken in 
centimeters instead of inches, die errors were the same. All the 
noiiorthogomil measurements ihni met the required accuracy 
had RMS error l«e than 6 mm.

T a b l e  a

km$ of wrauwet* t» e**» ism tomrnhtto
RMS B c D E
C rsb  1 Pos 2 0.0 0,2 0.6 0.6
C rab 3 Pos 1 0.0 02 0.2 T w i n

VI!. A MODtt TO*. CAUBRATtON Of M B  AmtM 
MVASDR2MEN1S 

A model of ihe human ankle wa* developed based on three 
segments with two arbitrary revolute joints (Table 5). The 
segments are the calcaneus, talus, and mortise (comprised of 
the tibia, fibula and ligaments). The talocrural joint (upper 
ankle joint) and the subtalar joint (lower ankle joint) are 
arbitrary revolute joints (31, 32, .39], Isman and Inman 
measured tire location* of (he axes in the bones relative to 
each other (Table 5) [31,32]. A computer sromation of the 
ankle joint*’ was made as seen in Fig-4

Fig. 4 . H ie  ankle model an Ihe second portion  o f our arittdadfjsi to  d 
both « fitiglif planter!) w iou md

tall X*,
r Tl'r 1" ^ *R ANV  ̂ i ,.'r-

Joint h V,v «ri A t A
talocrural 4 0 s -16s 0s 20" 16s 0"
subtalar -di* -67s 0" 41" 67s 0"

V1U. Discussion 
The DH representation has been used to measure the 

movements of animal joint* with a six revohrfe orthogonal 
meehani*ra [53,54) m i  represents the mechanics of the

arthropod limbs with their arbitrary revolute joints [23,
34 j. Albright, el fd., described the difficulties encountered 
using DH for linkage* with wUhai} axe* and suggested a 
more flexible method, which utdwed directional cosines (18). 
Buford, et a i, used computet graphics technique* and 
arbitrary revolute joints for computer wniuMo# ofhuman 
hand joints’ motions (45. 48,49|.

Our proposed model is a more complete method for 
multilinked systems fe*n the Dl I representation or Albright's 
method, but requires more ooniptitaiional power for motion 
ritiiulatkm. Thsae computations, whose complexity presented 
difficulties in past years, are now feasible because o f the 
increases in desktop computing capabilities. Programming 
in Mstbb*. a common software program, allow* for flexibility 
in a variety of sellings Outputs for mobon oflimb segments 
can be in j o t ,  pilch, mil. x, y. and z values; a representation 
commonly used by engineer* The method is three- 
dimensional and has dm same computational approach used in 
computer graphics and CAD software, thereby providing a 
common language to modeler, designers, engineers, and 
biologists. "Hie technique involves lranstatj.Bg and rotating the 
limb joint mechanism to align with * reference coordinate 
axis, rotating the joint revolute, and then the mechanism is de
rotated and de-transkted back to its correct position. There is 
no order dependence tor joint rotations. This approach reduces 
the azimuth errors and keeps the limb or joint reference 
flume* within the limb segments The parameters describing 
e«h  limb segment .mil revolute ,ue c!e:ul\ defined, 
simplify ing the hmb : tneilunieal description and kinematic 
modeling. Tire errors between the measured data and our 
technique are widn the experimental errors of our 
measuranent proce*' . bus. il i reasonable to assume that our 
methods of calculating the position* of the limbs are correct 
lor orthogonal and iron-orthogonal rotations. The identity 
matrix that is attained from the closed loop rotation also 
validates flic methodology. Our method van be gejieraBzed to 
represent linkage* wife my lower parr mechanism.

The method can tl*o be used to compute limb dynamics 
and control Ginrintano, et a! used sojilustn. iled nondinear 
optimization to resolve static thumb joint forces using a five 
wbitrsry ravoliitei manipultitor [4(»]. The solutions of static and 
dynamic forces in a non-orthogonal system are much inoi'e 
difficult than in the more common orthogonal robot 
designs. A design advantage of our method is feat the 
resultant forces are three-dimensdcml and can project out of 
the plane of the limb segments. Solution* for the dynamics of 
non-orthogonal systems are also ruore complicated Burn for 
orthogonal systems. In addition to centripetal forces, Coriolis 
forces become red factors for each moving linkage and may 
ptoj eet out of the plane of the I i mb segments or the lira b 
itself. These forces can be additive and. tare of great use to fee 
moving crab or human. They are probably an important factor 
in fee evolutionary design t f  limbs and their joint*. Robotic 
design* exploiting such forces could improve robot efficacy 
including more rapid motion, improved efficiency of motion, 
increased dynamic toque, and increased (or decreased) 
impart forces.

A better representation of the forward kinematics of animal 
limbs should assist in fee understanding; oflimb motion, in
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hm b mU am  tk? ign m d k  better votut i»j* lut h u m .
1 a en u lk  •. \ uptchtA de* dnykd  * mod jot tmdina flu 
position i id ^ tcn l'U n  n o l < n atntttazv nw oiute irom ihtot- 
dm t< sM em tU atai^ s |*sic}t an d io lh  * u h
<ppU *u«nti» ih tfdrkrt\ {M j 1 h t n eihndw<H ie r \  a c tu a te  
•md precise imnUut M jom b with nnh  on* tk c r tc o t
jjtedorn  < iV ate \.h  long hmi< *,gmenl, <md 40 ir< 4 mot sun 
ot 3 > k-tU oHdegKVs Minim **i I* U n J t  wiigut ‘ttOli >psRe 
«iml\ -.is ot human v u n i ih t c  dim ensional h ta  iu deformine 
the i un tv* i  I k g v  k  U  t *vUoro m the jo’nt ami to 
deiernu se the jseth % of im<uon \v ithm ihe -.pace w hit h J i m  cd 
vtiK m e  d e g u e  o t Ijvcdum [57], lu tu rc  *GwMr» I h  II m prusc 
aur rua»urenw  i<4 tomt moUun .aid tS? aruih »s md de i^r 
a i  jo in t and Innh Hmmwtr- rrw ham sm s-

LX. f \ * * r t i r v n \

A i nui 1 mb n t ih a  io n  s are tl re t dimens w m !! m em atk 
vbam nh iu  n c r th ^ 'tw l  revolute (ounft 3 \c p jo p o e d  * 
m ore com plete rs * thod lo r the repre e? UUnn and . n s tlv i , v I 
ih e iu ^ e m e  is of these n d other three dim ensional Itnl a g e , 
O n Sh \  ?Mo c\ t l  ul . n  presentatu n o  si m lar to th it u»«l 
in^w m ptte ran tm anonand  o o\ick s iu m im m  aidcic.u 
language tor d t s ^ n e t . m o d d u * , amn aio rsand  biologist.

\  V  b\> e» i i  s,r,}- m i m s

H e would lu x  to lh a ii U r \ \  dhanr E'Uiord Er ot I 
lot his insight isd help w ito this paper

IM P

\! k! muA* i >
| ] |  \  tam os NI \  h ire r te r and P J o n ia h  it U .

vH iw hk  s<nml it iu ro , i h u i-k ”g e d g  nt,’ in 
S \ 'h .*m \i<m j t k f ' ^ h  t t k ,N \  H i t  Im uhxtf tonal 
* fu iitt* , *t  Iy ^L  pp 4 ^ S 'O  

(2 j hsirem era a n d i’ Unn ah' tk  "santo* "Oene Urg
v<» Urn u a s k e e c  s b g r f ,  io quadruped soimt on 
m eg  il«r ien v r  ” P>)hoUt\ I t ! h  i n  *tv ? hum  m  
% id 21 pp h '*7 Pi7o 2 ^ t s  

] '}  /  1’ulmi W W eigm., I 'j uedong and U P.ingvin
(m ini dnecno itjl quadruped v ia lk ingga h a n d  

Mmu’atio tur a g in l la  r >h, i ’ tn /, U Robots 
amlS\ >tvm\ } h.cctthn^s vf 200. Ii I i HSJ 
InU?m{0<mJ}{ *m 2 !r h  pp U d I 1126

|4 j i Ueng H Pom atuU W^rgotles sdh-sU oih/ed
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iV bstr̂ et

Our objective was to show that detriment* to postural control exist prior to the 

development of peripheral neuropathy in type 2 diabetes with no fall history, lliis  study tested 

diabetic mature adults with peripheral neuropathy (DPN: n~17, nerve conduction velocity < 40 

in-s) and without peripheral neuropathy (DNI: n 11} and healthy mature adults (HMA: n=34); 

all aged 50 to 74 years. No nerve conduction or latency differences existed between HMA and 

DM . All underwent static and quoM-statie postural assessments, with the latter assessed by short 

anterior platform perturbations DPNN anterior-posterior center-of-pressure static metrics 

diriaed  from HMAX Both diabetic groups had higher thresholds for acceleration than HMA at 

1 and 4 mm anterior pertui bat ions. Both had higher plantar touch thresholds than did HMA. 

Since both had markedly higher thresholds to detect short perturbations, we conclude that
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peripheral neuropathy in diabetic mdiv uluals is not solely the cause of decreased postural 

control.
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Introduction

Postural instability and diabetes are leading risk factors for M s, which are a common 

source of morbidity and mortality in those over 65 years old (1, 2), Elders who M l frequently 

have an unsteady gait (3) or poor postural control (4), Fails lead to a fear o f  falling in the 

elderly, winch inereaves the likelihood that one becomes honteboundor bed-bound, thus 

resulting in a poorer quality o f  life (5). Diabetic individuals can also develop subtly impaired 

cognition, have lower reaction times to perturbations, and have a higher incidence o f  falls than 

their age-matehed cohorts (4, 6-9). People w i(h diabetes who have lower limb peripheral 

neuropathy show increased postural instability over diabetic subjects without peripheral 

neuropathy (10), and have increased likelihood o f  falls (11),

Postural control in elderly and diabetic individuals has been studied during quiet standing 

'and has shown decreased stability in (10. 12-15). Prieto, et at., has shown that significant 

differences exists in a large array o f posture metrics between adults and the ekferh (12). 

Lafond, et ai., has shown that significant instabilities exist beiw ecu diabetic individuals without 

history o f  falls and their elderly cohorts (141 We want to show that same instabilities can be 

seen though a large array of quiet standing metrics Also we felt that oar test that characterizes 

the response to  small it ansiem platfonn movements w ould be a more sensitive method for testing 

dynamic postural instabilities than methods that use wai.sl-pulls at the hip, targe perturbations, 

and tilts (16-24), Thus we developed a scries o f test protocols that use the Sliding Linear 

ln \ e.stigath v Ptalfoim lor Assessing Lower Limb Stability with Synchronized Tracking, BMG  

and Pressure measurement (SI 1P-I VI1 .X-S 1 !■ Pm) (25-29).. Our novel platform and its tost 

protocols focus on quantifying diflcicnees hetw ecu groups in their ability to detect small 

m ovements (» !  mm). T im e small mm  omenta that arc » ithin the normal sway range provide the
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mechanism to study how  humans stand, as opposed to how  humans prevent falls to  discover 

deficiencies in postural control (hat could lead to an increased likelihood o f  falls.

By studying diabetic individuals both with and without tower limb peripheral neuropathy,

who have no history o f  falls in either group, we have are able to study people who are at hieh  

risk for falls but hat c not become k\  mptomatic. The aim o f  oar study was to invest! t h ther

large fiber lower limb neuropathy seeondan to diabetes was the sole cause o f increased postural 

instability.

Research Design and M ethods;

Subjects

Our subjects were well-controlled diabetic mature adults with peripheral neuropathy 

(DFN: 4  female and 13 male) and without peripheral neuropathy (DM!; 4 female and 7 male). 

Healthy' mature adults (HMA: 14 female and 20 male), all who had normal lmver-limb 

peripheral nerve conduction tests, volunteered forth# control group. To enable a precise 

comparison, only autgecta w ho completed our entire decfrophysiofogieal and acceleration 

threshold test protocol were used for this paper. Their primary care physician had previously 

diagnosed each DPN ot D M  with t \ jv  2 diabetes. Subject recruiting took place via flyer 

advertising at the Overton Brooks V A hospital in Shreveport, Louisiana, and in the local area. 

Individuals from 50 to 75 years o f age. inclusive were labeled as mature adults. Our test 

protocol was approved b> the IRBs o f the Shrevej on VAMC and Louisiana Tech University.

S

V medical history questionnaire was given to each potential subject. Individuals were not 

further tested if  they had a medical history of cardiovascular and/or respiratory It t
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neurological problems such ;» cerebrovascular disease, stroke, head or spine injury, vestibular 

ailments and dizziness, memory and concentration deficits, muscle activity deflate, nt non- 

heating skin ulceus. Orthopaedic problems such as lower back pain or spasms, arthritis or joint 

disease, and deformations o f joints or bones led to exclusion o f individuals front the study.

Those with past <x euircnf dtttg or uleolin! dependence were also excluded.

All consented subjects were screened with the Berg Balance Scale and Sharpened 

Romberg Test to assure that they were able to operate independently from assistance, end vision 

was tested (Snellen Eye Chart correctable vision required). In addition, the subjects were tested 

with the Mmi»Mental Slate Exam to insure that they were mentally competent to follow 

instructions during the experiment Patellar and Achilles' reflexes were tested to confirm that 

they were present and normal. The I>PN and D M  groups had hemoglobin A le values below 

9%., with no group differences seen in values, or in number o f subjects with values >7.(1 (4 DPN, 

2 D M ) A temporary classification o fllea lth y  Mature Adult (HMA) was made to r all consented 

subjects who reported no history of diabetes or neurological impairment. Perturbation 

testing on all o f  our subjects commenced hetore. during or alter the nerve conduction tests were 

carried out. as the scheduling o f  the NCY tests by the Neurology Service were on a fill-in basis 

between clinical tests. Once the XCY results w etc in, a final classification into an HMA group 

could be made. O f the 46 indh iduals w ithout a history o f  diabetes that went through our 

protocol. 34 were classed as HMA, and are studied here. The remaining twelve were poxitne for 

peripheral neuropathy dui ing the \ C \  k  sting These individuals were excluded from this 

analysis since we did not know the cause or the extent o f  the neuropathy, as Nwdone, et »l, 

showed that different ty pes ot peripheral neuropathy affect postural stability to different degrees.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



337

(>

and we could not rule out diabel lie epidemic prevalence o f undiagnosed diabetes in

mature adults (21, 30, 31).

