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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.
Flectromyography, 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,

il

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



v

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]
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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° m.[10, 11, 27, 28] th:n
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.[38] 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.[SO] 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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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.[58] 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 Alc 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.[11] 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.[35] 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-1-
down staircase methods can quickly come to threshold, but the statistical power is
low.[90, 92] Kaernbach 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, STAM 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 (o) and
cant (B) 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]

Roll

X-axis Rotation] /37(“-\

[Y-axis Rotation
Yaw

-N--

Figure 1.1. The a and B 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 oﬁtimized 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. Modern 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 cm?). 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.lmm.[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 1b. 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 scfm
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).

_m-a-d
P=

M

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 Egs. 2 and 3.

209.55(, +1, —1, — 1,)
w

APCoP =

@

174.625(1, +1, 1, —1,)
w

MLCoP = 3)

Where 209.55 and 174.625 are the distances in millimetres between pairs of load
cells in the anterior-posterior and medial-lateral diréctions, respectively

The anterior-posterior center of pressure (APCoP) and medial-lateral center of
pressure (MLCoP) time-series profiles were derived from the load cell (/) data[11], 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) = | APCoP(n)* + MLCoP(n)*;n =1,..,N @

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 (sap) and ML (syy) directions is

the standard deviation of each respective time series.

MDIST = Y. 3" TS(n) ©)
RDIST =, /%VZTS(n)Z (6)
Sep = RDIST> — MDIST* (7)
range = max— min ®)

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

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

both.[12]
¥+1|(APCoP(n+1)— APCoP(n))’ t
TOTEX = , - 9)
n=1 |+(MLCoP(n+1)— MLCoP(n))
TOTEX,, = Nz_jllAPCOP(n +1)— APCoP(n)| (10)

n=1
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The mean velocity (MVELO) is calculated from the TOTEX, TOTEX,,, and

TOTEXi.[12] MVELO (Eq. 11) provides the average velocity for the entire time (T) of
the quiet standing period.
MVELO =TOTEX /T (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 (Egs. 12-13) for 95% confidence (z s
= 1.645; F gs12,1 = 3.00) respectively.[12] The covariance (sapmr) 1S required for the

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

AREA— CC = n(MDIST + z (sSp) (12)
AREA—-CE = 2”E05[2,oo] \/Sjpszzm - S124PM (13)
S o = %VZAPCOP(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) (Eqgs. 18-20 based on
TOTEX (FD-PD), AREA-CC (FD-CC), AREA-CE (FD-CE)).[12]

Y-1(APCoP DYMLCoP:
swayareaz%TZ ° (n+ ) ° (n)
n=1

(15)
~|— APCoP(n) MLCoP(n +1)

MVELO

MFREQ =
Q 2aMDIST

(16)
MVELO,,

MFREQ,, = —————4P_
Qur 4\2MDIST ,

(17)
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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 drp.cc and drp.ce (Egs. 19-20).

Fp—__loe) (18)
Nd
log ( /TOTEX)
Arp_ce =2(MDIST + z 55, (19)

dep o = JgEOS[Z,oo]'\/ Sipsfm - S124PML (20)

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

while Af'is the frequency increment for the power spectrum.

J

pe =y (mAf) G(m) @1

Eq. 22 incorporates u to calculate the total power of the spectrum (POWER).
Eqgs. 23 and 24 calculate the lowest frequency (index # and v respectively) of which the
sum contains 50% and 95% respectively of the total power.

POWER = (22)

50PFREQ = Z G(m) > 0.50y, (23)

m=i
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95PFREQ = ij(m) > 0.954, 24)

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).

)
CFREQ = / /ﬂo (25)
FREQD:JI—”% p (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
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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 PCle 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 LabVIEW® 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 mm? 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

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



28
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® (F igure 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 fWo
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 cah 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

1. Control experiment and syne deviees;
2. Collect data using paraliel threads;

3. Con’t Cale, AF, ML COP and Weight;
4. Display resulis of each 15 to 19s run;

5. In the 3s heiween runs, convert data to
engr uniis, add fime anits, and store;

&, Between vans, convert TekSean dats to
series of Excel spreadsheets, add time
column, and analyze;

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

8. Caleulate next stimulus parameter and
start next trial,

Windows XP, Labview 8.0, Mathab 2006b;
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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 5V 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 additipn, 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 PCle 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 PCle bus, we have our National Instruments® data acquisition card.

The Vicon-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 (d,), 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 a; and f;
angles are the twist and cant angles of offset from the preceding se.gment’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 ay, f», and d; 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=17, nerve conduction
velocity <40 m/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 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

o 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

o 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.

e 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.

o Diabetic mature adults with peripheral neuropathy would have higher fractal
dimensions of sway than those who are neurally intact and healthy mature adults.

o 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 Alc
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 (1-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
1-up-2-down and 1-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 noi-se 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.
BMI = % 27)

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.

41

HMA (n=34) |DNI (n=11) DPN (n=17)
Mean | 95% CI | Mean | 95% CI | Mean | 95% CI
Age (yrs) 574 |+[216]591 [+] 531]609 [+]272
Height (m) 168 |+ [003] 1.69 x| 0.06| 1.74 [ +]0.05
Mass (kg) 832" |+]56 [97.8 [+[17.12]983 [+[9.28
Body Mass Index (kg/m”) [ 29.5 |+ |1.71 |33.7 |[+] 422[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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Table 3.2. Detection Thresholds.

HMA (n=34) |DNI (n=11) | DPN (n=17)

gMean | aMean | gMean | aMean | gMean | aMean

Acceleration mm/s”

1 mm 7847 [ 977 [1582 |1774 |1434 |157.9
4 mm 34.1™ [ 465 594 | 756 | 548 | 704
16 mm 164° |225 320 | 48.0 | 234 | 341

Peak Kinetic Energy | mJ

1 mm 3207 (414 [7.48 858 |694 [7.85
4 mm 1394 1205 [281 3.85 (265 |3.51
16 mm 067M [095 |[151 [244 [113 |1.71

" HMA vs. DPN p<0.01 "HMA vs. DNI p<0.01 * HMA vs. DPN p<0.05

THMA vs. DNI p<0.05 ' HMA vs. DPN p=0.058 Y 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/s® for 1 mm moves and 100 mm/s? 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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to 256, 181, and 128 mm/s* (or 28,273 and 27 mm/sz) 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/s” | 1 @ 100 mm/s” | 0

2 @256 mn/s” | 2 @ 181 mm/s” | 0

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

2 @ 200 mm/s” | 4 @ 100 mny/s” | 2 @ 100 mm/s”

2 @ 200 mmy/s”

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

2 @ 200 mm/s” | 3 @ 100 mnv/s” | 1 @ 100 mmy/s”

2 @ 200 mm/s”

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=11) DPN (n=17)
Mean | 95% CI Mean | 95%CI Mean | 95% CI
Stddev RD 25 |+ 0.6 32 |+ 3.1 31 |+ 1.0
Stddev AP 40" [£]| 07 47 [£] 26 50 [+ 14
Stddev ML 27 |+ 0.9 36 |+ 5.2 35 |+ 1.6
Range-RD 13.1 |+ 3.4 164 || 172 15.5 |+ 57
Range-AP 192" [+]| 35 | 234 [+] 134 246 |+| 7.6
Range-ML 147 |+ 5.6 177 || 255 17.1 |+ 8.2
Mean Dist RD 42" [+] 09 53 |+]| 45 53 [+| 18
Mean Distance-AP 32" [£] 06 38 [+] 21 39 [+ 11
Mean Distance-ML 21 1+ 0.6 28 |+ 3.7 27 |+ 1.3
RMS Distance-RD 49" | £] 11 62 |[+] 55 62 || 20
RMS Distance-AP 40" [+£]| 07 47 [£] 26 50 [+ 14
RMS Distance-ML 27 |+ 0.9 36 |+ 5.2 35 |+ 1.6
Total Excursion-RD 2302 |+ | 640 | 2880 [+ |189.1 2956 |+ 121.1
Total Excursion-AP 17837 |+ | 47.0 [2217 + | 100.4 235.0 £ 977
Total Excursion-ML 111.1 [+ | 403 134.7 + [ 149.9 132.1 +| 604
Mean Velocity-RD 115 | = 3.2 144 | + 9.5 148 | =+ 6.1
Mean Velocity-AP 89" |+ 24 11.1 |+ 5.0 11.7 |+ 4.9
Mean Velocity-ML 56 |+ 2.0 67 |+ 7.5 66 |+ 3.0
Mean Frequency-RD 05 |+ 0.1 0.5 + 0.1 0.5 + 0.1
Mean Frequency-AP 05 [+ 0.1 06 |+ 0.1 05 |+ 0.2
Mean Frequency-ML 05 [+ 0.1 05 |+ 0.2 05 |+ 0.1
95% Conf. Area Circle 269.5 | +]138.0 |571.1 |[+]13709 [395.8 || 259.2
Sway Area 178 |+ 9.5 346 | +| 813 263 | +[ 183
95% Conf, Area Ellipse 2253 | £ | 1174 | 4372 [+ 1036.8 | 339.8 |=+]|240.9
Fractal Dimension Circle 14 |+ 0.0 14 |+ 0.1 14 |+ 0.1
Fractal Dimension Ellipse 14 |+ 0.0 14 [+ 0.0 14 |+ 0.1
Total Power-RD 42400 | £+ | 26235 | 94362 | + | 234490 | 60375 | + | 36617
Total Power-AP 67467+ | + | 26878 | 122807 | + [ 184208 | 121177 | = | 59236
Total Power-ML 50774 | + | 58018 | 183355 | + | 696399 | 60522 | + | 61366
Median Frequency-RD 03 |+ 0.1 04 |+ 0.1 04 |+ 0.2
Median Frequency-AP 02 [+ 0.1 03 |+ 0.1 03 |+ 0.1
Median Frequency-ML 02 |+ 0.1 02 |+ 0.1 02 |+ 0.1
95% peak frequency-RD 1.6 |+ 0.4 1.8 |+ 0.4 1.7 |+ 0.5
95% peak frequency-AP 14 |+ 04 14 |+ 0.4 1.3 [+ 0.3
95% peak frequency-ML 1.2 |+ 03 13 + 04 1.3 + 0.4
Centroid Frequency-RD 10 [+ 0.1 1.1 [+ 0.2 1.1 [+ 0.2
Centroid Frequency-AP 09 |« 0.1 09 |+ 0.2 09 |+ 0.1
Centroid Frequency-ML 09 [+ 0.1 09 | = 0.2 09 [+ 0.2
Frequency Disp-RD 06 |+ 0.04 06 |+ 0.08 06 |+ 0.05
Frequency Disp-AP 06 |+ 0.04 06 |+ 0.07 06 |+ 0.05
Frequency Disp-ML 07 |+ 0.04 07 | =+ 0.08 07 |+ 0.04

* HMA vs. DPN p<0.05, THMA vs. DPN p<0.1, "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 mm>.
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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 34 129.6 |3491|11|29.0 |2632|17|29.3 |28.03

BERG 3415607 |34.00 [ 11555 [23.18|16[55.7 |30.00

RAND Modified SF-36 with depression screener

Physical Function 321840 [3272|11|785 |2686|16|759 |26.72

Physical Health 32| 852* [33.56[11|73.8 [27.09|16|67.6 |24.88

Emotional Health 32 | 84.4 | 3148 |11 784 |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 321673 324211633 [3000]16]566 |25.16
Social Function 32[87.1 332511822 [26.77]16][80.2 |25.72
Pain 32834 (34.77 |11 [ 69.8 [2323 |16 [70.6 |25.13
General Health 32176973647 11585 [2091]16]63.0 |23.31

“HMA vs. DPN p<0.05 " HMA vs. DNI p<0.01 * HMA vs. DPN p=0.06 " 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

E3

Left Great Toe | 34 | 0.45 0.99 111 0.59 0.81 17 | 1.72 3.18

Left 1 MT 341044" (079 [11[0.74% | 211 [17[2.10 | 7.74

Left 4% MT 2010597 096 |8 |[2.15 402 |11]1.64 3.24

Left Heel 2011917 [334 |8 994 [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 °MT |34 | 0517 |0.76 |11]0.70 .16 | 17| 149 | 3.91

Right 4*MT [200.77° |1.15 |8 [1.20 202 [11(275 [11.20

Right Heel 2112307 (308 [8 |633 775 |12 (545 |14.74

HMA vs. DPN p<0.05 " HMA vs. DPN p<0.01 * DNI vs. DPN p=0.07

THMA vs. DNI p<0.05 ' HMA vs. DNI p<0.01 YHMA 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%CI {n | Mean | 95% CI | N | Mean | 95% CI

Conduction Velocity (m/s)

E3

L.Peroneal [34]469 |[+|1.31|11[454" [+]|186][17[405 |+]1.89

E3

L. Tibial 34458 [£[130]11]464" |+|188]17[396 |[=+|192

E3

L. Sural 28 [ 4517 |+£[ 1307 [447" [+£|336]12]393 [+][272

E3

R. Peroneal |34]469 |+|1.28]11]46.17 [+[218]17]403 |[+]2.03

E3

R. Tibial 341456 |+ |1.71 11 (459" |+|241(16]405 |+|237

*®

R. Sural 28 1449 |+|139[7 [46.0" |+ |262(12]389 |+|226

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

M.L.Peron. |34 | 45 |+£[037 11| 45 |£|044 (16| 51 |+]|048

M. L. Tibial |33 ] 43* [£]041|11| 47 |+[121]16] 58 [=]1.09

£

M.R.Peron. 33| 47 [£|034|11] 46 [+£]027]15| 58 |+]0.51

M.R.Tibial {33 | 45 |+|052 (11| 54 |+£|112[15} 55 |+]|1.09

F.L.Peron. [33]50.1% [£|1.78|11[519 [+[3.00|16]569 |=+]|4.22

E3

F.L.Tibial |[33]51.9° [+ |1.86|11|553" [+£]265|16[609 [+]3.14

¥

F.R.Peron. |33 498 |+{262|11[51.0" |+]3.10|15]57.2 |=|4.03

E3

F.R. Tibial |31 [53.1° |+|1.56|11 (535" |+|3.87|15[608 |=|4.10

" HMA vs. DPN p<0.01 T DNI vs. DPN p<0.01 F HMA vs. DPN p<0.05
VDNI 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 Alc 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-Alternate 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 1-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 tl;at 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]
Air-conduction hearing exams were conducted at 1, 2, 4, and 8 kHz and measured
in decibels of hearing loss (ABHL). 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 Neuropathy
versus
Neurally Intact Individuals

16 mm

Log Acceleration (Iog(mmlsz)
o - N w E-8 ()] (o] ~ o]

DMA

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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Figure 4.3. Hearing loss PN vs. NI vs. HMA.

4.5.2.2 Sex Related Differences

significantly more hearing loss than other groups at 4 and 8 kHz

Male DMA have
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sus male HMA (Figure 4.4). No difference is se

at 4 kHz ver

except on the left ear

between women DMA and HMA, but this lack may be attributed to their low sample
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Sex-Related Hearing Loss
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| R Ear 8 kHz
L Ear 4 kHz
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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

e 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.

e 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, 4, and frequency, o (rad/s) and f(Hz) of the

sinusoidal platform movement (Eq. 28).
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a=Aw* = A(2af) (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 1-up/2-down or 1-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 2AFC method. In addition, there is an
increment after every trial, except correct rejections. Since the system must always
change, a simple 1-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 1-up-2-down method could not be used, we used a semi-1-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 um (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%
15 230% |028% [3.16% |0.52%
20 240% |0.53% |337% |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-3 29)
threshold

probability =
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
3 6.96 0.11 13.56 1.14
10 17.96 276 3520 |12.03
15 26.64 9.51 47.05 |26.02
20 3496 | 1799 |58.47 |38.67
25 42,15 |[27.00 |67.36 |49.61
30 48.01 |35.59 |7445 |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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Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



66
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

7 B

6 3

5 - & Hit
= B Miss
g, X | A False Alarm
- X Correct Rejection

3 —— Amplitude

2 4

1 4

0 1

0 5 10 15 20 25 30
mm

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/s” 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

E 0 /\/\/\/\A — Position |

0 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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Peak Frequency of Platform for 0.5 Hz Oscillation
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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.
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Subject Information Natural Frequencies
SUBJECT ID AGE RACE GENDER | Nat Freq 1 | Nat Freq 2
F24YO001STF 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
M29YO008STF 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 2AFC

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).

’f Observed ~ f predicted

<0.05 (30)

f predicted

Where fopserved is the peak frequency of the entrainment test, and fyregicted i 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 0.5Hz | 0.75Hz | Nat Freq 1 | 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

M20YO006STF 0.50354 | 0.74768 0.79346 0.53406*

M20YO007STF 0.50354 | 0.74768 0.97656 0.91553

M29YOQ08STF 0.50354 | 0.74768 0.88501 0.39673

M27Y009STF 0.50354 | 0.74768 0.33569 0.97656

M24YO011STF 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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Measurement 0.5Hz 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 | 025 | 0.00 [ 0.13 | 0.13 0.00 | 0.00
Head Accel Y | 0.13 | 0.00 | 025 | 0.13 [ 0.50 | 0.00 | 0.00 | 0.25
Head AccelZ | 0.00 | 0.25 025 | 0.13 | 025 | 0.13 0.00 | 0.13
EMGs
RTA 0.13 000 | 0.13 | 025 | 000 | 0.13 | 0.00 | 0.13
LTA 0.00 { 0.13 | 0.00 | 0.00 | 0.00 | 0.25 0.13 | 0.00
RGS 025 | 013 | 025 | 000 | 038 | 0.00 | 0.25 | 0.00
LGS 025 | 0.13 025 | 0.00 [ 025 | 0.13 0.13 | 0.00
RSCM 0.00 | 0.00 | 025 | 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 | 017 | 0.00 | 033 | 0.17 | 0.17 | 0.00
Lsoleus 0.33 0.00 | 0.17 | 0.17 | 033 | 0.17 | 033 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 ([Vy], (Eq. 31)) is defined by the joint number to be rotated, #;
therefore, all limbs distal to it (limbs [#+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 10%, 11%, and 12 columns
are the local x, y, and z-unit vectors of the local coordinate system relative to global
Cartesian coordinate system. The 13™ column contains the position of the distal revolute

joint of each respective limb, (jp).

X Ko Xapg e Xaps
Vg Nz o Yap o Yan (31)
2y Ziy e Zyay e Zap

1 1 1 1 1 1

A translation matrix ([Ty, (], (Eq. 32)) is defined by » (same as above) and r, such
that the offset as “from proximal” (fp) or “to distal” (¢d) is defined in reference to the

joint in relation to the limb.

1 0 0 Ax ,

01 0 Ay

00 1 Az (32)
0 0 0 1

Rotation matrices ([Ry, 4,1]) are defined by #, 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 (o) is defined by the rotation about the x-axis. Yaw (f) provides the

rotation about the y-axis. Pitch (#) describes the rotation about the z-axis.

o cosfo) —sin(a) 0
0 cos(a} —sin 0
0 sin (OL) cos (a) 0 (33)
0 0 0 1
cos (B) 0 sin (B) 0
0 1 0 0
—sin(8) 0 cos(8) 0 (34)
0 0 0 1]
cos («9) —sin (0) 0 0
sin (0) cos (0) 0 0
0 0 1 0 (35
0 0 0 1

A joint rotation matrix [[Rev] (Eq. 36)] defines the amount of rotation about the
arbitrary axis of the revolute joint. The a and f 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.

W) o
A9 4 :
o(g)s(6

(36)

\_/
wn

L

g

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 xg, yp, and zg, offset from the geometric center of the proximal limb.
These define its position in space in relation to proximal limb. Next, the ay, (x-axis), s
(y-axis), and 6y, (z-axis) are defined as the offset orientations from the local axis of the
proximal limb. Then a similar set of offset orientations (a4, f4, and &) 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, x4, y;4, and z,;. 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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- Posion1  Position2

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. [Vi]=[Trp] Rixpl [Riypl [Rizp] [Riz] Ryl [Riga] [Tra] [Vi]

2. [V2] = [T2p] [Roxp] [Rayp] [Rozp] [R2zu] [Rayu] [Roxed] [T2a] [V2]

5.

6. [Va] = [Tos] [Raxso] [Rops] [Rozp] [Roztal [Rogta] [Rogia] [Taga] [Va]-
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-1) 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:

Lo [Vl =[Tupl" [Va]

2. [Val=[Ruypl” Rixp] ™ [Vil

a. If the joint is the joint of rotation, jump to step nine.

30 VAl =Ryl ™ [Ripial " [Rizad ' [Rizp] '[Val

4 [Val=[Rapsl " Raxp] ™ [Vi]

a. If the joint is the joint of rotation, jump to step nine.

5. [Val=[Roxid] " [Rapad " Rozia) " [Rozp] "[Vi]

6.

7.

8.

9. [Val =[Raxpp] [Ruyp] [Rev] [Va].

After joint is rotated, the system is returned to its proper global coordinates as
follows:
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1. [Vn] = [Rn,xﬁJ] [Rn,yﬁ] [Rn,z,]?] [Rn,z,td] [Rn,y,td] [Rn,x,td] [Vn]

5. [Va] = [Roxp] [Royp] [Rozp] [Rozm] [R2y,a] [Rzxa] [Val
6. [Val = [Rixp] [Riypl [Rizp] [Riz@] [Riya] [Rixa] [Va]
7. [Vn] = [Tn, jp] [Vn]

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).

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



83

(37
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Roll (o) is calculated by projecting the local y-axis unit vector (x_uy, y uy,z uy)
onto the yz-plane (Eq. 38) and calculating the angle of rotation (a) between ’ and the

global y-axis (Eq. 39).
u'=[0,y_uy,z_uy] (38)

cos™ (#"[0,1,0]) N
] |z

o=—

(39

The arc cosine function only returns values between zero and = 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 ’
with the global y-axis. Therefore, the calculated a is inverted. The remaining
calculations of pitch () and yaw (f) 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 #” already lies within the xy-plane but was calculated with the absolute
value of #’ (Eq. 40), the pitch (¢) must be calculated from the angle of rotation between

u” and the global y-axis (Eq. 41).

u"= [x_ uy, O,Iu '” (40)

cos™' (u"[0,1,0]) e

8=
1 e

(41)
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Yaw () 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 (x_ux)

and the global x-axis is calculated as the yaw of the limb (Eq. 43).

u"= [x _ux,0,z_ ux] (42)

_cos™' (u"™[1,0,0]) DEAL

B= (43)

|u '"| |Z _ ux|
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.
[Va]= (TR IR [Rs |[7.] (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:

L [RMi]=[Rixgp] [Rigpl [Rize] [Riza] [Ripa] [Rix]

2. [RM:] = [Rax6] [R2,] [Roz80] [Rozta] [Ropta] [Rotal
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4.

5.
6. [RMa] = [Ratp] [Ray,so] [Razpl [Razia] [Roga) [Roxdl
Pitch (Eq. 45) is calculated first, since Eq. 36 has one unknown. Because the arc-
sine function’s range is [-n/2, n/2], roll is rotated first; this rotation guarantees that the
pitch will always be less than #/2 via the order to calculate Euler’s yaw, pitch, and role.
6 =sin"" (RM(1,2)) (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 Egs. 43 and 47.

1

_ | RM(2,2)) 2wy

Sl 0y *

B=cos |2 (LN z_ux @7)
cos(0) |||z _ux|

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
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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  ag B O O B O
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 30°

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).

88

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

Measurements were also performed on snow crab legs (Chionoecetes opilio) to

7.4 Nonorthogonal Verification

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.

Figure 7.4. Position one of crab leg three.
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Table 7.3. Rotations and offsets of crab limb joints.

90

Crab1  Joint O B Og ad i O
Pos 2 1 -5° 90° 90° 5° -90° 0°
2 -35° 90° 0° 35° -90° 0°
3 -5° 90° -90° 5° -90° 0°
Crab3  Joint g B Os i Pu O
Pos 1 1 -5° 90° 90° 5° -90° 0°
2 -40° 90° 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 04
7.5 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 Ofp B 0% o B O
talocrural -20° -16° 0° 20° 16° 0°
subtalar -41° -67° 0° 41° 67° 0°
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100

X

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.1-Q.11) 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.[S1, 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
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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 10.0g, 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 L oss 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 mSTIAM 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] Corna 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 Ankle Model

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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W Department of g VA RESEARCH CONSENT FORM
Veterans Affairs PROTOCOL # HO0-022

Subject Name: Date:

Title of Stndy: Threshold Detection of Postural Control in Piabetic Neuropathy and Aging

Principal Investigator:C, 1. Robinson, DSe, PEL A M, Hollister. MD  VAMC: Shreveport

N
We are asking vou to volunteer to take part in a research study at the Shreveport Veterans
Affairs Medical Center (VAMC) and Loujsiana State University Medical Centey (L.SUMC).
It is important that vou read and uuderstand the information on this form.

DEFINITION OF CONSENT FORM

This Consent Porm gives detailed information about the research study which you will be able
to discuss with your doctors Tt is not wmeant fo frighten or alarmyou; it is an effort to make you
better informued in order for you to make a decision as to whether or not you wish to
participate. This process is knows as “informed consent,”

PURPOSE OF STUDY AND SELECTION OF SUBJECTS
Slips and falls, and even the fear of falling, can represent.a major medical and functional bartier to living
independently. A fall is normally provented by the detection of abnormal motion and by strategies used to
correct or compensate for imbalances. Therefore, {0 react to a potential slip or fall, one nwst be able to
detect motion changes that may lead to slips or falls.

You are invited to partisipate ina research study related to standing balance and postural control,
Researchers at the Overton Brooks YVAMC and Louisiana State University Medical Center hope to learn
how much the senses of the lmbs (touch sense, joint angle sense, muscle tension sense) contribute to
stability. Such knowledge may well lead to better evalaation and training mcthods in order to prevent
slips and falls, You were selected as a possible participant in this study bécause 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 alder to participate in this study. Before proceeding further, we nsed
your permission to ask you it you have had certain iinesses or neurelogical 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 guiestions about your medical history, and verify them from the information in your
. medical chart fif available within the VA)Y?

Yes or No: Initials:

SUBIECT S DENTHICATION (LD, pisle of givename - lagt, first, middie)

Subject’s Initials:

VA FORM
arvne T TNAGL
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W Department of VA RESEARCH CONSENT FORM
Veterans Affairs PROTOCOL # HOD-022 (Continuation Page 2)

Subject Name: Date:

Title of Stady: Threshold Detection of Postural Control in Diabetic Neuropathy and Aging

Principal Tnvestigator:C. J. Robinson, DSe. PE: A M Hollister, MD  VAMC: Shreveport

UESTIONS
Persons with severe cardiag or cardivpulmeonary Involvement, chronic Jower back spasms or pain, central
neuralogical deficits, history of non-healing skin uleers or peripheral vascular ocelusive disease, current
drug or aleohol dependence, or orthepaedic deformitics (such as kyphosis, arthritic changes or amputa-
tion) must be exciuded from this study. Those with a history.of repeated fails, previous joint injury, ora
bone or articilar cartilage disease must also be excluded. {Any information obtained during this study and
identified with vou as 1 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 No: Initials:

If you answered “Yes,” thavk you for vour time and effort in volunteering to participate, but we carmot
use you in this particular study. Please fill out the personal information on the last page before you go.
If you answered “No,” then vou are a likely candidate for our study, which we will now explain to you.

if you are an elder adult or a person with changes in the nerves in vour lmbs, you may have had a change
inhow you sense changes in the standing environment. I you are in good health, have no physical or
neurological problems, vou will serve in a group that we call “control.” We will compare these two groups
1o better understand how the nervous systerm assists I maintaining postural stability and dynamic
balance,

If you decide to participate in this research study you will be agked to answer a brief medical history
questionnaire. This may be done over the phone or inthe Jaboratory. All subjects will be evaluated for
sensory and motor Funetion, lower litb strength and joint range-ofsmotion, and any possible lower limb
asymmetries.

The main test will have you standing with hare feet on a platform that will be stationary for approximate-
ty 30 seconds then moving forward during randomized time intervals. You will be informed when a possi-
ble move may occtr and you will be asked to statewhether the deévice is moving, In these tests the plat-
form will move your whole hody. You will be wearing a blindfold that will restrict your vision and head-
phone to reduce ouiside noise, so that you may only receive motion inputs from your sensory system or
balance system, For all tests you will be wearing surface muscle activity sensors on your legs. If you go
through all tests, we estimate that thetr completion will take less than four hours. We may stop testing if
you become dizzy, or nauscous. You can stop the test at any time that you wish, without reprisal.