Testing Procedures

The preceding tests provide physiological backgrounds on individuals for our posture test 

protocol. The ^Alternate Forced Choice acceleration-thresholds to forward perturbations o f  

constant displacement were carried out on the SI .1 P-FAULS-STEPm platform white blindfolded 

(23). .Air ta r in g s  insure that the ul!ra-l<m vibration, frictionless platform provides no 

movement cue* end allows for die to t-o f movements within die range o f  sway. The subjected, is 

presented via w irekss headphones prerecorded commands with white masking noise o f  “Ready”, 

“One” “Two”, and “I fcetde” During the four second decision period, the subject must in which 

period they perceived the perturbation!© have occurred, by a single (Interval I) or double 

(interval 2) tell press. The subject needed to accrue a correct detection percentage o f 79% for an 

acceleration to be considered threshold. The platform moves in a 100% smoothed s-eitrve, 

which allows for symmetrical acceleration and deceleration o f  which the peaks are used as the 

measurement for threshold (25,26). The peak imparted kinetic energy (PIKE) was calculated by 

£ij. 1, where m  is the subject’s mass. PAT is the peak I tion threshold, and PD is the 

platform displacement. TTie peak imparted kinetic energy accounts for individuals' mass in 

relation to each individual’s peak acceleration threshold.

o f quiet standing data were recorded to assess an individual's natural sway. This yielded three 

quiet standing observations periods per individual .Sway parameters are calculated front the four

(I)

Prior to each threshold detection session, twe i ds

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



338

7

load cells; o f the foree-plafe, Use anterior-posterior center o f  pressure (APCoP) and medial- 

lateM  center ol'pressure (M J ,C‘oP) time-series profiles were derived front the load cell data (25), 

with the convention that forward and rightward were the positive directions. H ie time series 

were filtered using a K ill/ tvjH? 2 Chebvshev low-pass filter, and the means subtracted ou t 

From these time-series, another is calculated - the resultant distance (RD) - to provide a  time 

set tes of the t eetor distance combining each APCol* and MLCoP pair. Based on these time* 

series, we calculated metric* suggested by Prieto, et a l, who had shown differences in aged and 

young adult groups (12). They are broken op into four categories; time-dotaain distance, time- 

domain area, limo-domain hybrid, and frequency domain measures. From the rime-dotnain 

distance metrics, mean and RMS distances were calculated for RD, APCoP, and MLCoP (12), 

along with the standard deviation and range o f  each time series. The total excursion (TOTEX), a 

summation o f the changes in distance, was calculated for APCoP, MLCoP, and the rector 

distance cl ange of both (12). The mean velocity is calculated front the TOTEX. TOTFX,p, and 

l O I l  \  ot 1 121 'fhc two time-domain area measures that arc calculated arc the 95"« confidence 

circular area ( VRKA-CC) and 95% confidence elliptical area (AREA-CE) with 95"# confidence 

level coming from the z and F statistic respectively (12). The hybrid measures include sway area 

(estimates area enclosed by COP path per unit o f time), mean frequency (both rotational and in 

the respective APCoP and MLCoP planes), and fractal dimension (based on TOTEX, AREA- 

CC, AREA-CK) < 12). For the frequency domain, the total power, 50*4 power frequency (median 

power frequency). 95% power frequency (95% percentile power frequency), centroidal 

frequency, and frequency dispersion u ere calculated using discrete Fourier transform and not the 

sinusoidal multi-taper estimate (12).
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Al! subjects were given the RAND 36-item (with Depression Screetter) health survey, a 

modified vet'.km of the short form 36-itcm (ST-36) I 11 rvey, which has shown correlations

o f pool health scores with individuals who had diabetes do), Tire RAND evaluates a

person's s self-reported pin steal and menial heallli mi their quality o f life. Jenkins, et a i ,  and 

I ons. et al., verified the validity and reliability of SF-36 health survey in an elderly population 

(37 .38) 1 o»cr scores were correlated with elderly who have a fall risk (5). Post-test scoring 

was perfumed automatically within an Excel spreadsheet.

Setmtws-Weinstein Monofilaments (8V M ) were used to assess sensory thresholds.on the 

sole o f  the foot by exerting a constant forcebased on budding strength o f  the monafi lament 

pressed to the foot. The monofilaments are marked with a log o f the foroe exerted in grams by 

the monofilament. These tin vshold measurements were taken on the plantar surface at the great 

toe, metatarsal at the first and fourth digit, and heel The procedure required that two out o f  three 

touches be detectsd lor a gi\ en monofilament to be at threshold at a location. For simplicity, 

with eyes closed, subjects were asked to respond when they fell the probe. For the SWM test, a 

discrepancy in sample sire exists across the test sites, because we did not begin taking 

measurements at the heel and fourth metatarsalunlil after a number of subjects had been 

recruited.

Surface lowcr-limb none  conduction tests, perforated by Overton Brooks VA Medical 

Center Neurology Sen ice by a technician supervised by a neurologist, determined the presence 

o f peripheral neuropathy. XCY were measured for the peroneal, iibial, and sural nerves 

bilaterally. In fifteen subjects <4 DNL 5 DPX, and 6 HMA), no sural nerve conduction velocity 

could be obtained. Inferences cannot be made from the inability to find sural nerve CVs via 

surface electrodes as sural nerve studies often require the use o f  needle electrodes (39*42). M-
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wave and F-wave latency teste were performed on die peroneal and tibia! nerves. Marked 

and 1 t,k.ai differences were noted between those with diabetes and the HMA group (43). This 

i u il\ w ill be presented later due to space limitations here.

Analysis

Etectrophysiologieal and subject screening results were unahved in SPSS via an 

ANOVA wiili Comes-tlo well post-hoe eorrwtum to compensate for the unequal group stees and 

vanances. Quiet standing nietrtcs also used a post-hoc Games-Howell afte A \ 0 \  4 with 

repeated measures, Statistics on Mini-Mental Kx.ini, Berg Balance Scale, RAND, acceleration 

thresholds, and SWM wcte performed m SPSS with Kniskal-Wallis one-way ANOVA. The 

Kruskal-Wnllis one-way IXOYA allowed us to account for the subjects who did not reach 

threshold hut «  cot to the maximum allowed acceleration o f  the test for acceleration threshold*. 

The Krmhal-Wallis was performed pair-wise on groups as a post-hoe te s t For SWM tests, 

geometric means are reported instead of the log values because o f  the power law nature o f  tactile 

perception (4 4 .451.

R e s u l t s

We hypothesized the peripheral neuropathy secondary to type 2 diabetes would cause 

decreased ability to detect platform perturbations. We found instead that the ability to detect 

platform perturbations is diminished in diabetic mature adults with peripheral neuropath} tl)PNj 

and w ilhout pertpheral neuropathy (DNI). both as compared to healthy mature adults {HMA). 

suggesting that the presence o f diabetes itself was major factor in an increased detection 

threshold.
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There was no significant difference in age, height or body mass index between DNIs, 

DPNs, and ilMAs. While mass was not significantly different between HMA and D M  or DNI 

and D B i, it was significantly different (p 0.05j between HMA (83.2 kg)and DPM (98.3 kg), as 

shown in Table 1,

[insert 'Iable 1 Neat H t ]

[Insert hgure 1 Xeti H t |

P eak, U tclt i / hi c foo/fo

A  difference exists itt DNI and DPN acceleration threshold values lor ail move 

displacements' (Figure 1), Both DNI and DPX had significantly higher thresholds than HMA at 1 

mm (p<®.01) and 4  tnni (p 0,01 and p (1.05. respectively) displacements (table 2), A strong 

trend was also noted for significantly inerta-ed threshold o f D M  over HMA (p-0.054),

[Insert Table 2 Near Here]

Using the calculated peak energy imparted on the subject, we gain significantly higher 

peak energies (p "0.05) for DNI over FIMA foi all displacements. While significantly higher 

imparted peak energies were seen in D l*\ over HMA fot 1 mm (pMl.Ol) and 4 mm (p-MI.05) 

displacements, ortlv a strong trend was noted for the 16 mm displacement. Due to safety 

constraints o f  our system, we set a maximal peak acceleration value at 200 trnt/s1 for 1 mm 

moves and 100 ra n  s1 for 4 rum and 16 mm moves, A number o f subjects reached these values 

(rail condition), Analysts o f the negative power-law relationship (2 9 .44-47) between 

acceleration and displacement values pinvidcd reason to raise the maximum peak acceleration 

test values to 256 ntm-s’. 181 miiEi1, and 128 mnt/ss respectively for 1 nttn, 4 mm, and 16 mm 

perturbations. HMA subjects reaching the rail (11“#. 3%, and 0%) were fewer than both DPN
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(41"* lX"o, and 6%) and DM! (<>3"a, 36*o, and lX”o) at 1 mm, 4 mm and i6 mm displacement 

respectively as. seen fa Table 3.

[Insert Table 3 Near HereJ

Ottim Standing Metrics

lit the anterior-posterior time-series, significant (p <0.05) differences were seen hi range, 

Stamford deviation, and RMS distance fot HMA versus DPN (Table 4), The total power tor 

Mtotior-posterio gt ificantly mereas d ip ) 01) for (he DPN versus HMA. Trends in 

HM \  ven n s DPN -groups were seen with increased mean resultant distance, mean anterior* 

p ! stance. RMS distance, afaerior-posturtortotal e ie a x )  n i I interior-posterior mean

velocity. N'odtiTcrenees were seen between DM and either DPM i I1M \  groups.

| Insert Table 4 .Near Here)

Health St

Hie mean .scores on ail health survey results (except for the RAND emotional well-being I 

score were better for H \t A than for DM and DPN. but not all mean differences w ere significant 

(Table 5). Although the scores on the Hcrg Balance Scale were within an acceptable range for 

DNI and DPN (they showed no risk o f falls and could operate independently). these latter scores 

were still significantly lower than those o f HMA. The only significant group difference gained 

from the RAND survey was in general health. Both DPN and DNI showed significant decreased 

feelings o f general health (p 0.05 and p 0 01. respectively). Strong trends were observed in 

RAND measures o f  pain and physical health [Pam m [IMA vs. DPN (p“Q.06) and in HMA %s, 

DNI (p 0 .051!: physical health m HMA vs, DPX (p 0.0(0). \ n  signil icance was seen between 

diabetic subjects with or without lower limb peripheral neuropathy.

(Insert Table 5 Neat Here]
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Fool Sensitivity

Semites-Wejtisteiri Monofilaments (SWM) testing displayed several significant 

differences in the geometric mean among the groups (Table 6), Bilateral significant differences 

provide a more significant measure id'tactile sensory acuity. The first and fourth metatarsals had 

significantly dtlTcrcnl bilateral thresholds between HMA and DPN. The significance at the first 

metatarsal is higher (p 0  01) than at the fourth metatarsal (p<0.05). SWM o f HMA had 

geometric means o f  thresholds less than 0,77 g for both first and fourth metatarsal bilaterally, 

while DPN had thresholds greater than 1.49 g. None o f  the geometric means is above the 

threshold for developing diabetic ulcers (>10.0 g) ttt either HMA, DNI. or DPN groups, however 

two DNI and five DPN subjects did have thresholds at risk for developing ulcers, while no HM \  

did. Thresholds o f  the fourth metatarsal dtffored bilaterally, significant and trend respectively 

for the k i t  (p 0.051 and right (p -0.062) feet, between HM \  and DNI. DPN had a significantly 

higltct tp  0 05 J SWM threshold at the left heel \etsu  HM \  but none was seen in the right heel. 

DM  had a significant bi lateral decrease in thresholds versus HMA at the heel.

[Insert Table 6 Near Here]

lo w e r  Lim b Ekctrophyiioiogy

Both DNT and HMA Itave higher (p "0.01) N’CVs than DPN bilaterally for the peroneal, 

tihial, and sural nerves (Table 7). No difference was observed in NCVs between HMA and DNI. 

No bilateral difference was observed for the M-wave latency tes t The weaker significance in the 

libial M -wate latencv test can be attributed to the increased variance as seen in Table 7 by the 

95* « confidence interval, which for both DPX and DNI was j e s te r  than double (he 95% 

confidence interval o f HMA. Between HM \  and DPX, bilateral significance (p<0,OI for all 

except left peroneal p ts 1*5) was seen fot both peroneal and tihial nerves in the 1 ! ttettcy
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test. Significant lower (p<0.O5) latencies w i n in DPN versus DNI for all F-wave latencies 

except left peroneal.

[Insert Table 7 Neat II i )

Discussion.

The comprehensive study allowed us to look at alterations in both static and dynamic

posture caused b \ Tvpc-2 diabetes m mature adults. Lower limb peripheral neuropathy, 

prevalent among those with l \ pe-2 diabetes, has been assumed the came o f  the increased 

likelihood of falls and instability (2 11). Our study was able to compare perception thresholds 

o f  movement and static postural metrics in people who have diabetes with and without lower 

limb peripheral neuropathy.

The acceleration threshold tests showed a  distinct decrease in the ability to sense forward 

platform movement in both DPN and DM  as compared to  HMA. Our ehetrophystologv 

examinations could not account for the decrease, since I1M \  and DNI did not significantly differ 

in NCV yet DNI had significantly increased detection thresholds at both 1 mm and 4  mm 

displacements. The SWM examination did not reveal any significant differences between DPN 

and DM . but did show a bilateral significant difference in the heel and a significant difference 

with a trend on the left and right fourth metatarsal respectively between DNI and HMA. These 

physiological differences provide a cause for decreased sensitivity o f DNI to motion, since the 

DNI have: higher mean thresholds than the DPN, and the geometric mean o f  SWM at both heels 

was higher In the DXI than the DPN. More DPN (5) than DNI (2) had SWM greater than 10 (g  

bus none had any history o f  ulceration or vascular problems. The decreased sensation at the heel 

provides a reason why both DNI and DPN scored significantly lower than HMA on fee Berg 

Scale. The DPN and DNI self-reported in the RAND poorer general health, and also had trends
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at more pain and poorer physical health, which could be attributed to the increased SWM 

thresholds o f both D P \' and DM  groups,

Simmons, et al,. studied diabetic individuals both with and without cutaneous sensory 

deficit versus controls, Our data confirms that DPN who had significantly different SWM 

thresholds from HMA. also had significantly laiger anterior-posterior sway lengths than out 

couth 1 (I IMA.) for quiet standing analysis (15) Out data also shows that our DNi subjects who 

also had significantly Jiilercnl SWM thresholds did not significantly differ from HMA for any 

quiet standing posture metric. Lafond. et al., also studied quiet standing diabetics individuals 

with sensory neuropathy versus healthy elderly. His data and outs confirmed the increased 

anterior-posterior sway, but our data did not observe different medial-lateral sway between 

groups (14), Xardone. et al.. studied both d> namic and static postural stability in subjects with 

polyneuropathy diagnosed by nerve conduction testing. They proposed that the increase in sway 

could be attributed to the loss o f group II spindle libers, instead o f  group la motor fibers rill) 

Improper functioning of spindle fibei s has decreased efficacy o f muscle stretch receptors, which 

could lead to postural instability. Our HMA and DPN subjects had similar NCV scores as 

Nardone. et a l . and our DPN gioup corresponds with Nardoae. et al,, by the increased sway over 

HMA. especially in anterior-posterior plane (21 i Simoncau, el al., found that sensory 

neuropathy found by SWM threshold was more .sensitise to quiet standing postural instability, 

where our data provides that the decreased X l’Vs o f the DPN group cause their significant 

postural instability (10). The metric that Simoncau. et al„ used to quantify stability was total 

evcursion. which we found a trend in the anterior-posterior direction only (10).

< n tij i n
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The 054 An with and without peripheral neuropathy show increased threshold for the 

detection of movement. which is believed to nxrease their risk o f falls since they would be less 

likely to detect an initiation o f  a  fall. However, onlj DPN display significantly different quiet 

standing metrics compared to HM V which leads to nerve conduction as a, cause to the 

instehtliK Further studies loctMny on diabetic individuals with cutaneous sensory n u ro p ttin , 

with lower limb neuropathy, and those with both « ill help better define the cause for instability 

to diabetic individuals. In addition, further studies on individuals with peripheral neuropathy, 

but who are confirmed to not have diabetes or be glucose-intolerant will better define peripheral 

neuropathy's and type 2 diabetes’ contribution to postural instability.
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Table (

Subject tuft

HMA (n .14) DNI DPN (a®-1.7)

Mean j 55% Cl Mean 95% Cl Mean 95%CI

Age (yrs) _ _
m w  1 !

_ _ _ _
T 72

Height (m)
_ _ LJ,—± 0,03

_ _
; ' O.oT1

_ _ H is
Mass (kg ) ± 1 5:6

_ _
9 0 .

_
>

Body Mss* Index “a s .
1

-'33:7 ''Tj.422“ 32.7 3.18
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Table 2 

Detection riirwhobfa

HMA fn 14) DNI. (t*=l 1) DPN (a~17) |

sMcati aMean gMean aMean gMeau aMean :

Acceleration mm sr

1 mm r T M 'r
_ _

1 S*L2 177.4 141 1

4 mm
_ _ l r .

46.5
_ _ _

75,6
_ _

70,4

16 mm 2 1 5 ...... ^ 1 x 0 ... '48.0 " a x T .... U  1

Peak Kinetic Energy
b_ _____

m3 |

1 mm ; 3.20^ 4.14 7.48 8.58 6,94 7.85 I

4 nun i S i11 2.05 2.81 3,85 2.65 .3.51 |

16 mm i .0 . 6 7 11 0.95 1 .5 1 2 . 4 4 1. 1.1 I 71
"'■'i i m a  » .  d p n  (J5?STT H M A ls" l5 S f p S I P  I S f X I X f f N f i ; S S s f S u  «T tisJT  j r i S s  s I m a  vsT d m i  b

‘HM A vs, P M  pNJ.054, gMesm is  the g&onietrk m em  a f  ll3« SWM <l»e-io tbcif log m iw e . The w tihm ttic  oiea/is. 

w e m huU n$  sol siy  to r cx m ym m st
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TaMe $

1mm ’ 4mm 16mm

HMA 4(11%) j  3(0%) 0(0%)

2 0  200 min/s' j 1. @ 100 u n is 1

' .... 2 M 256 mm h‘ 2 a 181 aim s’ 0

w 7
..........—

2 .0  2GQ mm/s* s 4 0  100 mmh"

2 (18%)

2 0  loo amvs1

2 it:i, 200 nun/s1
|

DPN
. • .

7(41%) J 3 (18%) 1 («%)

2 @ 200 n u n /? j 3 ®  JOOmroii? 1 @ tW  mai/sc”’

2 @ 200 mavis* j
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Table 4 
y u h t Standing Metrics 

I IMA m 34; 11 ■ J7P\" m 17s
'M m  ‘ 0 5 % n  ' ,\L*an ’^ , ( ’1 \L*a«

Stmdml Dex!uitkm-M) j 2 ^ iih > 42 3 1 ^ -1 LO
Starved i w  istK'n \?  t 4U 1 u 7 j _4 7 ^ 2 0 * p i ' I 4
SfjtnJrJti iV\ taijonA U ' 2?  ! * oo f 3.H i i: 8 2 * ' n ? * l-.f>
Rfmge-RlJ ! 
Rartgv- M

H i | -
15 ;?  ±

“ T u j
r ....? .$ T —' m m

..2441: i l
111 ( " IT sT T  

24B ]  "±

y7
...,,.

Range ML 14 7 '  ‘M 17? - 2 \ s 17 1 82
...............f 4 : u ^ ^ 3 4 j ‘p s ^ 1 H

* fcuti I )tNtrxj‘- M Z I X . l i 0..J11 j j y - r - ..... 2. i ! *......I T
R k  in 1 >tvu>nu 21 j i» r.( % il± L 4 7 ! 7 ^ i 3
RMS 0Ks.tan.ce*RD J 4<y | 5 f ...... "bJ J  I~ > s ( 6,2 f -h 2o
' u m r n ^ m W ' ' ......j 4  i f  11 n7  ’ Z 3 ! X £ ~ Z J : § T . \ u “I T
l i \m m
lut<ii^\cursHm KU

27 -
2X2 j '

0 U I 
(4 H 1

i *s -
288 n •

I ?:
1 ^ 3  ‘

3.5 1 ± 
2o4(,

" T F  
i j i  1

o u ' fAcuis^.n-^r i n  v  1 47 t* ' 22  ̂ 7 1W 4 23 HO 9 7 ?
h ’Ul Pscurm-n Mi " i n  i * f 4u i L4 7 1 1..... '149.9 f IT T '1..5' <\ 4
\kan  \  cUvrtv kl » _ ..... 1 1 5 ? ’:? J 2 ^ 144 V" '
Ms.an VekuEv \P 
s Jem WWtfv All 

J u^utw y R t4

S9 |
S ;> j

24  j
:2 0 j ..
u i *

n  i *
<■*1 
U 4 ^

5.0 t™.__p

o T T

n  ? 1
f>0 
it ^

4». 
3 it

7 7 7 i ; r
Mean He^uerun \P it ■s <TT ? ot> o 1 ii ^ H 2
Mean I re'|Ur*n.ev\lL i h  _ mi t n 8 > o 2 II % 0 1
93% Cimfiface Area Circle ] - . ....1 'k o  r l57[ 3 J t 3<n 8 * 259.2
Sway Area........  ...  .. 17,8 ] tfe <t -S j 34-6 j •*: W i J i 26.3 1 -s ?  l i j

1 Yminlejve Atea F llipv. ] 22^ 3 H 74  | 43 ? : .....i iS S i ]™ IV* s 24it ?
i racial i Mmcnsion r tr<k. 1 4 ’ u u ] ■* o j I 4 ‘ is i
fraz il I kmctvson Utipse f 4 ri.o 1 14 fit) i I 4 ( * f
Toul iMwa-Jvi) 424oo | j 2«C3^ ? i •M’vO 7 2M 48t‘> ;  i 3/^| 7 ti
I oJal F \u u  \p MM n"! 2/t87^ '  J ! 22*47 8 < 5M208 8 2! !7?~' ? ^‘‘2 **
H id  IV^et-MI W 74 *> j i fjo>23 0  ’ rj | 7

N kx3tan_Fre »̂en<A -M ) ' n  ] ’ n I ! n 4 ft 1 0 4 n2
\Iedun hequencj-\V > 2 * n i j it 4 r" 0! H i '  _y_ 01
N iMian hequenn* -Mi H *» 1 ~~ ii 1 | n 2 o i  4 0 2 i * 'LL
5̂®«, jxMk irc^uent) ki > i 4* n 4 i 1 a * 0 4  * i 7 it 5

<wo peak Ocqucncs \P M i 1 ti 4 ! ... 14 J J 0 4 I I 3 «> V
’̂ o  peak fkgpvnu MI 2 - fl 3 l l i 0  4 i 1 - iM
* *cnu oki Frequency -RI > 1 u ’ o l  * T i  < o 2 , 1 1 ;
'kn*f'rd» :et,utfntv. -.vl* 044 I * t l T T ' \ i § J ± a.5 j ± H \
i Vntii id 3 rct|u*2nc\-Ml { t « U i 4- o n ti 0,2 | u n ' 0  2
Frequent.} DtsnetMi'n kf) ( i  1 U ft t n ft u~l ‘

...
tt t\ Hit

„„L I t6 ... ----- m L it n 6.6 f *. w 53
1 t^uencv F nsik'rsujri-Mf. n 7 ; T l..5 .IT J5 57’ o’7 ?  i ...........o J T " 7  o.-7 j  ? 6 .0 '

DI*Nj< ’U M A v  O M p  t< t I IM A  w  1 - P \  j/ Hi} ,\U  f*»«no  ba*«d w« fi«m 1 dSjucnuv m c t tu ' .-re a ? ! ! /

\tedi V j h  m mm ^ Area mc*r m ,n  *utr m mm
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Table 5 

Health Surveys

[ HMA DNI | DPN |

n Moat Rank n | Mean I R a t i  1 n j Mean R a ti  j

Mini-Mental Exam ~j 
|

_ _ _
l 4 J » T ITT 29uF n o i l

— —

_ _ _ _ _
’34" 1  & F r M IT n 515 T i ]

_ _
30.00

RAM )

Ids 
l

11 
1 

H
i

j*£ -36 with depression screener j

Physical Function i 32 84,0 32.72 n 78,5 I 26,86 116 [

Physical Health j
I
J l

, _ _ r j 73.36 n 7 3 i . ’ 27.09 j 16 '
_ _

l i l i ]

Emotional Health 132 84.4 31.48 n 78.4 "28.55

Emotional Well-Being 32 76 4 30 69 n  ' 77«, 27.82 ' 16" 1"719.. 30.13 ‘
Energy Fatigue 32 (,7 3 32 42 n  ’ 63 3 ’ 30.00 j iTi 56,6 " 2 5 l? l

Social Function 32 87.1 133 23 i i , 82.2 1 26.77 ] i6 r1*0.2 ""2172]
Pam i 32 83 4 r 34 77 i i  ' 69 8 27,23 ‘

< |
16 ' _ _

I s i T j

General Health 1 32 70 </ "M 47 ’ n 58.5 20Jl" | 16 | M M
_ 5 T 1

HMAvs-WNp «'< ’ i nn . DNIfKOfl f ja,iA v» l>r. 1 .. HMA v- DM p >ilWi
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T s f a f c  6

S * » m e »  W H n s l H n  \ i o n « n h i a m i t  T e s t

HMA DM DPN

0 gMeait aMcan ft | gM «n. aMean « gMeaa aMean

Left Great To# 14 0.45* 0 w 11 j CI.59 0.81 17 1.72 .1.18

L e _ . r g j clajarsaj I T
___

T i' I 0 W ~
___

I T T i F ’“
_ _

.Lett 4B M etatam I 20 Q,5<f ToTS....... I f 2 13 i 402  ”” i .6 4

Lett Meet 21 T S F " | l J 4 8... 1 9 M .... T O T " I T “T i l ...... "T T sT i

Right G r e a t f ^ T -  

.. 1ST : i I f
_ _

1 02 1.32
_ _ l

Right 1"* Metatarsal 34 0 51 0.70 ii 0 70 1.16 17 1.49 3.91

Right 4* Metatarsal 20 0 77'5 1 15 X 1.20 2.02 U 2.75 0 :2 0

Right Heel 21 2 M f 3 OH 8 6 33
_ _ _

12  ̂4 s I T w l

hmm bt>\p siiii'ti'iU' up* p itm m. i hpnji ojw«h m a AvSi'bSfî Ket
H V U -  UNI jj (t <>o e \ l a a >  u  f U  »*.im e?nc m t m  nt (he th resh o ld s  due ta th m  p-cm-erh w m m m M p  h& w sm  4 t$ p \a tm m  

m t\ iv tdcuJ*<  i i  i h r o t a M  \U  um ts a re  tu  sh e  aitlspu-irc m m t*  s M m  are  mdwMng m ie ty  Jtsr c m m m m n .
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T i l t *  7  

Btetrophystefogy Rtsaltx

HMA DNI DPN

n Mean "95 VC! n 1 Mean, 95% Ct n Mean 95% Cl

C m A m ik m  Velocity m/s

L. Peroneal
_

46,9* ± ] 31 I T ] 4 1 4 r *  | i.86 r 1 S J l./ if”

L, TIWa-1 I T 45.8* 1 3 F l i t P> 1 ’± [ F I T ■ ■
_ _ _ _ | _ _

L. Sural " is isTi*” 1.30 Y '~ ] 4 4 7 r ’’’T f 'T i T T T ”3 9 3 ... i  ' 2.72"

R. Peroneal 54 46.9* ± 1 . 2 8 I T ]
_ T „

• ' 2  1 8 j (ij"

’’’T 'T T S i  ...... I T 1,71 T I T
i

4 5 .9 ' " i ’T T i r 16 40.5 ± t 2.37 
i.

I t  Sural 14 9 * " '’ ± 1.39 T T 46F r ■ 2.62 12 38.9 . :: 7 26

C'ondiicrioti I atfin-j Ms

M-wave L, Peroneal
_

T- ■ O j f * T i T
_ _

: 0,44 1 6 5,1 ±  ]  048"

M-wave L, Tihial I T i r i
_ r _ .

" s i  ’ “ ±  J 1.09"

M - t v a v c  R. Peroneal 33 4.7“ ■ 0.34
i

1 1 1
4.6s 0  2 7 15 5.8 ± | 0.51

M - w a v c  R. Tihial T T ”T F ± 0  52 i f f 1 4 T T i T o - T . s T f T S T

F-vsavc I.. Peroneal 50. T 'T",5£
_ _ _ „ l _

5 1 . 9
,_ L ,------
* j 3.00 i i 5 6 . 9 1 2 2 "

E-wave L. Tihial 33 T l T ' ” ±- T i  t 
1

s s H " : ' 2,65“ " 6 0 5 ' 4

F - w a v e  R. Peroneal
_

’ 2 . 6 2 n  !
_ T > .