Subject’s Initials -

VA FORM
sanem 10-108A
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W Department of VA RESEARCH CONSENT FORM
Veterans Affairs PROFTOCOL # HE0-022 (Continuation Page 3}
Subject Name: Date;
Title of Study: b and A

VAMC: Shegvepiont

Privicipal InvestigatoriC. 1 Bobinson D8c, BE. A b Hollisier. b

A]E muﬁm?ﬁ. a:nf [’lasrz p]%[fﬂma will be near your satural sway change of position. Beeguse of (his, you may
Aot abwavs be able to feed the device move. Abso beaisse the movenents will be so slght, Gere b5 very
$ittle chance of your Gelling. During the tieses when the plotfors i tevisg and while vewr eves ave closed
o Hindloided, and vou are wearing the headpbiones to boek out extomal feises, vou may feel a shigh
Toss o balesce, dizziness o raused. You will be sported by on investigator stinding bebind you who will
cornest vouer posstion before o potential fall event can b

For abl wests, alf joint enaticns will be sl and faigly show. However teie i & possibility that your ankbe
or knee joints eculd be injured in these ests, especially i the joints are alresdy wenkeal For this reason
3 vol Bewve o previous joind npury of have been diagnosed wills  bone or avieuler curiilage diseas, we
ak vou tell s now and ol participate io Uds study.

Bisee we se properly isobated elecisieal soplificns, there deald be oo visk of shoek Gom our imsasure-
snend of sanscle activiey. The msscbe sctivity sensors will be beld 1 vour skin with a smafl plece of double
sidded tupe. The gef that helps conduet your mauscle activity the sensors may have a salt bage. You may
epevisios sors edaees Fom the e o condisetion gel. Thas is commmwan and e sedness ghagld dmp-
gk withiiss a1 Pevw b,

Voo vy 10l personadly be helped by tnking paet in this stady, Tt veu pareipation may kad W kaow-
Secdge that will bedp others. We will soview vour s pesnibts with you befoes vou leave, and sigaificant
weerall Tisdings developed s o vesuli of tis stdy will be provided to vou af the conclusion of the sudy.

Tnluseanuzbon s sesewrc results will be wed to Rerther the feld of postove asd balenee costes] and Lo
Betsedie the evaliuation sed thesapy processes rebated to pogeine and balesee. Thesefore (e sesvarch resultx
with posaibly be used for seholasly pagers, presenintions, and futiere grast aggpdications,

Auey infornation ebiined daring this study and identified with von ax 4 sisbjeet will remain condidential
wiwd will be disclosed only witl your permdssion If results of s study see reporied fo medical jousals o
st mwetings, vou will et be ideitificed by eaene, by recognizable shotogrepls, or by any other means
withotit your specific consens. Your medical reconds will be matntained secording o i sedicu] cender’s
vequitesnents. By sipnieg this formn voulare giving permdssion s 1o make records available 10 the
Shreveport VAR and LEU Medical Center™s Institutionst Boaed for Hunnn Research by which
information will be released, all of Wi st mebntsin confidentiabite.

Subdect™s Initals

P

W AORM
1dh Edaka
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WA Department of
Yeterans Affurs
Subject Name: Date:
Title of Study:

Participation in this progect will not effect vour ssaal clinea) treatment bere ot the VA You ase awarn:
fhat you are under ao obligation o pasticipae i s stady and vew ey witdedeww at sy tose withou
prefidioe to your medieal cae or loss of beneliis o w hich youa are eatithed. Sheald vou dwmose nof o
participaie, vou wikl slill seveive the waal nvedical care and Ureatmnl to which vou aee entided. You may
withelrany participation Troos the project & aov time wilkaout prejedice

VA RESEARCH CONSENT FORM
PROTOCOL # HO0-D22 (Contimtion Page 4}

|

SPECIAL INFORMATION
Yo will be puad 32300 Yo cheeb: For esch session in which you partieipate. & session smay fast wp to 4
Biorates. Pavaveat will be feoiegh the Ohenon Brooks VAR in Shwevepart, LA

% oan age Tl vesgivand do ke part b thes stedy — voor perticipation iz entisely velaatay.

Yo cars pefuse b participate tow o you e withdesw Bromm the shady ag any toee afier giving voag

el

3. Your decsiess whetler or ned o participete in iz stk will st ivalve aoy peralty or boss of rights
noe will i projudioe vour fibwre relation with the VAMOC or LEUMEC

4. There witl be no costs 1o oyvou for amy of e treatisent or testing done as part of this research stdy

A lwcase of adverss (hadjelfects or phivsioul injury resublang Trom this stisdy, eligible vetarns o
entithed te tnedseal care snad treatment. Compessation may or may s be payable i the event of
physiesl injury wrising o this stiady weder applicable fedsiul law. Fuinber inforsaton shout
coasgensation wd tnedial testment muy be obitaingd fons the medice] admisisteation seeviee af this.

B WA medical conter. Mon-eligible veterang sre entitlad oady to medical snergency care atd st
o 0 bannilarian bagts,

T T s husvwr epeiesstions abwowl your rights as a research partboipass, yool sy coadact the Chatroms of the
Insstitutionsl Review Board at {3 FRI675-3409 or the Chief of Stal¥, Overton Brooks VA Medical
Cegter @l (31854240089

8. Iyouare a patient of the WAML, a eopy of this consent foem will be placed i vour medseal record,

ba =

e

Sulvents Initinls

KER e o

sansn HI=E0OBG
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WA RESEARUH CONSENT FORM
PROTTCOL # HOO-022 (Continuation Page 53

Subject Name: Date;
Title of Study:

RESEARCH SUBJECTS' RIGHTS: [ have road or have bl read to e afl of the above.

T Chearles Rodgson o bis agsecinte hig explianed the stmdy to e and answvered all of my questions. §
hiswve beesn ol of Bw risks o discomforts sl possible beaefity of the study. 1 bave boet told of other
choices of treatment svailble o me.

Funderstaand that T do vt hove B take part by this steady, sand sy vefusal to partielpale will inveive
riiv prerebiy o Dosk of rhghis to which Fam entited. 1 nay withdraw From this stuilly at any Hine
witheet penalty or loss of VA or ather henefits bo which I am entithed.

Ty g there are medies] probdesms or guestions, 1 larve been w0dd | ean call D, Chardes Rebinson al
(LB - 24-6080 or Dy, Aune Hollister (R75-6181 duving the day and D Robinson st $318)-313-9122
alter hours. If any medical problems oeewr in conpection with des study the VA will provide enpegensy

T andersiand say rights as o sescarch subjeet, and [ voluntarily consent 1o pasticipate in iy sudy. 1
upderstaod whit fhe study is shout and how and wh i 5 being dobe.

1wkl seveive o signed copy of §ils consent Foro,

“F have been given the spywalunity 1© asl questions and bave e axplased 1o o™

Subject's Sigratire Duate

Stgnature of Wiltess Wity {peing )

Sgnatire of Eivestigaior

bstitutienal Beaview Board Appoovad St Dide 22702 « End Date G:26:00%

Subgoct’s leitials
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ENFORMED CONSENT FORM
PROJIBOTTITLE.  Phese-Losked Postural Perturbation Py chophysical BModels

PRINCIPAL BEVESTIOATOR: Dy Charles Bobinson IRR Approval: §

Uhjectives,

We are asking you to vohintess to ke part in 2 research study at Clharkson University related to standing balarice
and poshural control. Researchers at Clurkson Undversity hope 1 Joarn how much the senses of the limbs douch
sexise, jolntangle sense, and muscle tension sensey contribue to the sabilay of your posture. With such knowledge,
sw peight later reduce the wistoof Salling or slipping.

Methods.

Vou sre oo possilyle participan in this study bacguse yoly serses are reasonably intact and youware nit 2ftcted
withy, severe cardiee or cardiopaimonary involvement, checiie lower back spasms or puin, contral newrologicat
defisits, Wistoryor prosence of foot uloas or peripheral vaseular vbchusve disease, current drig or slechol
dependence, or ortheprdipdleformiios, injury or disease (such as kyphosis, stiheitic changes, hroken or replaced
joinits, or mmpuiation). Having sdult-onser diabetes does not bar vour participation.

Thisvesearch s contered uponsublly priding vour natural sway pattern snd debermining whens v your sway
e thit you can best sevse n mild shift tn vour balance. When you balse, vou use your senses of fool pressure
anior of muscle offirt fas slppaled by vourleg nervesl your vision; or the balance senss organ in the iead {eathed
the vestibalar system), or any eombimation, Tl inportamt toour study to be able to separane out these offedts, s we
doy e tests outlimed Bidow.

Wewill give you some instial sereening 1ests 1o determing whether you meet the siady eriteria for proceeding
further, We will st howwell yiu can pay sltention to ditail, since our movemaent tests ane subtle. We will also
messare via s sandard writentest what your Seelings are sbout the guality of your health statos. We will sskivou
vertaln questions ahout your health, and past and present illnesses and infuries. Based on your responses, we may
nzed o not continue with you beyvond thal point; us we bave fountd cortaln Gotors tutexclude from the study

Wewill measure how well and how Tast vou sense small tonches to the bottom of your footor toes: how well-and
o Tagt vou sense tones of varows pitches; and how far vour bg tnes, ankles, knees and hips move {eajled vour
vangeodmotion) and the srength and stffess of the muscles of these joints, We will messure vour height, weight
ard the length of varicus pars of vour body. We will specifiently ask you for parmsission to mensure your hip oir-
cwalsrence and your waistoreumicrence, and you may réfuse for us W do thet without suffering any reprisels. We
will dotwo standard balonce tests Yo sea vwewell youbaluyee on both legs, on one leg, with one foet behind the
atherwith your eves-open, and'with your eyes closed: and other balance measures, ke yourability tostand e s
silting position. You will do these tests standing on # tile floor or rising from a chair. All of these rests will take
aboul 40 minutes, and may be gven indetween other tests.

Al bumans sway. 1 s navaesl, weery sicond, oveursense. What we deis to add o small forward shiding move-
wwent {a fraction of wy ineh . 15 inches) o the jilate onwhivh you are standing. An initial test will havi you #land.
ing with bare fect-on o platform that will bestatianary for about 20 seconds before it s moved. Youwil] be told
when's passible move py oocur and von will he asked 10 decide and signal at what time the device was moving

Weniay gently rock the platformy forward and backwand lo see how it influences your sway, and a2 what Jevel
vou can detest suck shiding.

In these tests the-platform willmove vour whele body, You will be wearing o blindfold that will restrict vour
yisionand headphories to raduce tutside nolse, so that youmay enly ntceive motion inputs Trom your touch sensory
syster or balanee system. Youwall be wearing sdhesive surfuce musele activity sensors on vour lags. Youwill be
tested on o special may thatsis on top-of the platform, This mat messures the pressure under each part of your fout

Aspart of our lesting, we want i find out hovw the various parts of the body reast to e platform movement, To
chothis, wo may attach small rellechive marker-dots toselected places on vour skin fgencrally bevween 10 and 20
spots). Typioa] lovations fi placing these markers are vn your ankles, shin, knee, hip shoulder, sod head, among
athers. W then determing the location-of the markers nsing special comerss. Cnly the loeation of the markers s
sollecied. You vansorbe wlentifled, In soine gases, we will ask a participant to allow us to videstape the testing, and
will askthese indfeidupls & sign an additons] “Permission o Videotape™ document. You have the right tovequest
that we donotuse the mearkers-or videotape you. I no way will such arefusal impact the rest of the testing.
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o mvst oasey, vinles a test participant wil] be pleced inahurness. Tt purpose S nob 1o support vou, bubonly Lo
citehryou in the onlikehy sventthat voustart to Tald To fact the harness is destgried so a5 10 W provide you with any
s s bo what the platform 15 dolng. Withsome of wou, we will see o s is wrue by eomparmg your responses fo
o tests with and without the harness

What jo rxpect,

Your fieg visit will involes mithal soreening and cliniesl wessures reluted to postursl stability, A questioninaire
will sssess knoven problems of netrelogieal, orthopoedic and neuromuseudir ongin. You will be evaluated for
sengory sl srotor funetion, lower Bmb strengthommd o far your joints rotate. Bolance tests will be performed,
mtuding, but are not limated o, thit heel-to-toe test aml ond-fout-balaneing. Thess tests will ba performed by an
experiened techmicionor the Principal Tnvestigator,

Youwill be asked 1o stand wiill upon 2 platfore: within 2 stesl suparsirocture, blindfolded, bacsfooted and wear-
g headphones et omit s masking white noise forup to 15 minuies o o Gee, Hvou choose toallow v visg
supsnate document Yo videotape you markers will be pleced with adhesive 1o several important joints on vour Hmbs
and torso to capture vourmovement. O the video, your image will ot be recogrizable because the headphores
s bhusdbold vowwear will obseure your identity.

Blectrodes will be placed on your shing and saless o detect vour muscle bpulses 5 vou sway upos the
platfory. These elestrdesare olatedand do nobpose gay risk ol shuek, They will bealfied tovourshinwith
deuble-sided adbesive tape,

Before the trials begin, the phitform will valibrate psell o vour prrtisular starding sway pattern and will, when
testing begins, gently rodk you buek and Surth. This motion will be imperceptible to you, butif you become dizey ot
vy e, plesse Jetug know: snd we willstop the wials immediately, Prompts, given vis sodio instructons theough
the bendphones will puide vou theoughoa sevdes ol triwds doving which vou will be asked 1 determine whether or not
yourdetested s movement in the platforny. T bevween traals vou will be supphied with # heated blanket for your feot
and a-char 1o reston,. Wewilhwait unti] vou are rested and resdy 1o continue befire we procesd.

Your initial sereening and initial testing on the plitfonm will take up 10 4 hours. You may be asked Ry participate
e or 1w more d-hotr test soasims.

There will b nt:cost tevow forany of e testing doneas part of this research stady. You van end the esearch
session pany e i you el uncomTortable Tor sy reason.

Rigks.

i you gothrough allof these platform Lests, we estimate B the completion of this part will take less thanfour
howrs. We may stop testing if vou bevome dizzy of nauseous. You can stop the 1est &t any time that you wish, .

Allmotions of the platform will be near your natwal sway change of position: Because of this, you may 650t
always be able 1o feelthe device move, Also bacause the movemants will be so slight, there is very lideshure of
your Tolbng,

During the times when the platform is moving and while vour eyes are elosed or blindfolded, and you are
wegring the headphones 10 block cut exterd noises, youmay feela slight loss of balance, dizziness or nauses. Let
us kpow mmmediately i that 15 the case.

Inmost eases, youwill bednaharness during testing o provent vou from falling, I vowars ot hamessed during
atest; a menber of the laboratory stafPwill be standing behind or haside vou at all times wher you ars blindfolded.
He-or she s Jocated there to comeet your position hefive o potential full event can cosur.