T f T i r i ' I t T ””
_ j _ _

F - w a v e  i t ,  Tibia) I F T i T ~ “ 1 . 5 6 i i  I 53J:f ” T f T s T I T ’ ! I O ”

o p s  |K 0 ,v i s o o fA  vs, DPN jK O i '  '\5  ^  j> »'■<«
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Acceleration Thresholds

DPN  DNI HMA

Figure 1: The left-rianting lines refer a  1mm move. The cross-hatched lines refer to a  4 mm move. The right- 

slanting lines refer to a  16  mm move. Error ta r s  provide the s tandard  error. DPN and  D M  show 

pronounced decreased acuity in detecting small an terior perturbations as compared to HMA a t 1 and 4m m  

movements. Values are the arithmetic means.
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\  svstem for measurement and calibration of nonorthogonal joints 
and limbs in humans

f ’hmtaphorM Stoftfv, *kmth. t // i /  . \nnc \ !  Hollnter,. Charles I, Robinson, ?[<Ek.
Norman \L  \ \  final Dak O \ndcrsof», lolm C I ondon, and Willkm L  Bufout SLm Kf,  fEFE

l/Mfmf—lluwau limbs ait a muitilinketi sjtfem in which 
%\w resolute jomis «*. wil t! to the bhifc W|*imnn »i
to each oilier i he vt.uul.tH> imthod for mmemenfo of 
tmiUiHttkfd systems h the l)t na> it 11 m U »!>< t g (Dili 
Repie«e«taH<m which I* useful fm orthogonal systems \\ foo 
apgfifoii to non m thftgtm *l *s views the Dll Ufon
projects the reft re»« frarms outside of the limb segment v 
CtwngMiter graphics techniques n*n<? u r ij s «t points in bathes 
that move about arbitrary nesolul* joints, i his tompul tlton il 
model has turn moditfod to catculun both position i \  \  /)  
and orientalfoa (saw. pitch and roll) of limbs and ilwh 
i n d i v i d u a l  s e g m e n ts  1 In s  h k I Iu m !  d f o w s  i  s i m p h f l n f  

represewiaiikm lot the kimmafks ot animal Itmbs

I |tnTnrfrrTTrv

M am mechanic?*! s' dems are composed M ngu§ 
segments Jinked h\ s rapk* kinematic mechanisms 
•atsh »i> u s dele lonits know ledge of |H»vilions and 

t tnent ilions d  the links and res oSu?e j< info is esscniw! far 
m.k haie c amro1 ! he current stand std tor caLuhting the 
posits n rmd nrtenutioti h>r the reference iramex al ihe*v 
linked mec hanams ?s the ! ■mo. ifof lanenherg i DH) 
Representation [ 15 The 1 d I Representation assumes ? igid 
links Itetw ctt* ItmK but U simplities from the deimed 
position and onemUon with displacement and holer angle 
U* h>ui numKrT*'requires orlhog^iali*\ between limbs a id 
link’l l  lj I he Dll aarefom el) '-nnple >vss.m ?h»i\vurk> 
well when the mechanism' are orthogonal 1 he 
vmphheatjon fo the texult ot diuoxma i oordtn itc tianie'* tot 
the links that do sk ! l « e  to he w ithm 1ml or limb | ! j 
Humana and a mudxhdvc res oluw jc info that arc not ifcualK

M a J te a q t t i  t u n e d  A ^ a l 2 k  2Ol#S.
(' \ i  Mwcs ^  sb 4 c  Rimnydn-al Pncmtcrim' h e pad'tnad it 

UiHMini tidfo Krtfin I \  r " 2lHa<pIif>nt
t<’\  > |v . ; o s <vfi t in u J  a? O'UtflaUdi winl

\  M  Pfoifoiet i'. use? i o i u s i a i i i  V i k  U im u o i s  i k i b l s  S u tncc* .
corti? l̂iK.cp>r» * X iti'M 3\ K *i' amrdrawftmtft y im

i i vs r u m  th<- i cm r  foi k sh a fo li ts ln w  I r a ^ n c o f i k
Suuu. «ik> T'i.foi<ib«vv oirft# »i ( |,nk| its Puwinu \ t  iV r^TA
t«ts» H u  s \ t  a n v  \  \ \ K  R s s - a u b  S c r s tu  S n a * u > t NS 132I> > h jom® 
crdmmmm&x.ms v

v M VSitrujf i* t t jd i  tb c  In jM c s  IK paitn#«U  al i o n i N u a  Itv lt\ K,w*'u b t s \ it, uivil wiinoleUtuliciiij!
?♦ o ts »ifb Ik Mssl.oau1 } nciuuniii i\p»imyiP it

fo'tnM.an kvti ? «isvt*aj. bnM<m f \  '7i2',2 t s \  mml
andcrsailsaatcpeoxnnŜ iiut .coat h

1 t ” ! ojidois s«. o  His ilm. \ !  tlhem iliL 1' F  efiarUntn’' ^ l i i is t i t  i  ru v trs rtj 
st%  s jle a t.s  L ,\  b s j fo  t  '  s  i t  m att j f o n d iW its s h n t tu j )

1-ir i tluba-d if o oith k.t'twth Utvtuin <•? do Dtpjrltn<nt *%t 
ofu m p a td ti.  Ik irctr>  aT id R v h ih tiiu iio a  i t  I b e  I  m u o n s  4 itsai-. 
ottnUi C.aoeston 1\  ” v<s| svtvimii «huford«ijlmboan

l%#rpemltciihr h> tMth othet nr i i the hmh segment. ami d > 
not piradf*! tglobal reieieuce tram*. osx>uuta^\2i h 
jomh are l-nks n as «rt'itr u\ lute joinfo ant’ ^an be 
desenhrd a t iv ist rnd irank angles a s cetor horn the oriASJt 
and rhe degree - of lotuhonifiieh tfi aknri ’he fonolute 
jismf !)H repustntniusn A n<m tTthvigona y \y k c , ^oieet 
the Deal rdofen<'o Iramc  ̂ «utMdc ol the Itmb egments «tar 
proposedreprt^TTitJifian plar. «• the iimh segment ind bant 
a h ‘fence Iraroifo within the segments or |omfo lat iliUting 
the metsoientem design irkxiehng m< \ e ru n t»and tvsritrol. 
ut dk e a  •‘terns s m meUivd' uc\ clot vd c< nputer 
iimtt all-*n j °tj t he prrantefor ss Inch must be tneisufe I w 
the .Himi.i! limb, are e\phiitK >Ut«,d md are s an ibk^ m the 
gr’rterrdt/ed equations,

II 'Uwnmm
A, S o ftw a re

’he ’siogtam ssas written in * .rfUb’ to has e as oess A the 
matrix m athemati luncpuru> thepregomi vu- ohp u- 
orivntei! tc> t ar  cm >c i*id *\ hua»tne s ai c ■.pan >k n  1 he 
s'hv ire pros r led text d  ^cel ^prend-^heet; pictures 
md as i D kVoi owpuf n'prv'-enting niolu n

T> SV/iw >ep*es* Jtafton
! he simplest a kem ci ms? aed at tw o egments juid i  

single foini De iekren»e tnmc toi the tirst hnk ssa* placed 
ut the ongm oi a i iitcs'di r eoidinafo ^ stem 1 he 
di qilatsmcnt \ ectssr ? fos} me \ v md r mc<e>uis neats tiain 
the fir-t segment •> o iciviuw hams u tl e »enter r t  the fir A 
eioktc suvrecorded 1 he hm bhnklroordr,itc 'm o !•>£ 

placed anywhea, mchxlmc a U&tuon dong the re\c lute 
axis, In biologieul sv&leiifo. the c-entai a t mas^ u*the 
stiU>fiif\ l?mbstL.Tr^nf is diiikult t icstxl Dh n d n  
diantk a iht nibak^iin jih tn  and ntrut l K ^ m d | 3 
«u,k> ss-eio ti c m ist uid . in)* »s t *1 tarn tUc 
|5fcss ding segment •* a h  aner (nns ntcd d f XsPn 'he 
n ? >1 iU k i »of m >ti m \ ith the o i the sfccedinj 
limb In tehnon to the sct-ond hmh the > y  nnu D h ?e 
the v in ibl« meisuredthd sere needed \  sotak* th a\i I 
n teU n >s s? d’ignviln »\i* ltlHU<vts» mtniaotDo 
tmd die dfoiance Itom the joint cent* 11 * tfu k  Ik wm» 
^.gnam »cutkr Ihvre I i the m .th 'd r a  j»k idcfintnsn 
j f the >riciit lion oi lim bs a ” iti c io ih u r} nt

v  \)efmrtmn:
\  v e r t i c e s m a l r k ^ k t t j  i % D u  w k d e l i t v d h s  the jo in t 

number s’\  dic.rcioaK dl In tfudjst. I to rt v ere <5re
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opeiAix.il nt in ',u*sv d m th. malm IhwMbvrip! j i *
< qiw< u> ihe numki <»t the ?m>M di I il iutih 1 h» h hm* 
requtfe 12 column ot the matrix k\p.m*iil<le i< i ».uu‘ 
Kixxc* f fbc Urst eight column*' were the limb wrtice*
lb *  n in th  to k u n n  n a s T h e  hn  i< se u le r  m d i lu  l f}iil 11A* 
12Mco lu m fn w er«  th« kw uM  > m d  , u c tn f s  u n i  m at 
\e s tu rM  o i the  kx  il c o o rd in a te  s tx ie m  n l a lw e  to  g lobal 
( a rte s ia n  v oordm at*  *yi>iem

iX. .  x   x , „ ... s . ., i

** J 'V , 1 {i)
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by only using the inputted rotation matrices. The rotation
matrices w ere ordered as they would for multiplication Bar 
building o f  lim b as prev iously shown, but no translations are 
used. A  rotation matrix in  (6) is obtained and by using an 
ordered sequence o f  rotation matrix multiplications 
equations are given to back calculate yaw, pitch, and roll 
from the values in the  rotation matrix as follows:
1. [R M ,]  -  [ R u r tJ  [ R t r t J  [R is ,„J P u m ] I R i, . m] [R ^ td ]
2  { R M J [R u a J  [Rss.iiJ lR > *« j IR l-.u ! (Re»juj [R u m )
 3...................................
 4..................
 5..................
6- IKK4I |R „ , ,P;| [R ^ nO  [R * ,* ]  [ I W - ]  ( % w J  [ R * * )

The pitch was calculated first, since it is in the equation 
from the <6j that has one unknown. The a rc s in e  function 
has a range f-w S , tt/2|, to t  since die coder o f  yaw, pitch, and 
roll, to ll was rotated first this guarantees that the pitch w ill 
e!w.t> s be less than 90 ’

it  s in  1 ( / 5 «  (1,2)3 (2 0 )

Roll as m (12) w as negated to provide the correct rotation 
direction T he z_dc vector value w as the sam e for roll and 
yaw  as calculated in (10) and (16) respectively, Since the ate 
cosine** range was [0, *], th e e .d e  vector value was used to 
determine the sign and the direction o f the rotation

_ , { m (2,2)l i  z . J e '
(// ..." " . cos

cos (S )

f AM ( U)
M .

( 2 1 )

(22)

about the assumed single orthogonal axis o f  most models 
(<>]. H its w ill help to increase the accuracy o f  measurements 
o f  ankle rotation. The determination o f  jo in t moments and 
reaction forces m ake it possible for m ore realistic and 
natural ankle p ra tth e sa .

VII. C o n c l u s i o n

This computational approach provides calculations for the 
position and orientation o f  limbs and revolute joints 
throughout the system ’s motion. T he m ethod facilitates 
m odeling o f  kinetics and kinematics o f  jo in t in  hum an and 
animal limbs and further force analysts. The ability to 
calibrate accurately smal l rotations o f  nonorthcgonal joints 
improves the m easurement of orientation o f  limits. The 
methodology allows for measurement* and  calculations, o f  
joints without the need for any m utually orthogonal axes 
that could lie outside the body o f rotation.

[ e o * { 0 )  J ( | r

This method allows one to  track the yaw, pitch, and roll 
of the limbs without the need for position data (except to 
track the sign far vaw and roll),

A. Results
To verify our m ethods w e rotated to position and then 

ta ck  to  initial position with different rotations on the way 
back to  the home position. O ur final vertices m atrix equaled 
the initial to  verify our m ethod since a d o sed  loop rotation is 
an identify matrix. Table 1 sto w s the sequence o f  rotations 
a n d th e in i tu l offsets Ih it are illustrated in Fig. 1. Fig. 1 is 
the display ut t simple svstcm o f  only tw o aifoitraiy revolute 
joints since it the jx ints w u c  rotated as a  matrix o f  vertices, 
which makes it simple to  expand to  detailed objects. The 
yaw , pitch, and  toll v  »  c ilculatedboth through rotations 
and by back c tiiu l ition hum  position in bo th  jo in t with, 
rotation* from - 1 s i r  to  t s i r  m  10 increments and were 
found equal when compared.

V I. A  MODEL FOR CALIBRATION OF ANKLE ANGLE 

MEASUREMENTS

A m odel o f  the ankle was developed based on three 
segments w ith tw o arbitrary revolute joints. The segments 
are the calcaneus, talus, and mortise (com prised o f  the leg 
bones and ligaments). The arbitrary revolute joints consist of 
the talocrural jo in t and the subtalar jo in t [4], (5j. This allows 
us to  view the ankle to n e s  as they rotate naturally instead o f
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Position 0

Position 3

P o sta l

Position 4

Posion 2

Position 5

fig , 1, Displays position# t*f « two joint system going through a series of 
r o k s o tm lc J M  in TabSe 1.

T a b l k  1 

S££t££S Oji ROffATtOMS

Joint
Offsets <h  r* fA> efe

10* 5 ' 0* -10' -5' 0*
2 20" IS* 0 ' -20* -15* O'*

Position Rotated Joint D egrees
0 None

1 45'
z 2 30'
3 f -25'
4 t -2ET
5 2 -30"
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Abstract
To ferret oir subtle elites in the data that wo collect, we need highly stable and reliable 
instrumentation, and a way to link disparate dal a streams together, In a typical laboratory such as 
ours, collecting a variety of physiological data in time-synced fashion has in the past required a 
number of desktop computers, each one handling a different aspect of data collection. This 
wealth ol data required us to do laborious off-line tile conversion and synchronizing of three 
main data streams. Since new technologies such as hyper-threading and dual-corc technologies 
have brought enormous power to desktop systems, we opted to use a server-style system to be 
able to multitask in a network environment, but still maintain Windows XP as the operating 
system. The server platform provides us the means necessary to combine our various data 
collection schemes into a -single unit, and for on-line data calibration and conversion, while still 
allowing us an easy transition from our previous hardware and software.