Additionally, Tor thix researehy, partisipants will be moved woand froby the platforn in an effort gkl ey
nataral sway patiems.  The movenuent will be designed with a goal Tor them not 1o be able to sense this miovement,
and therefore. the-effect onmest participants will be stight. However, such rocking may produce a higher risk of you
expertencing dzzimes. Apain, let weknow 1 thaborous fo you

The risks o you from our special comeras an very small o the markers ae Hluminated with light that i bevond
the capucity of the eveto see (called infrared light).

Since we use properly tsolated electricalamphifiers, there showld be no rish of shock from owr measarement of
msele autivity, Both the nscle-activity sensors and the video markers will be held to your shin with small pleces
of dovble-sided tape. Yowmey experience some tedness from the tape. This is common and the redness should
disappear withins fow howrs.

] s
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Taking part in this stady may not personally help you, but your participation may lead w knowledge that will
help others. We will review your own resulis with you befire you leave, and significant overall findings developed
as a resultof this study will beprovided to you at the conclusion of the shudy.

Obligations.

Participation i3 voluntary. Relusal to participate or deciding o discontinue participation at any time will involve
110 penalty of Joss of benefits to which you are otherwiss emitled.

Confidentiality.

Iriformation and rescarch results will be used 1o further the field of posture and balance controd and 1o benefit $ae
evaluation and therapy processes related to posture and balance. Therefore the resvarch results will possibly be tsed
for scholarly papers, presentations, and future grant applications. Any information obfained during this study and
identified with you as a subject will remain confidential and cannot be disclosed without your written parmvission. If
results of this stady are reported in medical journals or ot mrestings, you will not be identified by name, by recopniz-
able photograph, o by sny other means without your specifiec consent. Tn all testing, you will be ientifiedonly by a
special wnigue identifving code and not vour name. The form linking vour name to that code 1s kept in s locked file
cabinet. By signing this form you ara giving permission for us to make your name, 1 code, and test resalts available
1o Clarkson University"s Institutional Review Board for Human Ressarch, if they wish such mformation, sgain
wnider conditions of confidentiatity.

Subjects’ Rights,

If you have any questions concerning your rights as subject or if you wish to report any injuries or
mistreatment, please contact Dr. Leslie Russek, Chair of the Human Subjects Institutional Review Board, Clarkson
University, 204 Clarkson Hall, Box 5880, Potsdam, NY 13599 (3153 268-3880, bywsseleBelurkaon ede.

Informed Consent.

Please sign here to indicate you received and understood  verbal and written explanation of the procedures and
objectives of this sudy, and had all guestions answered W your satisfaction, | cenify thet Tam 18 years of age of

older,
Signed Trate
Signed Dt
Witness
Signed Date

Principal Investigator or approved delegate
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Protocols for *Sinwsoldal Entrainment study of Posturst Condral®

Initial Contact Questionnaire
Front Page

Nagme: Date of Contact fmmiddivwy
How did subjoct learn of study? Paper Announcement  Imternot  Wed of Mouth
Subjectinformedof  AgeCriteriar Exclugion Criteria:
Seope of Beseareh: Reason / Benefit of Resoarel:
Time Required: Finarcial Compensation:
Is subject inforested n participating i stody? Yes 25}
Has Sabject beon found ta be Vestibularly Nosnal? Yes No Unknown
Is subject-able 1o getto e Chakson Jab? Yis Na
Subject Contactvia:  Phane & B-Mail;
Address:
Subject Avatlability/ Scheduled Testing Rate fmm/ddiyyy Time(hlzmm)
fawiddivyy Timelbhowa}
How has subject been given divections to Jab? - Phone Internet Mail  Pesonally
Subject’s Date of Birth (mw/yyey Bubject's Gender: Male Female

Subject’s Rave: Cavsasian Black Hispanic Native Americon  Middle Hastern Indiam  Asian

Cither:
Subject Code:
Gender Age Age  Uontact ¥ ¥ 4 ICr 12 03

The above iformation, and provided medical history is true fo the best of my knowledge.

Investigator signature: Datetmmiddyyy

Investipator Inftialy:

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



Protaeols Tor *Sinusoidal Entraimoent study of Postural Controf®

Initial Screen Questionnaire
Medical History

Date:

Subject Codp:

Gender Age Age  Conlact %

Subjct welght ss measured by the weighing sealer

Dioigs the subjoct haveany history of (Check i Yes):

Cardiac Problems: Tachy/Bradycardia:

Hemt? Lung Digease:

Other:

Cardiae Arthylhmdas:

Shortness of Breath:

Newrologie Problems:  Stroke/TTA

Porviphoral Neove wjury:

Advanced Disbites:

Meariog Loss / BEar Infections:

Momory/Concentration Deficits:

Muscle Tone Abnormalities:

{Hher:

Head Tnjuwy:
Spinal Tajury:
Vigton Less:
Loss of Balance;
Sensory Loss:

Coordingtion Defieifs:

Orthopagdic Problems:  Asthritis / Joint Disease:

Ostegporosis:

Lower Back Pain/Spasmaz:. Spinal Steriosisr
Fraciures: ~ Bpecity:
Other:

Alsohol Use 7 week: Nome <3 Brinks 314 Dsinks =14 Drinks

Record Calfinated Ttems within last 12 hours:

Medication / Drag Use: Pain Medication;

Psychoaetive Other:

Anbi-Depressants:

&3

Investigator Indtils:
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Protocolé fnr“Shavsoidal Entrainment study of Postiral Control™

Initial Sensory-Motor Screen
Diate

Sublect Code:

Gonder Aze Ape Contest  # # # 03 SRR (0% SN { 4
Reflex Testing (+ = novmal, - = shoorwal, 0= abseni):

Patellar Rellex: Right: Lefle

Achills” Reflex: Right: ] Lol
Vision Testing ¢+ = normd, - = abnovaral, O absent):

Read Nowspriat Read  pointfont @@ 20 feety

Uses Eveglasses ¥ Contacts:

Visusl Ficlds:  Right: Taft L Downc

Sharpened Rombery Test Findings ¢+ = normal, - = abnormal, = absent);
Balanes: Recovery from Loss of Balagpeer

Tine fo Loss of Balance {sceondsy:

Precession Test: {Subject hops on onc oot should remain facing forward)

Right Foot:

Left Fool:

Tactite/ Somato-Bensory Tests with Sioelting Monofilaments 1o Foot Sole (mm diameter):

Right: Laft:
Base MetaTarsal 4; » Base MetaTarsal 4 .
Rase Big Toe: . . Base Big Tos: . .

Base MetaTmsal 1
{Big Toe)
Base Heek:
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Protoeols for *Sinusoisal Entraimment study of Postural Contral”

Initial Therapeutic Screen

Bubject Coda

Gunder Age A

Postare sod Balance (o= normal, - = abnormal, 0= absenty;

St Seand:

Jotat S$tiffoess / Tone (+5 novinal, - = abrorm

Shoulder: Elbow:

Limb/ Body Segment Length-(mun);
Lengthof Fool:

Floorto Lateral Mudlasdu

Floor to Lateral Epicondyle of the Famur:
Floor o Greater Trochanber:

Floorw Latersl Aspect of Bunera] Hewld

Floorto Tepof Head {Total Hetght):

Lat. Aspect Humerat Head o Tiat, Epicondvle
o the Humerus:

Lat. Aspeet Humeral Head 1o Tip Digat 11

Confact  # ¥ & Kl 2 W3
Standing ovis Closeds Ambulations
al, O ghsent);
Hip: Knee: Ankle
Right: Left
Right: B Fefe:,
Wight: beft:
Raught: o Left:
Raght, Refe
Dol Aspect:
Raghye Left .
Raght: Left:
Investigator Initgls:
4
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Protecols for “Sinoseidal Entrainment study of Postural Contenf®

Time Sheet for Testing
Daer

Subject Code:

Guender Age. Ags Contact  # # # L B | 5 R (0]

Subjeet arriend

End introduction of subjest 40 platform and peopder
St Informed eonsentt

Hd Informed consent: | -
Srart Medival guestionmaire (Page 2 phas Romberg and hop test):
B Medical guestionmaine:

Ssart hooking up eleoteades: .

Hyvdhking up WO s
Stery BRIG OUP salibrate Toiline:
Fed S COP cabibrate moulime:

St M Sinsscddal practics

fnd  Hz Sirmsodsd pragticer
Start Hz Sousoidal reeorded:

Brad  He Ssoidalreoonded:

Stort Mz Suwsoudsl rvecorded)

End ‘Hz Sinusoiial reeorded

Startsensory wnd other evalugtion {page 3¥ —
T sensoryand atherevalustion:
Start | Mz Swwsordalrecorded:
End __ He Simweoidadescorded: .
Stary Mz Bivoseadal revordedl

Fad ___ He Sipssoichd peooeded: s
Starv____ Hz Swsoidal Lodk-inveconded: Last Order of Losk-in:
Brnd __ Hz Swwseids! Lockanreonded:

Srrt fashropamettic measures {page 4y

Bt Apthropometric measures.
Start Mint-mentabevaluation lah

End Mt mental ovaluntion test:
Stast debwief:
Endsuaing off

Investipator 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 2™ Tank Water Valves: Close Compressor and 2™ 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 Zto 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
(1-9volt):

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

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 (Examples\Analogin\) Read

Channels:
Channels 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 EMGtest. VI, 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.

S. 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 VI’s.

*5Jog.VI*, *FC Learning7f.VI, *EMG_CoP Calibrate.VI*, *Reaction VDAS.VI*
Forced Choice VDA 7f.VL, 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
V1) 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.”

10. Place EMG sensors on bilateral Tib. Anterior and Solius muscles, 4=R. TA, B=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’1l 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 “EMG_CoP 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(‘11) 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)

Run toe-touch with press detect reaction portion of test.

“Finally, for the third reaction time test, 1‘1l 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):

Date:

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) 424-6080, or E-mail at: sricherson@jiece.org. Please leave your
name and method(s) by which you can be contacted.
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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 titted 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):

Date:

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) 424-6080, or E-mail at: sricherson@iece.org. Please leave your
name and method(s) by which you can be contacted.
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Peatorsls for *Sinusoldal Entraioment Stody of Postursd Control”

Start-Up Protocol
Prior to Subject Arrival

On Entry to the Lab;
1 Check the following O switchos:
#* o Lok Lighis
B MENET
© Pagl Syne Hox
i, SLIP Computer & Moniior
e Delsys B Box
f. Heeadphone Transmitier {Unplug Charglng cord, tuen on power wwviteh, adjsst volume)
ot Radioshack SEMTE50 ey
o Wireless Boom Sprakers (2)
Lo Penk Computer & Monttor
i e Delazima PO s Bxtension.
2, Check Alr Comprassor
a0 e O Cempressor Tn Cuitdeor Bguipment Ronm, Check For Leaks
b Upen Lab Supely Alr Valve Supply Prossuse to oyole between 80— 1158 psi
e Tpen Platfonm Al Valve Platform Pressure 570 pal, Al Flow > 2scim
3 Have on Hard the Tollowing fresh BATTERIES:
R Visomie T huton Tremmilter {1-%valth
4. Find the following *loose™ ITHMS and place on Platforsy:
a. Vigomic Twp buttens Tranamitter
b Blindfold
e Prepare Blesmodes with One side ol the adhesion pads(4)
d . Prepare Ground (Refeionse) Blestrode
Test Equipment by:
H Turnon Dover PRMAC DIB-2004:
# Supply Pressore wioycle between 80 - 115 pst
b Plaonn Pressure 70 psi, Alr Flow > 2 sefm
L R— Manually Venly Platforny s Flosting
4. Binsvgize DWRA-2004
o Press Reser if Red Resetindicntor Humdnated
2 Ron Cont Acg&Graph Voltage
. Check cach signal b ensure propisr iaporise
b, Alse recheck BMGs after vonngeted 1o subject
St Code e
Gender Age  Agy Contsel ¥ 2 # fic SRS L0 S | 6
Date: Page 1 Investigator Initials:

S VRO s
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Protoenls for *Sinesoidal Enpeainment Study of Postursl Control”

Sipnal

Ry

Lond Cell 1

\@mi shm i decrense with load

Lond Cell 2

Bignal shoubl decrense with bad

Load el 3

:’;ignai should decrense with load

Lond Cell 4 Signy ase with loead
____________ Hand Senr
dim Load Celly
Position Movenent awsy Tram wall should meresse sianal
| Shear Force Foroa trovards wall on platform should deorense
dotor Cuarrenty sigrml

Plasfom Aocelerometer

Signa] should Tonrease acceleration towards the wall,
B earebul nio 1o dislodge wood,

Head MNeuxis
Avgelerometer

Ehould creise with movement & X divection.

Hewd ¥t

Shoukd increase with movement in ¥ divection,

Agcel

Head L-nas Avceberometer | Should inorsage with movement in 7 direation

EbG Right TA

Rub Electrodes with thunih to observe signal response

PMG Lalt TA

Rub Blectrodes with thumb bo observe signal responge

BRI Risht (35

b Hlectrodes with thumb to ohserve sional response

LM(; Lefeirs

Farb Blertrodes with fhumb 1o ohservs shmnl respoise

Rub B 6L1{mkb with b ﬁ?}:ﬁ&ﬁ'ﬂ m«n@s! rmwme

EMG Krght Emlm‘»

Rub Fimﬁm@im% with thuml to (’eﬁmm» &gnﬁi ru;s;mnm

E Left Soleus

Rub Blectrodes with thumb 1o observe signal response

3. Open Gt Sownddvi”

@,

In headphones, able to hear continuous “white poise”, evertaid by wave fHs (% wavy,

arsbior doarbel] cobiuslwiser chamed lovels 1, 283 as necessmy)

o

. Disable Bereen savers
o Ry Teksonn Software {T-soan)

#. Eyoudon™t run before Labview might not work
6. R RealVNC

fop o B

b
it
L

o hogin e Pesk Computer
_ Disable sereensavers
B Peak Soltware

. Click options

. set subject name ans wriad
_aetsubject folder
sebtime o 17 soes

€. Calibrewe Vievn-geik

i
i
it
W,
Y.
Vi

open new tral

mnpiyitemphite

Rewove back right reflector frony tekssan
Plave walibration tnangle snd property align
Click Calibrabion capture and elewr duta
Record 90 sees of calibration data

Lo hek Toolsselect protocol then impors ZAFC

i

o Ehick et VR b

g Chek Tools potw Pateh Protoce]

i

Subjéer Code!