Introduction
A wealth of multi-dimensional data can now be collected during biomechantcal studies of human 
motion and postural reactions to perturbation, These include biomcchanical measures like AP 
and ML Centcrs-of-Prcssurc (COP), weight on platform versus weight supported by harness, 
horizontal ground reaction forces, head and fool accelerations in multiple dimensions, 
distributions of pressures under the foot, and joint and limb trajectories as measured by motion- 
capture marker systems. Multi-channel EMG data and psychophysical responses collected 
simultaneously add richness to any control model built.
Collecting ail of this data in time-svnced fashion in the past has required using a number of 
computers, each one handling a different aspect ol' data collection, where one computer serves as 
the master and triggers the other slave computers to begin data collection. Yet many of the 
vendors of propriety data collection interfaces (like a pressure mat or a motion capture system) 
supply there own proprietary software to act as a master, with other data .\la\od in. For large- 
scale observations, this feature results in a number of datasets collected over the same epoch, but 
does not necessarily create datasets that are time synchronized with one another. I sing each 
device as a master, with data from other devices imported into each setup’s data collection, the 
already large size of the data for a single experiment rapidly grows due to the storage of 
duplicate data in multiple systems. However, the datasets are not truly duplicate, as each was 
processed a different way. with possible variations in amplitude and noise and certainly offsets in 
timing.
Parallel processing requires systems capable of running thread simultaneously. While parallel 
processing required multiprocessor systems, new technologies such as hyper-threading and dual- 
core technologic* haw brought this power to many desktop ami laptop systems. These
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tcchiMlogtCfc provide the ability tu increase multiprocessor system* exponentially, which is the 
basis of many new setter plat lot ms on the market

Time-Settas Data
Like most research laboratories. «mr lab uses computers to control our experiments, coik'et data, 
analyze the results, and write up any resultant manuscripts. Our studies investigate the psycho- 
ph> sics of balance and postural control.
All people sway. We make % cry short perturbations of a platform oh which a subjects stands that 
are generally of a length less than that a person’s sway, as measured at the foot .md ankle, and 
hence should be and are near the ability of a subject to detect them ! Wng psychophysical tech
niques, we ajyply peri-thiesbold perturbations to iteratively find the detection limit, and attempt 
to figure out what physiological or biomeehunieal variable(s) uas (were) used by the subjects in 
making a correct detection, or led them to a false detection. Details of our experimental set-up 
and procedure have been described adequately elsewhere, llere we note that our Sliding Platform 
for Assessing I ower Limb Stability w ith Synced Tracking. EMC) and Pressure measurement 
(SUP-f Vi I .S-STFPm) is a vibration-free, translating platfoun that rides on air bearings| Ij. Our 
typical protocol has a subject picking m which of two 4s intervals that the perturbation occurred, 
with data collection occurring in thirty 1 ?s window s. 1 his protocol is repeated 2 to 4 times,
l b  ferret out subtle clues in the data that We collect, w e  need highly stable and reliable 
instrumentation, and a way to link disparate data streams together. During the build-up years in 
our k b .  we yew  the experiment by adding hardware as a system. Fot instance. W c started with a 
single computer for experimental control aid data collection We added another data collection 
computer when we introduced the measurement of the distribution ol pressure under the foot 
from an HR FekMat We also later added a motion capture system that used retro-refieeliv e 
markers to trace the movement of the joints and other body reference points that could be caused 
by the perturbation, ‘litis system also had its own computer. We used digital out signals from llie 
eimttoilma computer to trigger data collection routines in the othci two computets, fig, 1 details 
the setup and the output*.
In the past, this wealth of data required us to do laborious off-line tile conversion and 
synchronizing of the three mam data streams. We wished that all of this conversion could occur 
simultaneously during data eolledioa but the computers in our original implementation lacked 
the processing power to process data efficiently without testing delays. The outdated technology 
could not take advantage of multithreading to parallel process.
Specifications for si New Lab
With a move to mother university, we have had the chance to set up a second SUP-1* ALIii- 
STKPm research lab for fundamental studies, while maintaining die original lab in a clinical 
setting within the VA research service. Based on 10 xrs experience with the original SI IP- 
FALLS lab. we set dow n a series of specifications for the new lab:

J. The essential elements of the user interlace needed to remain the same as seen from the 
clinical ctrviranment.

2 The command and control aspects of the platform had to be functionally equivalent to 
previous implementations, and pre\ ious code had to be reused when possible.

3. The operator should be provided a user-friendly interface with which to monitor the 
progress and output of all these processes in real-time during a testing sequence.

4. The number of channels of data collected by the I'ALl ,K protocol must be increased to 
allow lor additional sensor and KMG inputs llte  F\tG channels were to be increased 
fiom the original four to a user-sekctahle between four and sixteen. The amount of 
support the safety harness provides to the subject .should also be collected and calculated

5. The motion analy sis system should be upgraded from a single camera. 2-D x\ stem to a 
multi-camera, 3-1) system.

6. The I AJ J S data should be immediately stored in engineering units, rather than in raw 
voltages that required post-possessing. lv.MG potentials should be converted on-line and
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stored as RMS time-series data, with a further conversion to a percentage of that seen 
under maximal contraction if  possible.

D o w  DM M 2004
Position, M oto ri.u rren tC om m and /C on tro l D ata  Collected

SLIP'FALLS
Dell DHM (2,4 GHz)

Liaeur Motor; 
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Safety Switches

o o 
o o
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Position, Bell, 
Head Ace X3 
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Power Am CrtentekSUP-FALLS 
S»kr, HdphfJiiCS

ni per
6034ElAtlas Sound GPN 1200 DeiSvs

Whit
Noise

Recorded

EvokedEMC
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Tone, j O  
Masking. 
Decision

4 Canl 
EMG

Sound
Miser SoundBlaster

Command 
BellXm m erTekMu} HU Gateway G5 

(0.25 GB
TekMat HU

L&JMfait 
Press. D istr 
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Sync
Tricgcr M at S ta rt 1 ngger 87X%ekMat Ctrl scnsels
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Peak MotusPeak Motas Headphones

Analogrn P eak  C o m p u te r  (3  G H i)  (0.5 GBR/lot e j i l ! r > y | s y n cCanon Gl 
Cam corder

M arker Locution 
Ankle Angies, 
Head Move 
CoM h ack

BRAM)

Cam eraVolant
Digital

Camera
JM P iv e lController

th>.t xt*.r illGigabit 
Ethernet Sw.

Post-Pr<K*«c 
l imc-syne all data 
Analyze the data 

Com pare w ith other 
runs and subjects

Convert on Specialized Woj-ksiations:
Raw lime series data to data in cntyncenng units 

TckScan data to Excel spreadsheet format 
Motion Capture Data to angles and lengths 

(Search Digital Video for highlights)

One 4-hr test scsskm yields:
0,5 GB raw  physiological and hiomechaefca} 

time series data 
0.3 GB o f  TekScan data in proprietary format 
0.5 GB of unprocessetl Motion Capture Data 

(44 (i l l  of Digital Video)

Figure 1: The original SLIP-FALLS-STEPm lab consists of a sliding platform (SLIP), hardware and software routines (FALLS) 
for collecting neurophysiological, biomechanical (Position, Acceleration, Centers-of-Pressure), EMG and psychophysical data, 
and equipment and software to simultaneously measure position markers, and foot pressure distributi ons (STEPm). The SLIP is 
controlled by a single board Programmable Multi-Axis Controller (PMAC) that receives commands from the FALLS computer 
(Dell DHM). This computer also relays pre-recording instructions to the subject via a SoundBlaster card and headphones. A 
TekscanHRMat (TekMat) measures foot pressure distribution with an array of 87 by 96 sensels (4 per cm2). A separate computer 
controls the TekMat. Its data collects starts with an external RS232 trigger. Motion capture of the location of retro-reflective 
markers is achieved by a single digital camera Peak-Motus system, along with a back-up analog camcorder. The peak computer 
is triggered also by the FALLS computer with an additional sync signal generated at the start of a platform move. A single 4-hr 
test session generates over 2 GB of data, all ofwhichhas to be processed offline after tiie completion of the experiment.

Solution
As our current setup was incapable of performing the required computations without testing 
delays, we focused on what was needed to meet these objectives. We needed a system that 
would remain under the Windows XP operating system to maintain current software and 
equipment drivers, which satisfied the first through third specifications. The remaining 
specifications require additional new or replacement equipment.
To meet the third specification we had to upgrade our multifunction data acquisition card (NI 
PCI 6034E) from a 16 analog inputs to 32 analog inputs (NI PCIe 6259M). We also achieved 
additional input be routing subject response (bell) to the digital inputs instead of counting peaks 
of analog input. To provide signal conditioning and signal access we used NI SC-2345 and NI 
BNC 2090 for I/O. The NI BNC has a dual functionality of allowing us access to EMG signals 
so they can be inputted into Peak Motion capture system. To acquire these signal in the Peak 
system and to meet the fifth specification the hardware had to be upgraded. Since the purchase 
of our previous system Peak-Motus was acquiredby VlCON, which allowed us to upgrade to 
VICON’s superior cameras and hardware while maintaining same user interface with updated 
Peak software.
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fo r the final specification. the data had to he converted on the tlv to engineering units vvithotu 
causing any testing delays. A computer was needed that could parallel process threads, and not 
only utilize preemptive multitasking. Now compact multi-processor server technologies were 
our focus for a new EAI LS computer. We decided to purchase a Gateway E-9515-R series 
wsrver to. meet the fourth specific.

Implementation
Traditionally, lor computers to be able to multitask m a network environment required a server 
sty to operating s\ stem I>ue to such .1 small consumer base, there was v en poor hardware 
support, which has left a mark on those who ltad endeavored to utilize us power in the past 
With the advent of Windows .XI’ to the general consumer, which is based off Microsoft's original 
server platform, the ability for user-friendly stiver platform was launched. Windows XP was 
chosen due to its widespread use and familiarity. Yet it tcmaincd stymied by its everyday use on 
desktops that it could handle computers that are more pow erful and cflicienl.
Windows XP has both great hardwate and software support, hut if you ttv to purchase it with .1 
server from major computer manufacturers, they vs ill turn vott down, or let v «>u purchase 
separately with 110 support. They want you to purchase one oftheft newly branded server 
operating systems, which keep with the old tradition ofhaving poor haixiw arc and support for the 
everyday user and researcher These scivei operating systems are expensive, which conies at the 
cost of paying per user license tliat allows tor u true ntulti-uxei enviroranent. Although this 
provides a limitation to the consumer, a multi-ltser environment would he a scldotlt-used feature 
in the lab environment. Since companies want the consumer to pay hundreds to thousands of 
dollars more for official server operating systems, they place limits 011 the software so it can only 
use a certain amount of the computer's resources.
Windows XP has a limit of two phy sical processors, hut thanks to new technologies in the
central processing unit (CPU). the limitation has become less stifling, ( Hir new server class 
machine in fig. 2 is composed of two Intel Xcon 2,8 GHz Dual-Core Processors F.tch core also 
contains hvpcr-threading techno logs that is similat to dual-core but shares 1 csoua-cs. Therefore, 
the sotiw are limitation imposed on us is met since we only have two physical processors That 
limitation is surpassed by the fact that we have eight logical processois on which programs run.
10 take advantage of extra processors software today is mullitlnrcaded, which translates into 
breaking up the program into xmallei operations that can run independently mid asynchronously. 
\ew  multithreaded programs arc able to push the processing onv elope by distributing the w ork- 
Joad across all the logical CPI's, fo r our SI.IP-FALLS-STKPm platform, we use LabYIKW to 
run our experiment, record data, process data, and synch with other research systems. LabYIKW 
provides a nice graphical programming interface so novice programmers can use it. It also allows 
for the flexibility in advanced programming for creating threaded applications, with 
communication streams between each, and for communicating with third party software.
The majority of our data analysis is performed in the Matlab package. With LabYIKW 8 0. you 
have an easy to script object to communicate and process data in Matlab. Given that we 
integrated and threaded our data acquisition and analysis, we have virtually eliminated offline 
processing time. In addition, Matlab can take advantage olTntcl's Extended M utton 64-hit 
Technology (F.M64T). The EM64T permits us to run Matlab 64-bit on our server, which also 
requires a 64-bit operating system (Window's XP 64-hit), With 64-bit software, the E\lt>4T 
allows one to address over 4GB of memory to which will dramatically decrease the processing 
time by removing hard drive reads and writes due in virtual memory usage, hi addition, the 
EM64 f  provides 64 hits of precision for accurate calculations. Nonetheless, we still have not 
reached the potential of our server. 'ITierefore. we decided to run simultaneously the data 
acquisition hardware and software for Tekscan tbot-pressurc mat in the server.
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5

Multithreaded Gateway server running
Windows XP, Lnbview 8.<l, MatLab 2006b

1. Control experiment and sync devices;

2. Collect data using parallel threads;

3. Con’t Cate. Al» ML COP and Weight;

4. Display results of each 15 to 19s run;

5. In the 3s between runs, convert data to 
eitgr unite, add time unite, and store;

6- Between runs, convert TekScan data to 
series of Excel spreadsheets, add time 
column, and analyze;

7, Between runs, scale EMGs to 100% of 
Max, Voluntary Contraction and save;

Gateway E-951SK Server SUP-FALLS 
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Position Position, Bell, 
& Motor Head Accel X3, 
Current Supported Wt, 

Prom Hand Pressure 
PMAC Sensor

NI SC2345
32 Chflls Signal Cond

jeach at Nt BNC2090
11 kHz Terminal

l>elSvs 
IhChnl EMG
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300Gb
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Keyboard IEEE 
Sl M«use*’"*N/;m *"602J lh

Dover DMM 2004
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switch states

Motor Drive 
to SLIP-FALLS

SCSI Card 

Maema PCI Bus Extender 

TekMat

Atlas Sound GPN 1200| 
1 White

lekScan 
HR Mat

Sound
Mixer AOpen Cobraommattds und Card

XmittWj Tone fekMntBTon Sensels
@50 Hz

friatierButton
XrattrSpkrs Hea

phones
30 fi>» Video A»>I)V

Cnvrtr
Busch Dimon-xf 
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GB 
[Ethernet Sw Camera 

MX Control
I Peak Computes*

(3 GHz)(0.£ GB RAM)4M Pixel MX NETEfkrusLSa250 Hz 
VICON MX40 
Digital Cameras

Converted and time syncmmzed data waiting for further analysis 
und cross- eorrellation, without the need for further post-processing

8. Calculate next stimulus parameter and 
start next trial.

Peak Motux 4*Digital Camera Sys:

1. Calibrate marker space;

2. Capture location of markers 
in space as a ftn of time;

3. Auto-increment tile names for 
each trial hi a run;

4  Calculate as a ftn of time, COM, 
distances & angles (sync time);

5. Capture synced color video 
if needed.

Figure 2: New equipment set up. A dual core, multi-processor Gateway server running Windows XP, LabVIEW 8.0 and MatLab 
2006b is the new FALLS computer. The Magma PCI bus extender attached to it via a SCSI connection allows the use of vender 
cards with the older PCI bus structure. The graphics card in the computer supports up to four simultaneous monitors. Three hot- 
swappable 200GB drives are configured as a PAID 5 set, to provide for data collection redundancy. The A/D card is expanded to 
32 channels, with 16 now coming via cable from a 16 channel DelsysEMG amplifier. The Tekscan HR Mat controller PCI card 
no longer resides in a separate machine, so that data can now be better time- synced. The motion capture system is upgraded to a 
4-camera system, each at 4 MPixel at 250 Hz, along with faster CPU. If desired, an analog video record of the test can be 
acquired. The output of the new system is such that no post-processing is required before correlative analyses can be carried out.

This addition brought us our first limitation on our server. The latest revision (3.0) to the 
PCI/PCX standard no longer contains a 5V connection. Some older cards (audio and Tekscan 
PCI cards) are set up for the old 5 V protocol, which required us to develop a work-around. We 
installed a rack-mounted PCI bus extension system by Magma, which allowed up to 4 PCI 
devices to share a single PCI slot in the server and be backward-compatible PCI slots. The bus 
extension worked well with the audio card (used for subject commands) and Tekscan card (used 
for foot-pressure data acquisition) allowing us to incoiporate both in  our server configuration.
The small physical size of our server (form factor 2U of a rack enclosure) cuts down the volume 
of the equipment need for the testing system, which is aided by having low-profile PCI ports.
We used low-profile PCI slots for a serial port (RS232) expansion card and SCSI 320 Mb/sec hot 
swappable RAID 5. The extra serial ports allowed us to control multiple pieces experimental 
hardware (Dover DMM 2004 and Tekscan HR Mat) simultaneously. Using RAID 5 for disk 
storage gives great data protection with only minimal loss of space as opposed to mirroring the
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hard drive, By Mt iping the data across the hard drives vt ith a pants hit. it enables the user to 
rebuild a hard drive's data completely if one crashes for high data security,
Kei ver hardware vs as nm designed far any flashy graphics cards and theic is no set high-speed 
graphic bus to use. flow ever, the server has the new PCIe standard that mans high-powered
video cards currently use today For our test monitoring, we chose the workstation class video 
card by NVIDIA because it gives is the ability to monitor all test parameters simultaneously 
since it lias- the ability to run up to four digital monitors. Also uu the l’Cle bits, we have our 
National Instruments data acquisition card. It is wired to two external hubs that allow for signal 
conditioning and data fine access. These modules allow for sy nchi onizing to both internal 
(Tekscan) and external (\'icon-Peak) software foi total integration of data collection.
The \  teott-I’cak system is a litree-dimenxionat marker based camera system. The digital input 
m d output (DIO) ports of the National Instruments DIO allow for triggering ami synchronizing 
the video capture data to lest events. Syncing is needed since there could be a delay before the 
cameras began recording Syncing also allows the three-dimensional motion capture data to he 
aligned with the other data acquired by the server,
We have improved upon the data acquisition parameters of the original setup, Originally J !  sig
nals Were conditioned by separate external Daylronies signal conditioning modules with numeiic
displays. Now. a National Instruments SCC system is used that enables us to do individual two- 
stage signal conditioning on each line if needed (e.g.. strain gage conditioning, followed by low 
pass filtering) We have used there SC breadboard modules on sonic signals to build our own cir
cuitry to rentm e large IK? offset voltages in some of our accclcromctci signals. The I abYIFW 
dnv er software that comes with the SCC takes care of gain and offset calibration so that data is 
sent from the SCC already in calibrated engineering units ti.e. mm), rattier than in raw numbers 
This automated scaling and unit conversion occurring at data collection decreases the need for 
post-processing, and partially addresses our design criteria b. With the SCC. we upgraded <ntr 
data acquisition card from 16 analog inputs to 32, with the SCC taking the kmei 1 <> channels, 
and KMG inputs the upper 16 1 lie new 16-eh«nnel I )ehys Bagnoli I-MG amplifier has a 50-pin 
output connector that interfaces directly to a NT BNC breakout box (BNC2090) that handles the 
upper 16 channels, blit that also allows us access to these signals as well as providing the DIO 
outputs. With the upgraded EMG system, we can acquire inputs from eight bilateral muscle 
groups on the body. Changes will bo able to be monitored not only in the muscle groups about 
the ankle as done now. but also the thigh, trunk, and neck muscles.
Our accelerometers (3 on the head Mid 1 on the platform) now have a peak-to-peak output ot ~2Q 
m's" The signal conditioning provides a gain to allow lor ImV per mmV output We maintain 
the original tout load cells ol the original force plate, We also stilt colled the position and motor 
current (shear force) from the Dover controller. Another change that we have implemented is the
using the DIO for our subject acknowledgment signal. The DIO provides much better method of 
recognizing a subject's response than analog input with peak detectors. More offline processing 
is allev iatcd u ith the advent of global \  irtunl channels in the lab VIEW software.

DisCIMKSMWI
Why did wc choose a servet tn  er a desktop l’C or workstation? First, what actually defines a 
sci ver? Is it the operating sy stem that it i mis. that lias ••server" in the title? Is it the number of
processors9 Instead, is it simply any thing that is overly large and bulky or xLeh and sty lish that 
cannot be referred to as a desktop or laptop9 Fven people who are experience computers cringe 
id the word server due to the lack of support in that environment. From our standpoint, a server is 
a computer that mavi mires the processing power per cubic inch of space it occupies, while not 
being singled for solitary use. and "serving’' several people and purposes at once to offload the 
burden from desktop machines.
llic  sen cr’s compact size and rack-mountable design make it convenient to house and oigani/c 
cables out-ol-xight. Therefore, there is less clutter in the lab workspace and less confusion ol
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equipment and function. lltc low profile PC! xtandaid lutd PCI bus expansions also ft i the 
sen ei to nuximi/e the space it occupies u ithout creating airflow problem that coukt I 11 

system failure.
\\ e needed a computer that would Dot be outdated be now software in the near future. The 
extendable mutton, and hard drive system will provide increased capacity for years to cane.
The KM64Tallows us to adapt to the new trend toward 64-bit eotnptitmg. The hM(>47 permits 
us to perform tasks that would normally require lime on supercomputers, and pros tdex the 
capacity to upgrade HAM memory to 16 (til front the current 3 (IB tf needed fot intutsixc 
analysis and simulations, Tlte hut-swappable hard drive ensures low down time but allows for 
almost plug and play expansion for up to six hard drives. This will ensure that we hate pkntx ol 
capacity foi subject data from Iwture tests.
I low ex er. the main issue wo had with the xerxer w as its cost The price is reasonable given that it 
replaces tivo workstation PCs, 'line rack-mountable setup has allowed us to streamline oui elec
tronics in the I ah und cut down on the clutter and confusion caused h\ the use o f several PCs tor 
testing. In addition, the new experiment piotocol could not run w ithoitt significant delays when 
implemented on a 2.4 < ill/, desktop PC. 'Iherefore. even though our server cost aioiutd 3 times 
the price of a high-end PC. the benefits out weighed cost due to higher producth its o f the kb

( 'otuTusiun
fire technologies exist to ete.ite u single system, which t*. capable of icplaemg multiple comett- 
tional PCs m current lab setups The sen ei platform piovides the means necessary to combine 
these technologies into a single unit By incorporating a sen or sy stem into our experimental
setup, our lab is able to spend more tune analy/mg usable data, writing, and developing new 
ideas for research, which allows fora more productive research environment.
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Problem
Diaber.ic adults are known to develop larue fiber 
peripheral neuropathy, but f«w studies have looked 
at centralinipairmentm diabetic adults. Do mature 
adults with well-controlled Type^l diabetes have a 
cranial nerve (CN) Vlllpathology?

Introduction
1 F «  c l  -a 11 i  j. t i l  f t l M  lim t v>*l u n r a t e d  

th r o u g h tn e lite r a tu r e in m a tu r e  lult ith ty j. I li 1 t  l i t
f e w  stu d ies  h a v e  io c k e a a t f n e  central n e r a o u s e tt e c t s  u N  v i n

q r r ^ v - o t  e la  a a ditorv in form ation .

2  R  l i  h  h  n  h e  e ffe c ts  o t  d iab etic  peripheral 

ne uropath v  a s  a sou rce  tor  im paired  balance: W hen  a ll d ia o eh cs
r l  p f  t i n  -pati r tl f  1 er  r l  T - N l i r l  

neu r a ilv  in tac t iN l n  m  ou r  studv are con sid ered , h ig h e r  s ig n if ica n t  
f  b*4 e  d  eh rr t  j r e  1 1 j lL  1 1 L  =

H  [ o n\ 1 i  Ithvm ature adu lts iH M a :  n = 2 7 ) .

3 -s.it ndu"t r  t°" tp r  i  i l  i n u a  t *t tt  t  all uw s
the «t J f }  art ot tl central nervous svstem..

Methods
♦ A l l  su bjects .(ages; 5 0 -7 5 )  w e r e s c r e e n e d  aga in st p a s t  m ed ica l 

h is to r ie s  o f  card iovascu lar  d isease , n e u r o lo g ic a l d isea se , drug an d  
a lc o h o l abu se , and fa lls. A l l  su bjec ts c o u ld  fu n ction  in d ep en d en tly  
b a sed  cn  th e  B E R G  b a lan ce  s c a le .(n o  s ig n ifica n t d ifference,  
b e tw e e n  grou p s) A il H M A  w e r e  neurally. in tac t

-  A ir  con du ction  au d io lo g y  te s t  w er e  per form ed  b y  cer tified  

a u d io lo g is ta t  1. z . 4 .  aria «  n H z

♦ A n  u ltra -low  - v io r a t io n S lid in s  L in ear  In v estig a tiv e  P la tfo r m  for  
A s s e s s in g  L o w e r  L im b S ta b ih tv  usLIP -F a L L S  ; w a s  u sed .fo r  
th resh o ld  d e tection  ot perturb sh e a s  du ring  qu ie t standing.

♦ D a ta  w a s  an a ly ze d  in  E P 3s'£ 14 u s m e K r u sk a i- ’/v a llis  n on -  

p a ra m ein c  test, an d  A l lO V A  w ith  T u k e y  p o s t  hoc .

Results - Hearing

H e a r i n g  L o s s

♦ D t l>  n w e i  i g n f i  anti m  l e h e  n n a b  than H M A . a t  4  a n d  3  
:< H z b ila ter a llv (p  < u .u 2 7  a n d p  < u .O u ?resp ectively ).

•N o  s ig n if ic a n t  difti

S e x - R e l a t e d  H e a r i n g  L o s s

H

Results -  Balance and Neuropathy
P c n p h e r a l  N e u r o p a t h y  

versus
N e u r a l l y  I n t a c t  i n d i v i d u a l s

s  -D M A  w ith  Phi did n o t  d iffer  t in t  tl h lin  w e r e N I  m  acceleration  

s  thresh o ld s
•E 1L * i p l t  J gt f  m il  de ? i  t l i l ib  t^  t o e  1 1  r  tn 

s  perturbations at 1 -and 4  m m  th an .H M a  cp c  0 .u u 3  a n d d  <  ouO?.'!

P N  v s . N I i n  H e a r i n g  L o s s

HMA

E
• M a le D M A h a v e s ig n il tc a n t ly m c r e h e a r in s . lo s s  th an  o th e r  groups a t.4  ; 
an d  w kH z  e x ce p t  on  th e  le f t  ear at 4  k H z  v  ersu s m a le  H M A . ;

•H ea rin g  L o ss  in D M a  at 4 'and «  k H z  is  larger  than H M A  for  b o th P N  
and N I. bu t 4  k H z  H earin g  L o s s  i s  l e s s  in  NI.

Conclusion
1. DM A have some si&ui (icant central nerven s 

system impainncm as indicated by tlie air 
conduction test.

2. The sex-related hearing loss in DMA cannot be 
conclusively confirmed due to the low sample 
size of femaleDMA, (tt=6).

5. The higher significance achieved with hearing 
and acceleration thresholds when all DMA (PN 
and NI) not just DMA with PN provides 
evidence for a peripheral neuropathy of CN 
V ill or a more central mechanism.

4. The lack of difference in acceleration of profiles 
of both PN and NI, and the lack of significant 
difference in hearing loss in PN and NI supp ort 
a vestibular mechanism for pathology and 
detection of movement.

5. Additional audiologi al 1 esofDM Amight 
be able to char acta- size signs of undiagnosed 
diabetes. (lietiTore orovidma preventative care 
to parienrs.

6. Future studies should undertake this in 
combination with other cognitive and evoked 
potentials to look diabetes effect on other 
aspects of the central nervous system.
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COr-
CO

A PO SSIB L E  DETECTION MECHANISM (TA EMG) F O R A  16 MM UNIAXIAL FORWARD  
PERTURBATION IN DIABETICS AND ELDERLY ADULTS

Prob l em
D ia b e tic  m a tu r e  a d u lts  s h o w  a n  in c r e a s e d  
s w a y  len g th , w h ic h  m a y  le a d  t o  a n  in c r e a s e d  
l ik e lih o o d  o f  f a l ls .  H ow  w e ll d o e s  a d ia b e tic  
in d iv id u a l w ith  m ild  p er ip h era l n e u r o p a th y  
d e t e c t  m o tio n ?

In tro d u c tio n

. W e  believe th a t understand ing  th e  ba lance  control sy s  
re  quires th e  u se  of perturbation  p ro b e s  th a t a re  c lose  t 
th e  range  of sw ay se en  during quiet standing. T h ese  
m o v e s  are  a round a th resho ld  detec tion  level 

3. W e  h av e  developed  sp e c ia l platfotm  for sm all m oves 
|mrn) tha t rem o v e s  no ise  a n d  th e  ne ed  for ha rness , 
sion-diabetic su b je c ts  h a v e  a low er accelera tion  thresh 
’or de tec tion  o f frc n e rn e f fi th a n  do diabetic sub jects.