Select clear trials

Lévider

Date
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Protocols for “Siousoldel Entrainment Study of Postursl Control”

. Sedeor Al TR0 ils
it Sedeot Detection, 2480
. Selest Ugeovts

b Remoye Calibration Triangle
Replace back vight reflscior
Phiceall static reflostons

7 Oopen “Slogli”

5 Cpen TDetest Bine via"

Tinter intormation

5

&,
b

.

4

e

i

pr

Subject Clode:

Dae:
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Afver Ureation of Tekscm Folder

o Cratn Options

L Nelectusguigition paramelss
. Beeble trigpering

o £liok trigpering and Bnsore both set o exteira)
2o ek OF st Framies to Reoond 1w 3250
3 Betperid to 04
4. Froquensy should be 25 e (fravisec)
5. “Engove oxtorsal portisers s COM]

Dot Dptions inatan

i

i

Sihect aupuisiiion prrsmors
Hribde ASR
Lo Click AR
2 Click Brovwse
a. Gooeidnesubectfsubpect] [trial[Tekecan
b Blawe shookd be formatted us followimg
[Subject] Tngl] [Group] fix
Plyon dont have the ™ {underseor) on the end program will crash
et rmmber of Movies fo 150
et starting Moy ie rumber by

g 8

Groto Toaolsindvan
i

Select Calibrate
1 Dxcthis betore Harmess and BMGs
2. Tinter Subjecty mass o box
3. Havesubjest step oo platform
& ek start to calibrate
S SBave tosame folder as sbove with spme name convention

ek the Regord Button bnlosean
Allow calibration
Perform BEMO COP Calibrte
Perform 60 Seo quiet Standing

& For Threshiold toal

i, Perfonm SIAM

Fur Sine Dockiry trisl

b Charge time o T ee0s

Gender Age  Age  Conmt ¥ # # |10 SRS L 0e SR | 0

Page:3 Dvegtigator {nitials;

o HEASR
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Protocoks for “Stousoidad Entrsinment Study of Postursd Control”

Testing Protocol
When Subject Arrives

L leeroduce Tovestigator,
2o Show Phatorm and run 8 jouovl” which shows leagh of joss and approvinste speed (25mmi2).

s i the test platform that you will be standing on. JOwill be making very small moves
{run VI and vouwill have to determine when the move oconyved.” Bul before you step on
the platform I need you to read and sign the Informed consent document and take some

clinical measuroments,”
3 Givesohipet IRBapproved consent form, Subjests must initial and sign form ag appropriate.
& Dwtermine wnd vecord Sobjert T and buve them (1l out Medical sy,
8 Admtaister the wind-ments) evaluation e, BERE, and RAKDL
L _Have subject remisvieshees sind sooks, and Porfoom Clinical sssissment scuordinig fo form/ grotocol
7o Perform Teksean Calibration
8. TwnonDoorbell réctiver bave thery test ransmitter, explain forced chotos protoonls

“With this doorbell transmitter, you will be able to indicate if vou felt the platform move,”

*For this test, vouwill be asked to step on the platform, place the headphones over your
ears, and cover your eyes with the Bindfold.”

*From your headphones vou will be hearlug o constant “masking white noise’, and two
verkal cnes: ‘Ready® and “Decide’. Eachowill be ten seconds apart”.

¥ you think that the platform moved between the wonds “Ready’ and “Becide’, press the
hutton onee, bat donnt press the button if you did not feel the platform move™

Al decisions should be made no Lder than two secorads after the word *Decide’. Goabead
and fry the batton to miske sure you ave comfortable with it. ™

L _ Have subject put.dn Harmwss if rerquired
B Place EMIG sensors bilaterally onthe Tib, Anterior, Sastroonenius, Soleus, and
stemocleidemastoid J
a. Wipe boththe BN Blectrades amd the shin with Aleohol Wipes before applieation
b B Boxoshould by placed on back Hurness straps 1 used. orcenter of back elipped onto shurts
¢ TAEMGs should wiap sound body, snd then ncked Bside the harness snd randown o e front
of the Tegs
4 G8 and SCM are in down and up directly from the bt
2, Sdlentny length shuld be twist tied ot the box bebind the subject

Subject Code:

Gender Age  age  Comael B K w2 i

e Page 4 Investigator Initials:
yor HEIREOM e
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Protocols Tor “Sinasoidal Entrainment Study of Postural Control”

“Lywill be eollecting EMG data to defermine how your muscles veact fo the slight
movements the platform will be making, to help me determine if this is part of what helps
YO o decide d the plutform has moved, After U'm done placing these sensors, PPHask
you todo some movements to help me calibrate them.”

Wit forplatform salibratien, Then perfore onsersen sommands from for BMO 0O Calibration, Hook ap
Hamess.

“You can now step off the phatform, watch that you don't tangle the EMG lines.”

Yo Vewiam Leanang SLAKN fed prowesl
“Td Bk vou to try to feel the platform move o Tew thmes, You will hear 2 *Reah™ and *Tedide.” Alter,
decide press the button i you felt the platform move, bul do not press the butten if you do not feel the
phatiorpy weove, Ploase keep handy at vour sides duriing the trind. Also, Please do not pick vour feet ugr snd
movie then daring test but you can re adjust your weight o them for comfore”

First 4 trialy with eves open Forsubject pavihologios] familiarization, Tast 6 trids usdor eves closed condition for
fervdng unider testing conditions.

Hhdust ger P eorreet Before contharing) T T con beveppated wp fo 3 Bimes for learning purposes.
R CHECK BMGs BEFORE EAUH TR

1z Haplain SIAM protorol spain and continue with test for bomndition

Note: Fiest- 60 seconds of fest ask subject to stanad still. Then 19 secs Tor sach frial

13 Adlow subjioct Saminute ress while chesking summary flefs) for lowest dutested soceleration for
the forced choice teats, write these thresholds below:
hovement Amplituds Thrashold Crrder
.75 He I
D5 Hy e e
. s .
MMMMMMMMMM Hs o lyn —
4. Tsehrief subjedt.

15, Reschedule subjects For addivional test tieme Unseded:

Pyl Altermate DaonDate;
Times . Time: R
oo Feable Computers Sereensavers (Peak and SLIP computer
17 Close Lalwicw
18, Close Peak Soltwiare and Real VI
1% BanDATA R DVD
2. Oneto Polly And Ooe tobe keptinLab
Subject Code: e s
Gender Age Age Contat ¥ # # 1008 S L6 B G

DRICL o

Investipator Initils:
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Subjects Needed

Investigators:

Charles Robinson, DS¢, 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@jieee.org
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Clarkson

T T

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
complete. Participants may be asked to complete 1 to
3 sets of these 4-hour protocols, generally on different
days.

A minimum amount of physical effort will be required
for this study, as participants will be standing in place
and answering questions. We are unable at this time to
offer any compensation to participants.

FOR DETAILED INFORMATION PLEASE CONTACT POLLY TIERNAN
315.268.6528 MONDAY THRU FRIDAY 8-4:30

We must exclude you from this study if you have a cumrent 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 Approval # 06-24
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Mini-Mental State Examination (MMSE)
bl L DIERT s
Avtivity Seove

GRIENTATION - one point for each answer
Agde: Vet is that DyearYaeasoni{date){day Jmontiy?”
AnkrWehers ave we s {stats Hoouw M own Hhospite ) floory?

REGISTRATION - score 1,2,3 points according to how many are
repeated

Narns thirae 2 : Giwe thie path Petet:d o g0 sy gach,
Ak Hhe patient Io: vepeat ol threa after you bave said then.
Repeat them vl the pathent learms aif three,

ATTENTION AND CALCULATION ~ one point for sach correct —
subtraction

Ask the petient to! baginfrom 100 and count backwards by 7.
Stop after Sanswers. {93, B&, 79, 72, 65}

RECALL -~ one point for sach correct answer

Al the patient te! narme the thres obiscbs from above.
LANGUAGE

Ask the patiant b identify and vamme g penth and's wateh, (¥ points}

Ash the patientfo) tepestthe phrase "M ifs, ands, of buts.” {1 point)

Ark B patient to: M Talee n paper in vour right hand, fold tin balf, and putiton
thg fwor " {1 ool for vach Task comleted pdroparlyt (Use 2% Page)

Ak the pstient fortead and vbay the follewing: “Close your eyes.” {1 peint)
Agke the patient to wiite s sentance. 11 point)

Ak e &b sopy 8 complex disgrac of tws iInterlooking penbagens. {3
ittty ol
TOTAL: Out'of 30 -
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CLOSE YOUR EYES
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BERG Patient Name;
BALANCE Rater Name:
SCALE Date:
Balance Item Score (6-4)

1. Ritting wsupported

2. Change of position: sitting to standing
3. Change of position” standing to sitting
4. Transfers

8. Standing unsupported

6. Standing with eyes dosed

7. Standing with Teet logeiber

8. Tandem stonding

9. Standing on one leg

10 Furning trunk (feet fixed)

11. Retrievisng ohjects from floor

12. Tursing 360 degrees

13.. Ston] stepping

SERRRARRRRNEE

14. Reaching forward while standing

TOTAL (0-56):

Interpretation

020, wheelchair bounid
21-40; walking with sssistance
41-56, indepandent

References

Berg K, Wood-Dauphinee 8, Williams JI, Maki, B: Measuring balance in the elderly: Validation of an instrument.
Can. J, Pub, Health, July/August supplesvent 2:87-11, 1992,

Berg K, Wood-Diauphinee 5, Williams 51, Gayion T Measuring balance in the glderly: Preliminary development of
s wistriment.
Physiotherapy Canada, 41:304.311, 1982,

Pravided by the Intornet Stroke Canter — www. strokecenter.org
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Medical Outcomes 8tudy: 36-Item Short Form Survey lnsirument

RAND 36-Item Health Survey 1.0 Questionnaire [tems

subdect:
1. Ins yeneral, would you
say
your health is: Rate:
Excellent 1
EVBry good 2
Good 3
Fair 4
Poor
2. Compared to one year ago,
how would your rate your health in general
now?
Much better now than one year ago 1
§Samawhat 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 Hlems ave about activities you might do during 2 typical day. Does your health now fimit

von in these activities? If so, how much?

{Cirele One Nomber on Each Ling)

Yes, Yes, No, Not
Limited a Limited 2 limited at
Lot Littie All
3. Vigorous activities, such as [1] [2] [3]
running, lifting heavy objects,
participating in strenuous sports
4. Moderate activities, such as moving [1] 2] i3]
a table, pushing a vacuum cleaner,
bowiing, or playing golf
5. Lifting or carrying groceries [1] [2] {3]
6. Climbing several flights of stairs (1] {2} 3]
7. Chimbing one flight of stairs [1] 2] [3]
B, Bending, kneeling, or stooping 1] [2] £3]
9. Walking more than a mile 1] [2] i3]
10. Walking several blocks [1] 2] [3]
11. Walking one block [1] [2] {3]
12, Bathing or dressing yourself [1] f2] {31
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During the past 4 weeks, have you had any of the following problems with vour
work or other regular daily activities as a result of 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 1 2
14. Accomplished less than you would like 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 1 2
example, it took extra effort)

During the past 4 weeks, have you had any of the following problems with your
work or other regular daily activities as & result of any emotional probiems
(such as feeling depressed or anxious)?

{Circle One Number on Each Line)

Yes - No
17. Cut down the amount of time you spent on work or other 1 2
activities
18. Accomplished less than you would like 1 2
19, Didn't do work or other activities as carefully as usual 1 2

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



146

20. During the past 4 weeks, to what extent has vour physical health or emptional
problems interferad with your normal social activities with family, friends,
neighbors, or groups?

{Circle One Number)

Notatalll

SHghtly 2

Moderately 3

Quite a bit 4

Extremely 5

21. How much bodily pain have you had during the past 4 weeks?
{Circle One Number)

None 1

Very mild 2

Miid 3

Moderate 4

Savere 5

Very severe 6

22. During the past 4 weeks, how much did pain interfers with your normal work
{including both work outside the home and housework)?

{Circle One Number)
Not at all 1

A little bit 2
Moderataly 3

Quite abit 4

Extremsly 5
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Thase guestions are about how you feel and how things have baen with you duaring
the past 4 weeks. For each question, please give the one answer that comes
closest to the way you have been fealing.

How much of the time during the past 4 weeks . . .

{Circle One Number on Each Line)

A Good
All of Mast Bit of Some A Little Nohe
the of the the of the of the of the

Time Time Time Time Time Tirme
23. Did you feel full of 1 2 3 4 8 6
pep?
24, Have you been a 1 2 3 4 5 6
very nervous person?
25. Have you felt so 1 2 3 4 L3 6
down in the dumps
that nothing could
cheer you up?
26, Have you felt 1 2 3 4 5 6
calm and peaceful?
27. Did you have a lot i 2 3 4 3 6
of energy?
28. Have you felt 1 2 3 4 5 6
downhearted and
blug?
29. Did you feel worn 1 2 3 4 5 4]
out?
30. Have you been a 1 2 3 4 g 6
happy person?
31. Did you feel tired? 1 2 3 4 5 5]
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32, During the past 4 weeks, how much of the time has your physical health or
emotional problems interfered with your social activities (like visiting with
friends, relatives, ete.)?

{Circle One Number)

All of the time 1

Most of the time 2

Sorne of the time 3

A little of the time 4

None of the time 5

How TRUE or FALSE is gach of the following statements for vou.

{Circle One Number on Each Line)

Diefinitely Mastly Don't Mestly Definitely
True True Know False False
33. 1 seemn to get sick 1 2 3 4 5
& little easier than
other people
34. I am as healthy as 1 2 3 4 5
anybody I know
35. I expect my health 1 2 3 4 &
to get worse
36. My heaith is 1 2 3 4 5
sxceilent
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Patient Questionnaire

Mrnost everymme bas experienved fimes of ferling sad or depressed, ke when suffiving from a severs hivess, when « pir-
sort chose b9 you biss died, srif there are prsblens ot work or fn the family, The follveing questions ave about v thines.

1. Have yau ever hiad 2 yeats or more in your Jife 3. in the fast month did you hove a period of 1 week
when you Telt depressed or sad most days, even if or more when ... (Circle one answer on each fine)

yoir {olt GK sometimes? (Girdleong)
) ) ) a. nearly every day you felt sad, emply or depressed
Yes Ho-(Skip to Question 2) for most of the day?

#. Did any period like thal ever last 2 years without Yes Ho

an interruption of 2 full months when you felt OK?
) ) . b. you lost interest in most things like work, hobbies,
Yes Ne (Skip fo Question 2) and other things you usually enjoyed?

B. Did any of those long periods of feeling sad or Yes No
depressed continie into-the last 12 months?

Yeg Ne

2. In the last 12 months, ave you had 2 weeks or
longer when ... {Cicle one answer on each ling)

a. aearly every day you felt sad, empty or depressed
for most of the day?

Yes Ho

b, you lost interest in most things like work, hobhies,
and-other things you usually enjoyed?

Yes No

OFFIGE USEONLY

1AND 1a and 1b a
OR -
.= OR 28 s

Checlkif

[]

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



APPENDIX K

RAND WITH DEPRESSION

SCREENER SCORER

150

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



Date:

Subjact
{BANG ™ TTest Soore Teorerson
k| Bad Answer
2 Bad Answer
3 Bad Answer
4 DBod Arswer
5 Hagd Answer
& Bad Answer
i Bau Answer
8 Bad Answer
9 Bad Answer
k) Dac Answer
19 |Bad Arewer
12 Bad Answer
13 Bagl Arewer
14 B Answer
18 Rad Answer
18 Bagl Answer
17 Bad Argwer
18 Bad Answer
13 Bad Answer
20 Badd Angwer
21 Bad Answer
el Bad Answer
23 Bad Arswer
24 Bad Arswer
25 Bad Angwer
28 Bad Answer
iy Bad Answer
28 Bag Answer
25 Bad Armaer
30 Sad Answer
31 Bad Answer
32 Bad Answer
A3 Bad Answer
34 Bad Answer
35 Bad Answar
38 Bad Angwer
rf}am@sﬁim Grreerer
Qugstion TAnswerYes/blo)
|
18
s
23
21
5x)
51x)
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Limited due fo Physical health HOIVAY
Limited due to Emctional heaith | #DIVA!
Energy/F atigue HOIVA!

lgmaiimal Well-being HOIAE
Social Funchioning #LIVIO
Fain BNV
General Health #OWIG

I_Depreszu‘m Presert
Diysthymia Moy
IMaor Deprassion o
1Symptoms Present Mo
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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\ o
Y%**** include trailing slash EEE

addpath '[DRIVE]:\FILE_PATHY'
HOME_DIR="[DRIVE]:\\FILE_PATHY;

%***********************************************************

if strcemp(HOME_DIR,'[DRIVE]:\FILE_PATH\")
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

%****MUST SET************
ProcessID = 'yyyymmdd##';

%************************

if stremp(ProcessID,'yyyymmdd##')
error(['ProcessID 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,' ',messagel);
end

%**** Location of Subjects text File*****
SUBJECTS_FILE = [HOME_DIR,'subjects.xt];

%***** 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\  ****
Yo**** include trailing slash e
MAIN_DIR="[DRIVE]\FILE_PATHY'

%*****************************************************

if strcemp(MAIN_DIR,' [DRIVE]:\FILE_PATHY')
error([MAIN_DIR must be set);
end

% Put all File name in Lowercase
subjs = lower(subjs);

% Intialize Counters
e=1,
9=1;

% Initialize Waitbar to Show Process Status
wbar=waitbar(0,'Processing QS Data...");
for i=1:length(subjs)

% Update Waitbar
waitbar(’NUMBER_OF_SUBJECTS,wbar,['Processing QS Data.....

",char(subjs(i)),' : ",num2str(i),"/,num2strf(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(IMAIN_DIR,char(subjs(i)),'\',char(subjs(i)),\'],'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)),"\',char(subjs(i)),'"\"],'dir');
if (R~=0)
tic
main_tr(char(subjs(i)),diab(i),[MAIN_DIR],'r");
LT;(;))((:i'Trial R for ',char(subjs(i)),' finished in ',num2str(t)," secs.")
goodarr(g,3)=numZ2cell(t);
end
B = exist([MAIN_DIR,char(subjs(i)),"\',char(subjs(i)),'b\],'dir");
if (B~=0)
tic
main_tr(char(subjs(i)),diab(i),[MAIN_DIR],'b");
zzigp))ﬁ'Trial B for ',char(subjs(i))," finished in ',num2str(t),’ secs."])
goodarr(g,4)=numz2cell(t);
end
C = exist([MAIN_DIR,char(subjs(i)),'\',char(subjs(i)),'c\'],'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 = exist([MAIN_DIR,char(subjs(i)),'\',char(subjs(i)),'d\'], dir');
if (D~=0)

tic

E.ta(i)r;;_tr(char(subjs(i)),diab(i),[MAIN_DIR],'d');

disp(['Trial D for ',char(subjs(i)),’ finished in ',num2str(t),' secs.")
goodarr(g,6)=numZ2cell(t);

end
E = exist([MAIN_DIR,char(subjs(i)),'\',char(subjs(i)),'e\'],'dir");
if (E~=0)
tic
main_tr(char(subjs(i)),diab(i),[MAIN_DIR],'e");
t=toc;
disp(['Trial E for ',char(subjs(i))," finished in ',num2str(t),' secs.")
goodarr(g,7)=num2celi(t);
end
F = exist([MAIN_DIR,char(subjs(i)),'\',char(subjs(i}),"\],'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)=numZ2cell(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+1;

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.xIs',err_head,'Sheet1','A1:11");
xlswrite('SUBJECT_ERR.xIs',errarr,'Sheet1',[A2:I',num2str(e)]);

good_head={'Subject’ A'* R'' B'' C'' D'" E'" F};
xlswrite('SUBJECT_GOOD.xIs',good_head,'Sheet1','/A1:H1");
xIswrite('SUBJECT_GOOD.xIs',goodarr,'Sheet1',['A2:H',num2str(g)]);
cd(HOME_DIR);

clear all

clear classes

function main_tr(subject,rawid, MAIN_DIRtrial)
%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_DATA _SIZE = 30000;
Loc_ToBeProcessed = [MAIN_DIR,subject,'\',subject,trial,\';

% Load Filter From File
load SMOOTH_FILTER

%****Define where postprocessed files will be stored****
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%**** Format should be [DRIVE[:\FILE_PATH\ ~ ****
%****  include trailing slash wwkn
Loc_Processed = '[DRIVE]\FILE_PATH\

96*******************************************************

if stremp(Loc_Processed,' [DRIVE]:\FILE_PATH\")
error(['Loc_Processed must be set');
end

%****Define File name for xls spreadsheet for**********x
%**** process of subject. DO NOT PUT .xls bl
SUBJECT_PROCESS_SUMMARY = 'FILE_NAME';

96*******************************************************

if stremp(SUBJECT_PROCESS_SUMMARY,'FILE_NAME')

error([SUBJECT_PROCESS_SUMMARY must be set]);
else

ERR_CHK =
exist(MAIN_DIR,subject,'\',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 stored************
%**** Below describes how to choose which files you want ****
%****  to process, which are followed by the ending of ****
Yo**** those files. E

%**** 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" ****
FILE_TYPE_SW =0;

96***************************************************************

switch FILE_TYPE_SW
case 0
error([FILE_TYPE must be set");
case 1
FILE_TYPE='01.xls";
case 2
FILE_TYPE='_sta.xls";
case 3
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FILE_TYPE='_sum.xls";

%***************************************************************

%**** hkkk

%**** By Seperating these it provides room for expansion ****
Ofp**** for types of files where there are more than  ****
%****  one for a specific test run. e

%**** *kk%k

%***************************************************************

case 11
FILE_TYPE="_QS.xls";
case 12
FILE_TYPE='emcp.xis";
case 13
FILE_TYPE='norm_EMG_COP.mat';
otherwise
error('Incorrect Setting for FILE_TYPE');
end

% Intialize ERR_CHK
ERR_CHK=zeros(1,5)

cd(Loc_Processed);
CHCK = exist([MAIN_DIR,subject,"',subject,trial,'\'],'dir’);
if (CHCK~=0)

if FILE_TYPE_SW > 10

ERR_CHK(1) =
exist([MAIN_DIR,subject,\',subject,trial,\',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,\',subject,trial,'\',subject,trial,rawid,'1as0rf ,FILE_TYPE],'
file");

if (ERR_CHK(1)~=0)

%****MUST INSERT YOUR DATA PROCESSING FUNCTION
HERE****
96******************************************************
else
disp(['Error: 1 mm '\ ERR_FILENAME,' File not found for ',subject,trial])
end

% 2mm

ERR_CHK(2) =
exist([MAIN_DIR,subject,\',subject,trial,\',subject,trial,rawid,"1as1rf',FILE_TYPE],'
file');

if (ERR_CHK(2)~=0)

%****MUST INSERT YOUR DATA PROCESSING FUNCTION
HERE****
96******************************************************
else
disp(['Error: 2 mm '\ ERR_FILENAME,' File not found for ',subject,trial])
end

% 4mm

ERR_CHK(3) =
exist(MAIN_DIR,subject,'\',subject,trial,'\',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 ',ERR_FILENAME,' File not found for ',subject,trial])
end
% 8mm
ERR_CHK(4) =
exist([MAIN_DIR,subject,\',subject,trial,\',subject,trial,rawid,'1as3rf',FILE_TYPE],’
file');
if (ERR_CHK(4)~=0)
%****MUST INSERT YOUR DATA PROCESSING FUNCTION
HERE****
96******************************************************
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,\',subject,trial,'\',subject,trial,rawid,'1asO0ff' , FILE_ TYPE],’
file');
if (ERR_CHK(1)~=0)
%****MUST INSERT YOUR DATA PROCESSING FUNCTION
HERE****

%******************************************************

else
disp(['Error: 1 mm "JERR_FILENAME,' File not found for ',subject,trial])
end '

% 4mm
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ERR_CHK(3) =

exist((MAIN_DIR,subject,\',subject,trial,'\',subject trial,rawid,'1as2ff',FILE_TYPE],’
file');

if (ERR_CHK(3)~=0)

%****MUST INSERT YOUR DATA PROCESSING FUNCTION
HERE****

%*************************9;****************************

else

disp(['Error: 4 mm ''ERR_FILENAME,' File not found for ',subject,trial])
end

% 16mm

ERR_CHK(5) =

exist(MAIN_DIR,subject,'\',subject,trial,'\',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 'f'
trial_num=7;
end

cd([MAIN_DIR,subject,\');

err_head={'Subject' 'Trial' "1 mm''2 mm''4 mm' '8 mm' '16 mm'};
xlswrite([SUBJECT_PROCESS_SUMMARY,'.xls'],err_head,'Sheet1','A1: G1)
xlswrite([SUBJECT_PROCESS_SUMMARY,'.xls'],{subject
trial},'Sheet1',['A’,num2str(trial_num+1),":B',num2str(trial_num+1)]);

xlswrite([SUBJECT_PROCESS_SUMMARY,'xIs',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

flenameplate = [Loc_ToBeProcessed,subject,trial,rawid,'.dat";
FILEPLATEID = fopen(filenameplate,'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 =dimread(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) * Accel_CF; %

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_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:DAT_DATA_SIZE-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_SIZE,3) =
filtilt(SMOOTH_FILTER.tf.num,SMOOTH_FILTER tf.den,temp(2:DAT_DATA_SI
ZE,T));

% Add differentiated Acceleration

temp(3:DAT_DATA_SIZE,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) =
filtilt(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_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);
% Add APCOP
% Add APCOP Velocity
% Add MLCOP
% Add MLCOP Velocity

flenamecal = [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,)));
end

temp(2:DAT_DATA_SIZE,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;

fori= 14:2:16
minitavg(i) = initavg(temp,i); v
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(SMOOTH_FILTER.tf.num,SMOOTH_FILTER.#f.den,temp(2:DAT_DATA _SI
ZE,));
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:DAT_DATA_SIZE,i-4) = smdat(1:DAT_DATA_SIZE,i-8);
end

% Bell
dat(1:DAT_DATA_SIZE,20) = smdat(1:DAT_DATA_SIZE,16);

% Create Normalization Array

fori=13:16
norm_EMG_COP(1,i-12) = mean(dat(2000:5000,i));
norm_EMG_COP(2,i-12) = mean(dat(11000:14000,i));
norm_EMG_COP(3,i-12) = mean(dat(16000:19000,i));
norm_EMG_COP(4,i-12) = mean(dat(25000:28000,i));

end

for i=9:2:11
norm_EMG_COP(1,i-4-(i-9)./2) = mean(dat(2000:5000,i));
norm_EMG_COP(2,i-4-(i-9)./2) = mean(dat(11000:14000,i));
norm_EMG_COP(3,i-4-(i-9)./2) = mean(dat(16000:19000,i));
norm_EMG_COP(4,i-4-(i-9)./2) = mean(dat(25000:28000,i));

end

% 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
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% Writes File
cd([Loc_Processed,subject,\',subject,trial,'\');
% save([subject,r,rawid]);
xlswrite([subject,trial,rawid],A,'Sheet1','A1:T1');
xlswrite([subject,trial,rawid],dat,'Sheet1','/A2:T30001");
else
cd([Loc_Processed,subject,'\',subject,trial,'\']);
save('error_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

testhnum = 1;

96************************************

96************************************

% 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 (stremp(subject,'m72z137"))
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’l];
file_sum_id = fopen(filenamesum,'rt');
if file_sum_id==-1
flenamesum = [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));

fgeti(file_sum_id);

fsumi={'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','A1");
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..."]);
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if (testhum <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(fgeti(FILEPLATEID));
fsumd(testnum,12)=celistr(fgetl(FILEPLATEID));
fsumd(testnum,13)=cellistr(fgetl(FILEPLATEID));
fclose(FILEPLATEID);

waitbar (testnum/30,h);

% Intialization
minitavg(1:19)=0;
% Data Extraction from raw plate data

cop =dimread(filenameplate,\t',7,0);
[RAW_DATA_SIZE,COLs]=size(cop);

% Zero Baseline
fori=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:RAW_DATA_SIZE-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) =
filtilt(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 SIZE4) =
filtfiltt SMOOTH_FILTER.tf.num,SMOOTH_FILTER f.den,temp(3:RAW_DATA_SI
ZE 8));

% Add Acceleration
dat(1:RAW_DATA_SIZE,5) = smdat(1:RAW_DATA_SIZE,8);

temp(2:RAW_DATA_SIZE,5) = (dat(2:RAW_DATA_SIZE,5)-
dat(1:RAW_DATA_SIZE-1,5))./SAMPLING_RATE;