M eth o d s
uitra-low-vibration Sliding L inear Investigative Platfc 
A ssessing  Lower Limb Stability (SU P-FALLS) w a s  
d for th resho ld  detec tion  of pertu rba tions during qui

• D elsys Bagnoli EM G A m p U sed  with Duai 
Differential E lec trodes app lied  Duatergny to  the 
T ibialis Anterior (TA) a n d  G astrocnem ius. ScHeus 
(■33) m u sc les  

-  Sam p led  at 1 OOCi Hz.,RM S Value filtered at 50 Hz. 
T w o A lternative F p rc ed  C hoice Protocol w a s  used  for 
sequential te s t  de tec tion  o f  pertu rb a tio n s A Modified 
P a ram e te r Estim ation for Sequen tial T es ting  algorithm  wat 
u s e d tp  lower th e  num ber of trials n e e d e d  to  accurately

8 6 8 .1 3
TA A cti va tio n  a t 1 & 4  m m

Tim e- E n s e m b le -A v e ra g e d  T ib ia lis  A n te rio r EMG A ctiv a tio n  R e s u lt in g  fro m  16m m  P e r tu rb a t io n s  
In te rv a l 1 In te rva l 2

-  i
C o n c lu s io n s
1. T h e  p r e s e n c e  o f  T A  E M G s  c o r r e l a t e  w i th  d e t e c t -

M e c h a n i s m s  o t h e r  t h a n  s ir n p le

d i a b e t i c  s u b je c t s  s i n c e  E M G  a c t iv a

T h u s , i - d ia b e t i c  s u b je c t s

F o r  d ia b e t i c  s u b j e c t s ,  th e i r  inci 
c r e a t e s  a  lo w  s ig n a l - to - n o i s e  r

i s e d  s w a y  
o w h ic h  m a yaisp iayed  a  h ighe r physical r e sp o n se  of A P C oP  positioi

I n d ia b e t i c  s u b j e c t s ,  t h e  l o s s  o f  a m o r e  p r e c i s e  
d e t e c t io n  s y s t e m  m ig h t  s  u q g e s t  T A  a c t iv a t io n  Is 
u s e d  a s  a  p o s s i b l e  d e t e c t io n  .

T h e  Tf\ a c t iv a t io n  is  n o t  a c c o m p a n i e d  b y  a n y  
a n t a g o n i s t i c  G S  a c t iv a t io n :  t h e r e f o r e  G S  E M G  
d o e s  n o t  s e e m  to  b e  a  r e p o s i t i o n in g  r e a c t i o n  to

P lo ts  o f O n e  D iab e tic

e s  p r o d u c e  p r o p o r t io n a l l y  i e s s  
in  w ith  h i g h e r  r e q u i r e d  a c c e ie r -

e s s  a c t iv a t io n  in  1 a n o 4  m m  t r i a l s  c o u ld  p o i n t t o  
d i f f e r e n c e  in  b o d v  r e a c t i o n  t o  a  s t i m u lu s  w i th  

LStlwJ_frBg..jr;nrAj;^g_th^JSmm..B6j î|̂ _atifir)̂ _i||||1ir
A cknow ledge

diabetic sub jec t for
ran ts  # E  91 -3 55A P ,

d isplays the  incn
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HUMAN USE COMMITTEE REVIEW 
APPROVAL FORM

TO: Dr. Mary Livingston and Dr. Les Guice

FROM: Barbara Talbot, University Research

SUBJECT: ■ HUMAN USE COMMITTEE REVIEW 

DATE: 11/14/05

The tfallawing Human Use Research proposal has been submitted for an 
I M*I 1)111 m  M l \ M U \  KKI1.V:

Number: HUC-073
PI: Dr. Charles Robinson
Title: “Psychophysics of Postural Perturbations in Young and Old”

Please initial this transmittal letter and return it to me when you approve as is, or 
recommend changes to this proposal.

\ Changes Recommended by Dr. Mary Livingston 
Approved by Dr. Mary M. Livingston 
Approved by Dr. Les Guice

Comments:

Initial Bate

I i/14/05

U ll
J

< / 7 ly f 1 |

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



376

M ailIn b o x : Re: Fw; HUC-073 - Charles J. Robinson https://webnuiiUatech.edu/horde/imp/message.php?mdex“9727

1

Quota status: 602.48MB / 2048.00MB {29.42%)

Znbox: Re; Fw; HUC-073 - Charles 3. Robinson (4  o f 7 9 4 5 ) | s
Mark as: Move j Copy | This message to Back to Inbox ^  ^

Delete [ Reply | Reply to All | Forward j Redirect | View Thread j Blacklist j Whiteiist | Message Source! Save as j Print j 
Report as Spam

Date: Sat, 12 Nov 2005 08:45:42 -0500 D 1/12/05 07:45:42 CST]
From: Charlie Robinson <rob1nson@ cldfkscHi.edu> ®

To: Terry McConathy <tmm@iatech.edu>, Charlie Robinson <fobinson@ciarkson.edu>
Cc: "Mary M. Livingston" <maryml@!atech.edu>, Beth Free <bfree@tatech.edu>, Les Guice <guice@!atech.edu> 

Subject: Re: Fw: HUC-073 - Charles J, Robinson 
Headers: Show All Headers 
Dear Dr, Terry and Dr, Livingston,

Thank you for your guidance in this manner,

I hereby request an extension of protocol RUOG73 through March 31, 2006.
Accrual on this protocol has stopped, and no more subjects will be entered into it.

All of the basic protocol remains the nearly the same, except that the subject 
population.
should be increased to reflect the number studied. Thus a request is made to change 
the
proposed accrual number to 40 healthy young adults, SO healthy mature adults SO yrs 
or
older, and 50 diabetic adults over 50.- Note that their is a corresponding VA 
IRB-approved
protocol in which has been updated yearly to reflect all changes.

We wish the protocol to reflect the fact that we have added a TekMat foot pressure 
sensor
and a vicdn motion capture system to our data collection routine, These were done 
with no
additional risk to the subject, as the basic perturbation sequence remained exactly 
the
same throughout our entire study. No adverse effects to our protocol were seen in 
any of
the 150 individuals tested.

For a progress report, this project has been very successful: Four peer-reviewed 
papers,
16 or more conf. abstracts, 1 PhD dissertation, 4 MS thesis and 1 project completed, 
with
another 1 PhD, and 4 thesis that will be forthcoming from Tech students. One of the

I of 4

co n f .
papers won a student prize. 

-Charlie R.

At 11:03 AM -0600 11/11/05, Terry McConathy wrote:

[Hide Quoted Text]

Charlie:

11/14/2005 9:45 AM
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M ail:: Inbox: Re: Fw: HUC-073 - Charles J. Robinson htips://weWlbtech.edW hotde/imp/message.php?md«-9727

Below is Dr, Livingston’s assessment;.

Please proceed with a request for extension. Also, if you are, as you state, 
using the
data in blinded studies, you will need to have an extension to cover those studies 
as
■well. We need to keep our documentation accurate, and current.

Dr. Livingston is always able to expedite these requests, so I foresee no delay in 
processing this thesis while the approval is obtained. Dr. Livingston indicates 
t h a t
this can be accomplished by email.

Thank you.
Terry M. McConathy 
Executive Vice President 
Dean of the Graduate School 
Louisiana Tech University 
Box 7923
RtiSton, LA. 71272 
Tel 318-257-2924 
Fax 318-257-44.87

  Original Message  ---- From: "Mary Margaret Livingston" <maryrnl@LaTech.edu>
To: "Terry McConafhy" <tmm#lai:ech.edu>
€c; <guice@latech.edu>
Sent: Friday, November ii, 2005 10t51 AM
Subject: Re: HUC-073 - Charles J. Robinson '>

Terry,
I concur with ail you have said.
1) Off site work does need approval, 2} Given the variability in XRBs, Tech has 
as you
know adopted the general policy of independent approval.
3) The researcher does need to get an extension after a year. It can be done by

or email since there has been no change in the study. We have performed expedited 
approvals an such extensions that involve no changes in the protocol and no 
unanticipated problems. This could be performed by me, Or Guice or you as you do 
when
he is gone., or Dr Guice' a delegate. I, like Charlie Robinson, had mistakenly 
thought
that once data was collected und being analysed no extension was necessary. At 
the
CHRP education conference held at Tech last Spring I was informed otherwise by

r instructors. The folks from CHRP said that the studies have to be 
even if data is just being analyzed. There is usually no problem with 

’ yond a year if things have not changed and are going well. I really
; p. p i c vharlis Robinson’s conscientiousness and hope that other researchers 
will
observe the expiration dates. Thanks for your help, and for keeping me informed. 
Mary

Quoting Terry McCoxxathy < 

Charlie:

latech.edu>:

It has been our practice that if a Tech. student is doing research that requires 
IRB
approval, even if it is conducted off-site, Tech IRB approval must be obtained.

Terry ; M cC onathy

2 o f 4 11/14/2005 9:45 AM
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Mail i: Inbox: Re: Fw: HUC-073 - Charles J. Robinson

Executive Vice President 
Dean of the Graduate School 
Louisiana Tech University 
Box 7523
Ruston, LA 71272 
Tel 318-257-2524 
Fax 318-257-4487

----- Original Message ----- From; "Charlie Robinson" <robinsontclarkson,edu> 
To: "Terry McConathy” ctmm@latech.edu>; "Mary M. Livingston"
<maryml@latech.edu>;
"Beth Free" <bfree©latech.edu>; "Les Guice" cguice@latech.edu>; "Vikram Arun 
Darbhe"
<:vad005#LaTech. edu=>
Cc: "Charlie Robinson" crofolnson^clarkson.edu>
Senti Friday, November 11, 2005 10:20 AM 
Subject; Re: HUC-073 - Charles J. Robinson
At 3;31 AM -0500 11/11/05, Terry McConathy wrote:

Mary M a r g a r e t :

V ikram  A.* nr; D ttb h e , a n lu d e ii l  n e a r in g  wu, h \h : . R o b in so n , t-.i-p e n b m f te d  a 
c h e s i s
d a te d  E rr ;o rd e r  2005 and i s  u s in g  tn e  HUC-0 73 IRB a p p ro v a l i s s u e d  to  Dr.
R o b i n s o n
and  a p p ro v e d  on M arch 20 , 2001 . The a p p ro v a l s t a t e s  c l e a r l y  t h a t  ’■This 
a p p ro v a l i s
g r a n te d  f o r  one y e a r  from  th e  d a te  shown a b o v e . P r o j e c t s  s h o u ld  be  renew ed 
a n n u a l ly ."  The HUC ap p ro v a l, h a s  e x p ir e d .

Is this HUC 073 approval still valid for this student’s thesis? Or do we 
need a
w r i t t e n  e x te n s io n , t o  c o v e r  i t ?

I would a p p r e c i a t e  an  answ er ae  soon  a s  p o s s i b l e .  T h is  s tu d e n t  i s  t r y i n g  
to
g r a d u a te  n e x t week.

T h an k s ,
T e rry
T e r r y  M- M cConathy  
E x e c u t  i  ve  Vi c e  P r o  t r i d e n t  
Lean o f  t i r e  G r a d u a t e  S c h o o l  
.Lo id .a rana  T e e n  U n i v e r s i t y  
Box 7522
RustOH, LA 71272 
T el 318-257-2924  
Fax 318 -257-4487

you for your efforts with respect to Vikram.

The thesis data collected at Tech was all done within the 1 year time frame 
covered
by the IRB approval from Tech. NO DATA WAS COLLECTED AT TECH after that date, 
because of some controller problems. The student is simply analyzing that 
data as a
part of his thesis (which does not require IRB approval). He DID NOT 
participate in
carrying out those experiments.

All other data in his thesis was collected at the VA under a VA-approved IRB 
in my
position as a VA researcher. He included that vh consent in his thesis, and 
was told

378

https://webmaii.latcch.edu/liorde/imp/mes8age,php?index^9727

3 o f 4 11/14/2005 9:45 AM
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M ail:: Inbox: Re: Fw: HUC-073 - Charles J, Robinson. https://webmaillatech.edn/horde/irap/message.plip7iiidex-9727

that this was unacceptable. That VA IRB has be continually and annually 
reviewed,
with required yearly progress reports. If you need a copy of that approval 
for the
time frame in which the student's data was collected (FY05) , I can provide it 
to
you. I terminated the VA data collection protocol on Sept. 30, 2005, and made 
a
final progress report. The data is still being analyzed in a blinded fashion, 
and
will be the subject of additional students' theses. These later theses should 
not be
subject to having a current IRB approval from Tech, since the data is 
blinded.

Teen's IRB should recognize comity with the VA IRB.

“Charlie R.

I ***********-**'******•************'******•*•**********★
Charles J. Robinson, D.Sc., P.E. Fellow IEEE, Fellow AIMBE, U.N.E.S.C-0. 
Academician

: Director, Center for Rehabilitation Engineering, Science and Technology
(CREST)

j Herman L. Shulman Chair Professor, Department of Electrical and Computer
\ Engineering
] j  Office CAMP 227; Clarkson University Box 573 0; Potsdam, NY 13659-5730
1 I CREST office: CAMP 225; Phone: 315-268-6528 /6651 Fax: 315-268-4494
j | ; Cell Phone 315-244-6241
! | Offices hours 12:30 to 5:30 PM; Mort-Fri
I I Email <c.rahinson@ieee.org> or <robinson@clarkson,.edu>

| Senior Rehabilitation Research Career Scientist
; DUTY STATION: VA Potsdam Satellite Rehabilitation R&D Center
‘ 3rd Floor, Clarkson Hall, Potsdam., NY 13676

Phona: 315-425-vvw; Fax 315-425-wwww 
Offices hours 7 AM to 12 noon; Mon-Fri
HOME AFFILIATION: Syracuse VA Medical Center, Research Service 151 
Rm 04 08; 800 Irvine Ave., Syracuse, NY 13210 

| Phone 315-425-4400 (X536G6)
i
? Adjunct Professor, Orthopaedic Surgery Dept, LSU Health Science Center,

Shreveport,
LAi i Adjunct Professor, Louisiana Tech University, Ruston, IA (Phone:

I 318-257-4562)
| Founding, but Past Editor, IEEE Transactions on Rehabilitation Engineering

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
! “Service is the rent we pay for being. It is the very purpose of life

and not something that you do in your spare time."
Marion Wright Edelman

L ; * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

This message was sent using IMP, the Internet. Messaging Program.