% Smooth Acceleration

minitavg(19) = initavg(temp,5);

temp(2:RAW_DATA_SIZE,5) = temp(2:RAW_DATA_SIZE,5)-minitavg(5);

dat(2:RAW_DATA SIZE,8) =
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

flenamecal = [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) =
filtilt(SMOOTH_FILTER.tf.num,SMOOTH_FILTER.tf.den,temp(1:RAW_DATA SI
ZE,);
end

temp(2:RAW_DATA._SIZE,14) = (dat(2:RAW_DATA_SIZE,9)-
dat(1:RAW_DATA_SIZE-1,9))./SAMPLING_RATE:
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temp(2:RAW_DATA_SIZE,16) = (dat(2:RAW_DATA_SIZE,11)-
dat(1:RAW_DATA_SIZE-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_DATA_SIZE,i-4) =
filtfilt(SMOOTH_FILTER.tf.num,SMOOTH_FILTER.tf.den,temp(2:RAW_DATA _SI
ZE,)));
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,'\',subject,trial,\');

if (testnum<10)
% save([subject,r,rawid,'0',num2str(testnum)]);
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xIswrite([subject,trial, wrawid,'0’,num2str(testnum)],A,'Sheet1','A1:T1");

xlswrite([subject,trial, wrawid,'0',num2str(testnum)],dat,'Sheet1',[A2: T',num2str(R
AW _DATA_ SIZE+1)));
else
% save([subject,r,rawid,num2str(testnum)]);
xlswrite([subject,trial, wrawid,num2str(testnum)],A,'Sheet1','A1:T1");

xlswrite([subject,trial, wrawid,num2str(testnum)],dat,'Sheet1',[A2: T',num2str(RAW
_DATA_SIZE+1)]);
end
xIswrite([subject,trial, wrawid,' sum'],testnum,'AVG',['A’,num2str(testnum+2)});
xIswrite([subject,trial,wrawid,' _sum'],minitavg,'AVG',['B',num2str(testhnum+2)]);

testnum = testnum + 1;
if (testhnum <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(FileIDsum);
close(h);
cd([Loc_Processed,subject,'\',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(dimread(filenamesum,\t',[4 0 testnum+2 8]));

file_sum_id = fopen(filenamesum,’rt');

for(i=1:testnum+4)
fsumct=fgeti(file_sum_id);

end

if (fsumct~=-1)

fsumc=cellstr(fsumct);

xlswrite([subject,trial,wrawid," sum'],fsumc,'Sheet1','A35');
end
xlswrite([subject,trial, wrawid,' sum’],fsumh,'Sheet1','A1:A2");
xlswrite([subject,trial, wrawid,' sum’],fsuml,'Sheet1','A4:M4");
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[r_fsumd,c_fsumd]=size(fsumd);
xlswrite([subject,trial,wrawid,'_sum'],fsumd,'Sheet1',['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

96************************************

96************************************

% 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 =dIimread(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 Celis

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=filtfit(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_SIZE-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: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(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_DATA_SIZE-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:STA DATA SIZE,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,'1"];
fpcal = calmod(filenamecal);

[temp(:,13),temp(:,15)] =
apmlcop(smdat(:,1),smdat(:,2),smdat(:,3),smdat(:,4),fpcal);

fori=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_SlI
ZE,)));
end

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: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 Sl
ZE,));
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
fori=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' 'MLCORP Vel' 'RTA'
'RGS' 'LTA' 'LGS' 'Head Accel X' 'Head Accel Y' 'Head Accel Z' 'Bell'};
% 7 8 9 10 11 12 13 1415 16 17
18 19 20

% Writes File
cd([Loc_Processed,subject,\',subject,trial,\');

% save([subject,r,wrawid]);
xlswrite([subject,trial,wrawid,’_sta"],A,'Sheet1','/A1:T1");
xlswrite([subject,trial, wrawid,'_sta"],dat,'Sheet1','A2:T20001");

else
cd([Loc_Processed,subject,'\',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)

% disarray

% iis column of data (type)

a = mean(d(200:3600,i));

function [APCOP,MLCOP,mass] = apmicop(l1,12,13,14,fpcal)

%calculating Ap-COP and MI-COP
FP1=I1-fpcal(1);
FP2=I2-fpcal(2);
FP3=I3-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
% cnvfactis -39.92KG/V

%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 mcal;

function QSmetrics(subject,rawid,move,row,trial)
global Loc_ToBeProcessed Loc_Processed

APCOP =
xlsread([Loc_ToBeProcessed,subject,trial,rawid,'_sta.xls"],'Sheet1','12:120001");
MLCOP =

xlsread([Loc_ToBeProcessed,subject,trial,rawid,' _sta.xls'],'Sheet1','K2:K20001");

%calculate resultant distance
rd=sqrt(APCOP.*2+MLCOP."2);
mdist=sum(rd)/(length(rd));
mdistap=sum(abs(APCOP))/(length(APCOP));
mdistmi=sum(abs(MLCOP))/(length(MLCOP));

%calculate rms distance from mean cop
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rdist=sqgrt((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(MLCOPY),

%calculate the 95% confedence circle area
areacc=pi*(mdist+1.645*(sqrt(rdistA2-mdist?2)))*2;

%calculate the 95% confidence ellipse area
stddevapml=(sum(APCOP.*MLCOP))/(length(APCOP));
areace=2*pi*3*(sqrt(stddevap”2*stddevml*2-stddevapmi*2));

%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);
mfregml=mveloml/(4*sqrt(2)*mdistml);
mfreqap=mveloap/(4*sqgrt(2)*mdistap);

%calculate fractal dimension based on 95% Confidence Circle

dcc=2*(mdist+(1.645*(sgrt(rdist*2-mdist*2))));
FD_cc=log10(length(APCOP))/log10((length(APCOP)*dcc)/totex);
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%calculate fractal dimension based on 95% Confidence Ellipse
dce=sqrt(8*3*sqrt(stddevap*2*stddevmi*2-stddevapmi*2));
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)>2%i
i=i+1;
end
nfft=24i;
m=n/2;
fs=1000;
fc=fs/2;
f=1fc * [0:m]/m;
df=f(2);
LPS=6; % for 0.15 Hz cutoff for analysis
HPS=164; %for SHz cutoff for Analysis
% [G,w]=pmtm(rd,4.5,nfft,fs);
% [Gap,w]=pmtm(APCOP,4.5,nfft,fs);
% [GmI,w]=pmtm(MLCOP,4.5,nfft,fs);

MLCOPF=fft(MLCOP,n);
GmI=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));

powermi=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))>=powerm|*0.5,1,first');
%calculates 95% power for each
pfreq95=Ff(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(GmI(LPS:HPS))>=powermi*0.95,1, first');
%Calculates centroidal frequency
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cfreq=(sum((((LPS:HPS)*df).*2).*G(LPS:HPS)")/power).*0.5;
cfreqap=(sum((((LPS:HPS).*df).A2).*Gap(LPS:HPS)')/powerap).*0.5;
cfregmi=(sum((((LPS:HPS).*df).*2).*GmI(LPS:HPS)')/powerml).*0.5;

%calculates frequency dispersion

freqd=(1-
sum(((LPS:HPS).*df).*G(LPS:HPS)")*2/(power*sum((((LPS:HPS).*df).*2).*G(LPS
:HPS)')))*0.5;

freqdap=(1-
sum(((LPS:HPS).*df).*Gap(LPS:HPS)")*2/(powerap*sum((((LPS:HPS).*df).A2).*G
ap(LPS:HPS)"))*0.5;

freqdml=(1-
sum(((LPS:HPS).*df).*GmI(LPS:HPS)")*2/(powermi*sum((((LPS:HPS).*df).A2).*G
mi(LPS:HPS)")))*0.5;

% 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 3 34 35 36

37 38 39 40 4 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 mfregml 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==

H = {'Move' 'meanrd' 'meanap’' 'meanml' 'stddevrd' 'stddevap' 'stddevml' 'rng’
'rngap’ 'rngml’ 'mdist' 'mdistap’ 'mdistml' 'rdist’ 'rdistap’ 'rdistml’ 'totex’ 'totexap'
'totexml' 'mvelo’' 'mveloap’ 'mveloml' 'mfreq' 'mfreqap’ 'mfregml' 'areacc’
‘areasway' 'areace' 'FD_cc' 'FD_ce' 'power’ 'powerap’ 'powerml' 'pfreq50'
'pfreg50ap’ 'pfreq50ml' 'pfreq95' 'pfreq95ap’ 'pfreq95ml' 'cfreq’ 'cfreqap’ 'cfregml’
'freqd' 'freqdap’ 'freqdml’};

xIswrite([subject,trial,'_QS.xIs"],H,'Sheet1','A1:AS1");
end
xiswrite([subject,trial,’ QS.xls'],output,'Sheet1’,['A’,row,":AS',row]);

function QSmetrics_Analysis(subject,row_read,trial)
global Loc_ToBeProcessed Loc_Processed row_write
[gsmetrics, move_size] =

xlsread([Loc_ToBeProcessed,subject,trial,’_QS.xIs",'Sheet1',[[A2:AS",num2str(ro
w_read+1))]);
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if stremp(trial,")
trial={"'a"};
end
gsmetricsf(1,length(move_size)*length(gsmetrics)) = 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))]...
['mfregml_',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))]...
['pfreg50 _',char(move_size(i))]...
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['pfreq50ap_',char(move_size(i))]...

['pfreg50ml_',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))]...

[‘cfregml_',char(move_size(i))]...

[freqd_',char(move_size(i))]...

[freqdap_',char(move_size(i))]...

[freqdml_',char(move_size(i))]};

Hf = [Hf H];
gsmetricsf(1,1+(i-
1)*length(gsmetrics):i*length(gsmetrics))=gsmetrics(i, 1:length(gsmetrics));
end
if row_write==
xIswrite(['QS_Analysis_',char(trial),’.xls"],Hf,'Sheet1''A1");

end
xIswrite([QS_Analysis_',char(trial),'.xls'],cellstr(subject),'Sheet1',['A’,num2str(row
_write)]);
xIswrite(['QS_Analysis_',char(trial),’.xls],gsmetricsf,'Sheet1',['B',num2str(row_writ

e)l);

function QSmetrics_Analysis_Sum(subject,row_read,trial)
global Loc_ToBeProcessed Loc_Processed row_write

gsmetrics(1:3,1:25)=0;

[asmetrics, move_size] =
xlsread([Loc_ToBeProcessed,subject.trial,’”_QS.xls"],'Sheet1',['A2:AS',num2str(ro
w_read+1))]);

if stremp(trial,")
trial={'a'};
end

gsmetricsf_sum = sum(gsmetrics);
gsmetricsf_mean = mean(gsmetrics);

cd(Loc_Processed);
if row_write==

H={}
Hf = {'Subject};
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% Write Header for QS_Analysis Spreadsheet

H = {['meanrd...
['meanap’]...
['meanml...

~ ['stddevrd...

['stddevap']...
['stddevml]...
['rng...
['rngap’]...
['rngml’]...
['mdistT...
['mdistap']...
['mdistml]...
['rdist']...
['rdistap]...
['rdistml’]...
[totex']...
['totexap...
[totexmlT...
[mvelo’]...
['mveloap']...
['mveloml']...
['mfreq’]...
[mfreqap]...
['mfregml]...
['areacc’]...
['areasway']...
['areace']...
[FD_ccl...
[FD_ce']...
['power']...
['powerap']...
['powerml...
['pfreq507...
['pfreq50ap...
['pfreg50mlT...
['pfreq957...
['pfreq95ap’]...
['pfreq95ml’]...
['cfreq']...
['cfreqap’]...
[‘cfregmlT]...
[freqdT...
[freqdap...
[freqdml']};

Hf = [Hf H];
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xIswrite(['QS_Analysis_sum_',char(trial),'xIs'],Hf,'Sheet1','A1");
xlswrite(['QS_Analysis_mean_',char(trial),'.xIs"],Hf,'Sheet1','A1");
end

xlswrite(['QS_Analysis_sum_',char(trial),'.xIs"],cellstr(subject),'Sheet1',['A’,num2st
r(row_write)]);
xlswrite(['QS_Analysis_sum_',char(trial),.xIs",qsmetricsf_sum,'Sheet1',['B',num2s
tr(row_write)]);

xIswrite(['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:\data\’;
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
fori=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

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



191
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:DAT_DATA_SIZE-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_SIZE,3) =
filtit(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_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) =
filtfiltSMOOTH_FILTER.tf.num,SMOOTH_FILTER.tf.den,temp(3:DAT_DATA_SI
ZE 8));

% Add Acceleration

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



192

dat(1:DAT_DATA_SIZE,5) = smdat(1:DAT_DATA_SIZE,6);
% Add Differentiated Jerk

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_SIZE,6) =
filtilt(SMOOTH_FILTER.tf.num,SMOOTH_FILTER.tf.den,temp(2:DAT_DATA_SI
ZE 3));

% 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);
% Add APCOP

% Add APCOP Velocity

% Add MLCOP

% Add MLCOP Velocity

% 'Calculating COPs'
fpcal = calmod(cal);

[temp(:,13),temp(:,15),dat(:,9)] =
apmicop(smdat(:,1),smdat(:,2),smdat(:,3),smdat(:,4),fpcal);

% 'APCOP & MLCOP'

fori=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-3) =
filtfilt(SMOOTH_FILTER.tf.num,SMOOTH_FILTER.tf.den,temp(1:DAT_DATA Sl
ZE,)));
end

temp(2:DAT_DATA_SIZE,14) = (dat(2:DAT_DATA_SIZE,10)-
dat(1:DAT_DATA_SIZE-1,10))./SAMPLING_RATE;
temp(2:DAT_DATA_SIZE,16) = (dat(2:DAT_DATA_SIZE,12)-
dat(1:DAT_DATA_SIZE-1,12))./SAMPLING_RATE:
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fori= 14:2:16

minitavg(i) = initavg(temp,i);

temp(2:DAT_DATA_SIZE,i) = temp(2:DAT_DATA_SIZE,i)-minitavg(i);

dat(2:DAT_DATA_SIZE,i-3) =
filtfiltSMOOTH_FILTER.tf.num,SMOOTH_FILTER.tf.den,temp(2:DAT_DATA_SI
ZE,)));
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

% ADD RMS EMG RTA
% ADD RMS EMG RGS
% ADD RMS EMG LTA
% 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,));
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

fori=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-(-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
fori=16:COLs
% Follows convention that Even number are on the right side
if mod(i,2) ==
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);
xIspread(1,1:COLs+5)=A(1,1:COLs+5);
xIspread(2:DAT_DATA_SIZE+1,1:COLs+5)=numZ2cell(dat);

% Writes File
mkdir([Loc_Processed,subject,'\',subject,’ 'trial, \ENGRUNITS\)
cd([Loc_Processed,subject,\',subject,’ ' trial \ENGRUNITS\);

xIswrite([subject,’_'.trial,’_',rawid],xIspread,'Sheet1','A1");