Delete | Reply f Reply to All j Forward | Redirect j View Thread j Blacklist J Whltelist j Message Source | Save as | Print j 
Report as Spam
i Mark as: §§  Move | Copyj This message to Back to Inbox ^  #■

♦ o f4 11/14/2005 9:45 AM
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.HUMAN USE COMMITTEE REVIEW 
APPROVAL FORM

TO: Dr, Mary M. Livingston

FROM: Stephanie Herrmann

SUBJECT: HUMAN USB COMMITTEE REVIEW

DATE: 5/5/2004

The following Human Use Research proposal has Been submitted for an 
EXPEDITED REVIEW:

Number: HUC-073
PI: Charles J. Robinson
Title: Psychophysics of Postural Perturbations in Young and Old

Please initial this transmittal letter and return it to me when you approve as is, or 
recommend changes to this proposal.

Q  Received by University Research
□  Changes Recommended by Dr. Mary Li vingston 

Approved by Dr. Mary M. Livingston
□  Approved by Dr. Les Guice

Comments:

Initial

5/5/2004

VtA. L .

\MU

P i n j M  dp»r<>*(X-

O k k m j i d - ____
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MEMORANDUM

TO: Charles Robinson

FROM: Stephanie Herrmann, University Research

SUBJECT: HUMAN USE COMMITTEE REVIEW

DATE: March 20,2004

In order to facilitate your project, an EXPEDITED REVIEW' has been done for your proposed 
study entitled:

The proposed study procedures were found to provide reasonable and adequate safeguards against 
possible risks involving human subjects. The information to be collected may be personal in nature 
or implication. Therefore, diligent care needs to be taken to protect the privacy of the participants 
and to assure that the data are kept confidential. Further, the subjects must be informed that their 
participation is voluntary.

Since your reviewed project appears to do no damage to the participants, the Human Use 
Committee grants approval o f the involvement o f human subjects as outlined.

This approval is granted for one year from the date shown above. Projects should be renewed 
annually. Projects involving NIH funds require annual education training to be documented. For 
more information regarding this, contact the Office of University Research,

You are requested to maintain written records of your procedures, data collected, and subjects 
involved. These records will need to be available upon request during the conduct o f the study and 
retained by the university for three years after the conclusion of the study.

If you have any questions, please contact Mary Livingston at 257-2292 or Stephanie Herrmann at 
257-5075.

Note to Researcher:
Reviewer recommends providing a list ofdrugs and medications that would qualify m d  disqualify 
a candidate on the consent form.

“Psychophysics of Postural Perturbations in Young and Old” 
Proposal # IlUC-0073
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LOUISIANA TECH
U N I V E R S I T Y

o r  v m v sR sm r research

MEMORANDUM

TO: Dr, James Qreen

FROM; Stephanie Hemanaa, Onims^r Rewardi

SUBJECT: HUMAN USE COMMITTE1 REVIEW

DATE: May 12,2004

The following Human Use Research Proposal has been submitted for an EXPEDITED REVIEW:

HUC-073
Charles J Robinioa
Psyebophysta of Postural Perturbations in Yoang and Old

M:
Title:

Due to the physical nature o f tlsi* study, Dr. Livingston has asked that you review it. After you
review this study, please sign this memo and return it to me with rather your approval "as is," or

APPROVAL: - e = ^
&slw

-£-̂ au«-a_J>A'ra

.  /  CHANGES RECOMMENDED^ ^ — -  DATE: 5 7 ^

* 7 ^ r f  a n J ^ f t . V l  t w . U  IL •* I-  at *, ‘A ?
The attached Information is a copy only. You may discard and only return this approval
sheet when eompkts. Yan may fur approval aed/er rbange* to 257-5679 or emi
iw m ^m fieK tM L hlstL tds. This may also be retained t»y mall In the enclosed
envelope. Call 2S7-S07S with any questions.

A m im sw  op m s  univpwutt op w b u m  svsot*

p.o. moxwoa ■ r u s t to ^  l a  t d w  .  tb le p h o n b  &m m -m *  # pax uis> si?.
AM EQUAL OPttSWllNWV ilNtVtUJTV
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LOUISIANA TECH 'T
U N I V E R S I T Y

A  Mi'wrscfi op m  UNtWHSor o* Ioubw na. System

y 5

MEMORANDUM

TO: Institutional Review Board
University Research Office

FROM: Charles I. Robinson
CyBERS

SUBJECT: Human Use Committee Review (Expedited Review Request)

Date: May 3, 2004

Attached is the Human Subject’s Consent Form submitted under the Study Title: Psychophysics 
of Postural Perturbations in Young and Old. It was originally submitted in February of2003 and 
approved; however, the form expired February 2004. Therefore, we are resubmitting the form 
(without changes) to the Institutional Review Board, and request expedited approval, as we are 
ready to resume testing.

We will change the start and stop dates on page 3, when notified of the new dates. Thank you for 
vour assistance.

Charles J. Robinson, PI I ’ Date ’

   S - ’S '-o  y
>per, Interim D&m 

College of Engineering & Science
^  ruUf,Dr. Stan Napper, Interim Dem Date

C e n t e r  fo r  B io m e d ic a l  E n g in e e r in g  a n d  Re ha b ilitatio n  S c ie n c e  (CyBERS) •  C ollege  o f  En g in e e r in g  a n d  S c ie n c e

7 11 SOUTH VIENNA * RUSTOR LOUISIANA 71270 * TELEPHONE !318)257-4562 • 'fiftX (318)255-4 i75.........
EMAIL; CYBEm@COES.LATECH.EDU * WEB; WWW.CYBERS.LATECH.EDU 

A N  EQUAL OPPORTUNITY UNIVERSITY
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LOUISIANA TECH UNIVERSITY HUMAN SUBJECT’S CONSENT FORM

STUDY TITLE: Psychophysics of Postural Perturbations in Young and Old

DEFINITION OF CONSENT FORM 
We are asking you to volunteer for a research study conducted at Louisiana Tech University. It is impor
tant that you read and understand the information on this form. This Consent Form gives detailed infor
mation about this research study. It Is not meant to frighten or alarm you; rather it is an effort to make 
you better informed in order for you to make a decision as to whether or hot you wish to participate. This 
process is known as “Informed Consent.”

PURPOSE OF STUDY/PROJECT AND SELECTION OF SUBJECTS
Slips and falls, and even fear o f  falling, can represent a mayor medical and functional barrier to living indepen
dently. To react to a potential slip or fall, you must be able to detect motion changes that may lead to slips or 
falls, and be able to fine-tune the control of the muscles used to maintain balance.

You are invited to participate in a research study related to standing balance and postural control. Researchers at 
Louisiana Tech University hope to leant how much the senses of the limbs (touch sense, joint angle sense, 
muscle tension sense) contribute to the stability o f your posture. With such knowledge, we might later be able to 
evaluate the potential to fall or slip, and to develop training methods that might reduce the risk offalling or 
slipping. You were selected as a possible participant in this study because your senses are intact and your 
responses will be used as reference. You should be 18 years old or older to participate in this study. Before 
proceeding further, we need to ask you if  you have had certain illnesses or neurological problems, since some of 
these conditions might confuse our study results, and hence, make you not a candidate for this particular 
research study Your answers will remain, confidential.

May we ask you some questions about your medical history?
YES or NO: Initials:,_____

We must exclude you from this study if you have a current of past history of severe heart, circulation or breath
ing problems; diabetes, chronic lower back spasms or pain; deformities of the spine, bones and joints (such as 
abnormal spinal curvature, arthritic changes or amputation); brain strokes, spinal cord injury or other damage to 
the nervous system; non-healing skin ulcers; current drug or alcohol dependence; or repeated falls; or if you are 
taking prescription medication that causes or prevents dizziness. (Any information obtained during this study 
and identified with you as a subject will remain confidential and disclosed only with your permission.)

Do you have now, or have you had, any of the problems just listed?
YES or NO: Initials:______

Would you have problems or fears with being blindfolded for 15 to 20 minutes or so at a time?
YES or NO: Initials:______

If you answered “Yes” to either question, thank you for your time and effort in volunteering to participate, but 
we cannot use you in this particular study. Please fill out the personal information on the last page before you 
go. If you answered “No”, then you are a likely candidate for our study, which we will now explain to you.

PROCEDURE TO BE USED
If you are an adult in good health and have no physical or neurological problems, you probably do well in 
sensing changes in balance, and hence will serve in a “control” group. If you decide to participate in this 
research study we will ask you by phone or in our lab to answer a brief medical questionnaire that helps us
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determine in which group you will be placed. In the lab, we will give you a short test called the Mini-Mental 
test that measures how well you remember things and can follow instructions. The questionnaire and test will 
require approximately 20 minutes.

When you balance, you might be using your sense o f foot pressure and/ or of muscle effort (as signaled by your 
leg nerves); your vision; or the balance sense organ (called the vestibular system), or any combination. It is 
important to our study to be able to separate out these effects, so we do the tests outlined below. We will 
measure how well and how fast you sense small touches to the bottom of your foot and toes; how well and how 
fast you sense tones of various pitches; and how far your big toes, ankles, knees and hips move (called your 
range-of-motion) and the strength of the muscles of these joints. We will note any differences in leg length. We 
will see how well you balance on both legs, on one leg, and with one foot behind the other with your eyes open, 
and with your eyes closed. You will do this test standing on a tile floor and on a large, thin piece of foam 
rubber, These tests will take about 40 minutes, but will be given in-between our tests.

While it is important for us to understand via all o f these tests how your nervous system is functioning, we also 
reinforce to you now that you are a volunteer. As such, you can just tell us that you do not want to do one or 
more of these tests, or to stop a test (or quit altogether) in the middle of a test (or any time) if you do not want to 
continue. It is your right as a volunteer, and our duty to allow you to do what you feel is best for yon. All of 
these preliminary tests could take upwards of three or four hours to complete.

Testing your ability to detect small movements: All humans sway. It is a natural, every second, occurrence. 
What we do is to add a small sliding movement (a fraction of an inch) to the plate on which you are standing. 
The movement might be left/ right/ forward or backward. The main test will have you standing with bare feet on 
a platform that will be stationary for about 20 seconds before it is moved. You will be told when a possible 
move may occur and you will be asked to decide and signal al what time the device was moving. In these tests, 
the platform will move your whole body. You will be wearing a blindfold that will restrict your vision and 
headphones to reduce outside noise, so that you may only receive motion inputs from your sensory system or 
balance system. For all tests you will be wearing adhesive muscle activity sensors on your legs. If you complete 
all these platform tests, we estimate that the completion of this part will take less than 4 hours. We will stop 
testing if you become dizzy or nauseous. You also can stop the test at any time that you wish, without reprisal.

MEASURES TO INSURE PROTECTION OF YOUR CON FID FNTI AI JT Y AND ANONYMITY
Information and research results will be used to further the field of posture and balance control and to benefit 
the evaluation and therapy processes related to posture and balance. Therefore the research results will possibly 
be used for scholarly papers, presentations, and future grant applications. Any information obtained during this 
study and identified with you as a subject will remain confidential and cannot be disclosed without your written 
permission. If  results of this study are reported in medical journals or at meetings, you will not be identified by 
name, by recognizable photograph, or by any other means without your specific consent. Your records will be 
maintained according to this University’s requirements. By signing this form you are giving permission for us 
to make records available to the Louisiana Tech University Institutional Board for Human Research to which 
information will be released, a l  o f whom must maintain confidentiality.

P SKS.
All motions of the platform will be near your natural sway change of position. Because of this, you may not 
always fe~a5IiTk> feel the device move, Alotrborausg'flie movements~Wlirtiel soslight, there is very little chance 
of your falling. During the times where the platform is moving and while your eyes are closed or blindfolded, 
and you are wearing the headphones to block out external noises, you may feel a slight loss of balance, dizzi
ness or nausea. A member of the laboratory staff will be standing behind or beside you al all times when you are 
blindfolded. He or she is located there to correct your position before a potential fall event can occur. Since we
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use properly isolated electrical amplifiers, there should be no risk of shock from our measurement of 
muscle activity. The muscle activity sensors will be held to your skin with a small piece of double-sided 
tape. The gel that helps conduct your muscle activity in the sensors may have a salt base. You may 
experience some redness from the tape or the conduction gel. This is common and the redness should 
disappear within a few hours.

ALTERNATIVES:
You are not required to take part in this study—your participation is entirely voluntary.

NON-PARTICIPATION OR WITHDRAWAL:
Your decision whether or not to participate in this study will not involve any penalty or loss of rights nor 
will it prejudice your future relationship with this institution. If you decide to participate, you are free to 
discontinue participation at any time without penalty or loss of benefits to which you are entitled.

BENEFITS/COM?ENSAHON:
Taking part in this study may not personally help you, but your participation may lead to knowledge that 
will help others. We will review your own results with you before you leave, and significant overall 
findings developed as a result of this study will be provided to you at the conclusion of the study. There 
will be no cost to you for any of the testing done as part of this research study.

CONTACT INFORMATION:
1. If you have questions about your rights as a research participant, you may contact the Chairman 

of the Institutional Review Board, Dr. Les Guice, at (3 IS) 259-29-26 or Dr. Mary Livingston at 
257-4315.

2. If you have questions about this study or problems arising from this study, you should call Dr, 
Charles Robinson at (318) 424-6080 during the day, and Dr, Robinson at (318) 513-9122 after 
hours.

3. You will receive a signed copy of this consent form.

AFFIRMATION FROM SUBJECT:
I ,______________   , attest with my signature that I have read the preceding description of
the study, “Postural Control Response to Small Accelerations”, and understand its purposes and methods.

I understand that my participation in this research is strictly voluntary and my participation or refusal to 
participate in this study will not affect my relationship with Louisiana Tech University in any way. 
Further, I understand that I may withdraw at any time or refuse to answer any questions without penalty.

Upon completion of the study, I understand that the results will be freely available to me upon request.

I understand that the results of my survey will be anonymous and confidential, accessible only to the 
principal investigators, myself, or a legally appointed representative.

I have not been requested to waive nor do I waive any of my rights related to participating in this study.

Signature of Participant or Guardian Date

Signature o f  Person Administering the Informed Consent Date

Signature of Witness

Signature o f  the Principal Investigator Date

This form has been approved by the Louisiana Tech University Institutional Review Board on 
and.expires on................... ......
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