%********************************

%*****Tekscan .fsx processing Weight Even
tekdir=[Loc_Processed,subject,\',subject,' ' trial,\Tekscan\'];

[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)=num2celi(tekdat);
xiswrite([subject,' ',trial,’ ',rawid],tekspread, TekscanEW1''A1"),

96********************************

96********************************

%*****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);

xIswrite([subject,' ',trial,’ ' rawid],tekspread, TekscanToes','A1");

96********************************

96********************************

%*****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','A1");

96********************************

96********************************

%*****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");

96********************************

96****************************************

%****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''A1");

96****************************************

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
g,noise_amp,sumd,sinusoid_setup, TEKSCAN_SAMP,PEAK_NUM)

Loc_Processed = 'E:\data\’;

Accel CF =1;

Shear_CF =-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);

96***************************************
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%****Sum File Writer
% Header Setup
filenamesum=[Loc_Processed,subject,\',subject,' ',trial, \ENGRUNITSV,subject,'
"trial,’ '"rawid," F'freq,’ sum’;
if trialnum ==
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 > 16
for i=16:COLs
% Follows convention that Even number are on the right side
if mod(i,2) ==
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
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)=numZ2celi(sta_avg);
fsumh=cell(3,10);
fsumh(1,1:6)={flenamesum ' ' '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)=numZ2cell(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");
xIswrite(filenamesum,avg_h,'AVG','A1");
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end

%*******************************************

% Zero Baseline
% 5to15
fori=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_DATA_SIZE-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) =
filtilt(SMOOTH_FILTER.tf.num,SMOOTH_FILTER.tf.den,temp(2:RAW_DATA_SI
ZE7));

% 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,B) =
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
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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,)));
end

temp(2:RAW_DATA_SIZE,14) = (dat(2:RAW_DATA_SIZE,10)-
dat(1:RAW_DATA_SIZE-1,10))./SAMPLING_ RATE;
temp(2:RAW_DATA_SIZE, 16) = (dat(2:RAW_DATA_SIZE,12)-
dat(1:RAW_DATA_SIZE-1,12))./SAMPLING RATE;

fori= 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,));
end

% Head Accel X
% Head Accel Y
% Head Accel Z
fori=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) ==
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=celRAW_DATA _ SIZE+1,COLs+5);
xlspread(1,1:COLs+5)=A(1,1:COLs+5);
xIspread(2:RAW_DATA_SIZE+1,1:COLs+5)=num2cell(dat);

% Writes File

cd([Loc_Processed,subject,\',subject,' ',trial, \ENGRUNITS\);
if (trialnum<10)
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xlswrite([subject,' 'trial,' 'rawid,' F'freq,'_0',num2str(trialnum)],xIspread,'Sheet1"
JA1Y);
else

xIswrite([subject,’ 'trial,' 'rawid,' F',freq,"_',num2str(trialnum)],xlspread,'Sheet1';'
ATY);
end

96********************************

%****Sum File Writer
% Add Trial Information

fsumd=cell(1,10});
fsumd(1,1)=numZ2cell(trialnum);
fsumd(1,2:7)=num2cell(sumd(1:6));
switch sumd(1)
case0
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,’ " trial,’_',rawid,num2str(sumd(7),'%04d")]};
fsumd(1,10)={[subject,' ' trial,’_',rawid,num2str(PEAK_NUM,'%04d")]};
xlswrite(filenamesum,fsumd,'Sheet1',['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)));

96********************************

96********************************

%*****Tekscan .fsx processing

tekdir=[Loc_Processed,subject,\',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)=num2cell(tekdat);
xIswrite([subject,' ',trial,’ ' rawid,’ F',freq,' ',num2str(trialnum,'%02d")],tekspread,’
Tekscan','A1');

96********************************

96****************************************

%****Tekscan Sum File

teksum=cell(1,2);

teksum(1,:)={[subject,' 'trial,"_',rawid,num2str(sumd(7),'%04d")] [ Threshold Trial
', num2str(trialnum),' at ', freq, ' Frequency']};

cd(tekdir);

xlswrite([subject,’ ',trial,’ 'rawid,"_tekscan_sum'),teksum,'Sheet1',['A",num2str(su
md(7)+1)]);

96****************************************

% 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 xIspread

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:\data\;

Accel CF =1;

Shear_CF =-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

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



204

flenamesum=[Loc_Processed,subject,\',subject,’ " trial \ENGRUNITSY,subject,’
"“trial,’ 'rawid,' sum'];
if trialnum ==
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) ==
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
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)={flenamesum ' ' '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','A1");

end

%************************************

% Zero Baseline
fori=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=filtfit(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 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:LOCK_DATA_SIZE.,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_
SIZE,}));
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;

fori= 14:2:16
minitavg(i-12) = mean(temp(.,i));
temp(2:LOCK_DATA_SIZE,i) = temp(2:LOCK_DATA_SIZE,i)-minitavg(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
for i=16:COLs
% Follows convention that Even number are on the right side
if mod(i,2) ==
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,'\',subject,’ ' trial, \ENGRUNITS\"));
save([subject,’ ' trial,’ 'rawid,’ '|Freq,’'_sta",'dat");

for i=1:(LOCK_DATA_SIZE-5000)/60000+1
ifi ==
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

xIswrite([subject,’ ' trial,’ 'rawid,' 'Freq,' sta"],xlspread,['Sheet',num2str(i)],'A1");
clear xlspread

end

96********************************

%****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,’_lock',"),num2str(sumd(3),'%04d")]};
fsumd(1,6)={[subject,’_' trial,’ ' strrep(rawid,'_lock',"),num2str(PEAK_NUM,'%04d’
Ik;

xlswrite(filenamesum,fsumd,'Sheet1',['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)]);

96********************************

96********************************

%*****Tekscan .fsx processing
tekdir=[Loc_Processed,subject,\',subject,’ ' trial,\Tekscan\'];

[tekdat, feetcop, '
pweight]=tekmat_processor([tekdir,subject,’ 'trial,' ' strrep(rawid,’_lock’,"),num2s
tr(sumd(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);
xIswrite([subject,’_'.trial,’ 'rawid,’ ',Freq," sta'l,tekspread, Tekscan','A1");

96********************************
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96****************************************

%****Tekscan Sum File

teksum=cell(1,2);

teksum(1,:)={[subject,' ' trial,' ',strrep(rawid,'_lock',"),num2str(sumd(3),'%04d")]
[Threshold Trial ', num2str(trialnum),' at ', Freq, ' Frequency']};

cd(tekdir);

xlswrite([subject,’_',trial,' ',strrep(rawid,' lock',"),'_tekscan_sum’],teksum,'Sheet1’,
['A',num2str(sumd(3)+1)]);

96****************************************

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
CAN_SAMP)

Loc_Processed = 'E:\data\’;

Accel CF =1;

Shear_CF =-110;
load('SMOOTH_FILTER.mat');
SAMPLING RATE =0.001;
[STA_DATA_SIZE,COLs]=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
fori=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_SIZE-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);
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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_DATA_SIZE-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);
% Add APCOP

% Add APCOP Velocity

% Add MLCOP

% Add MLCOP Velocity

% 'Calculating COPs'
fpcal = calmod(cal);

[temp(:,13),temp(;,15),dat(:,9)] =
apmlicop(smdat(:,1),smdat(:,2),smdat(:;,3),smdat(;,4),fpcal);

% 'APCOP & MLCOP'

fori=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,));
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:STA_DATA_SIZE-1,11))./SAMPLING_RATE;

fori= 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

% 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

% 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);
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

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



214

% Follows convention that Even number are on the right side
if mod(i,2) ==
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,\',subject,' ' ,trial, \ENGRUNITS\);
xIswrite([subject,’ ',trial," 'rawid,' ',Freq,'_sta"],xIspread,'Sheet1''A1");

96********************************

%*****Tekscan .fsx processing

tekdir=[Loc_Processed,subject,'\',subject,’ ',trial,\Tekscan\;

[tekdat, feetcop,
pweight]=tekmat_processor([tekdir,subject,’ ' trial,’ ',strrep(rawid,’ QS',"),num2st
r(teknum,'%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);
xIswrite([subject,’_',trial,’ 'rawid,’ ',Freq, ' sta'],tekspread,' Tekscan','A1");

96********************************

96****************************************

%****Tekscan Sum File
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teksum=cell(1,2);

teksum(1,:)={[subject,' ' trial,' ' strrep(rawid,’ QS',"),num2str(teknum,'%04d")]
['QS Trial for ', Freq, ' Frequency'l};

cd(tekdir);

xIswrite([subject,' 'trial,’ ',strrep(rawid,’” QS',"),"_tekscan_sum',teksum,'Sheet1',
'‘A',num2str(teknum+1)]);

%****************************************

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] = apmicop(l1,12,13,14,fpcal)

%calculating Ap-COP and MI-COP
FP1=I1-fpcal(1);
FP2=I2-fpcal(2);
FP3=I13-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 -39.92KG/V

%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 mcal;

% Calculates the initial average
% By averaging first 180 Data points
function a = initavg(d,i)

% dis array

% iis 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:\data\’;

freq_spec = figure;
STA_DATA_SIZE = size(dat,1);

i=1;

while 27i < STA DATA SIZE
n=2Mi;

i=i+1;

end

Upper_Freq_Limit=1;
Lower_Freq_Limit=.1;

m=n/2;
fs=1000;
fc=fs/2;

f=1fc* (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).22);

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)));

PAPCOPF(m+2:n)=[1];
PAPCOPF(2:m+1) = 2*PAPCOPF(2:m+1);
plot(f(Hzp10:Hz2p5),PAPCOPF(Hzp10:Hz2p5),'Marker','o")
thresh = -30; %Threshold for detection of peaks
% Summary (sum total and number) of all detected, to calculate average
mxtot=0;
nn=0;
peak Freq =[];
peak_a =[];
peak_b =[J;
fori=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+tHzp10-1)];
temp_a = [f(c+Hzp10-1); mx];
peak a = [peak_atemp_aj;
temp_b = [f(c+tHzp10-1) mx];
peak b = [peak_b temp_b];
L OK=1;
R_OK=1;

L_x = c+Hzp10-1;
R_x = c+Hzp10;
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PAPCOPF(c+Hzp10-1)=thresh;
old I=mx;

if c+Hzp10-1<=Hzp10
L_OK=0;

end

old_r=mx;

if ctHzp10-1>=Hz2p5
R_OK=0;

end

while L_OK
if PAPCOPF(L_x) <= old_|
old | =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')],...
'verticalalignment','top')
title([subject,rawid,' QS Frequency Power'])
xlabel ('Frequency (Hz)')
ylabel ('Power (dB)')
set(gca,'XScale','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,'verticalalignment','top')

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(hum2str(peak_a(2,:)"));
text(0.6918,peak_a(2,1),str_arr_p,'verticalalignment','top')

axis([Lower_Freq_Limit Upper_Freq_Limit -100 0])
drawnow

cd([Loc_Processed,subject,'\',subject,' ",trial, \ENGRUNITS\7);

saveas(freq_spec,[subject,' 'trial,' 'rawid,' freq_spec dB.jpg");

saveas(freq_spec,[subject,’ 'trial,' ';rawid,’_freq_spec_dB.emf");

hgsave(freq_spec,[subject,’ ' trial,' '",rawid,’ freq_spec_dB');

xIspread=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]);

xIswrite([subject,’ ',trial,’ 'rawid,’_freq_spec_dB.xls'],xlspread,'Sheet1''A1");
else

xlspread=cell(2,3);

xlspread(1,:)={"Threshold' 'Max Peak' 'Total Power};

xispread(2,:)=num2cell([thresh max(PAPCOPF(Hzp10:Hz2p5)) tot_pow]);

xiswrite([subject,' ',trial,’ 'rawid,'_freq_spec_dB.xIs'],xlspread,'Sheet1','A1");
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 ff

function QSmetrics(subject,rawid,trial, nove,row,dat)
Loc_Processed = 'E:\data\’;

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(MLCOPY)));

%calculation of total excursion

m=length(APCOP)-1;
totex=sum(sgrt(((APCOP(2:m+1)-APCOP(1:m)).*2)+((MLCOP(2:m+1)-
MLCOP(1:m)).*2)));

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);
mvelomi=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(ML.COP);

rngap=range(APCOP);

rngml=range(MLCOP);
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%calculate the 95% confedence circle area
areacc=pi*(mdist+1.645*(sqrt(rdist*2-mdistA2)))*2;

%calculate the 95% confidence ellipse area
stddevapml=(sum(APCOP.*MLCOP))/(length(APCOP));
areace=2"pi*3*(sqrt(stddevap”2*stddevml*2-stddevapml*2));

%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);
mfregml=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(rdist*2-mdist*2))));
FD_cc=log10(length(APCOP))/log10((length(APCOP)*dcc)/totex);

%calculate fractal dimension based on 95% Confidence Ellipse
dce=sqrt(8*3*sqrt(stddevap”2*stddevmi*2-stddevapmi*2));
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)>2%i
i=i+1;
end
nfft=24i;
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);
GmI=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.2);

% powerml=sum(MLCOP.*2);

%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');
pfreq50mi=f(2)*find(cumsum(Gml(LPS:HPS))>=powerm|*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(GmI(LPS:HPS))>=powerm|*0.95,1,first');
%Calculates centroidal frequency
cfreq=(sum((((LPS:HPS)*df).A2).*G(LPS:HPS)')/power).*0.5;
cfreqap=(sum((((LPS:HPS).*df).*2).*Gap(LPS:HPS)')/powerap).*0.5;
cfregml=(sum((((LPS:HPS).*df).A2).*Gmi(LPS:HPS)')/powerml).*0.5;
%calculates frequency dispersion

freqd=(1-
sum(((LPS:HPS).*df).*G(LPS:HPS)"Y*2/(power*sum((((LPS:HPS).*df).A2).*G(LPS
:HPS)")))*0.5;

freqdap=(1-
sum(((LPS:HPS).*df).*Gap(LPS:HPS))*2/(powerap*sum((((LPS:HPS).*df).A2).*G
ap(LPS:HPS)')))*0.5;

freqdml=(1-
sum(((LPS:HPS).*df).*GmI(LPS:HPS)")*2/(powermi*sum((((LPS:HPS).*df).A2).*G
ml(LPS:HPS)')))*0.5;

% 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 mfregap mfreqml areacc areasway areace FD_cc
FD_ce power powerap powerml pfreq50 pfreq50ap pfreq50ml pfreq95 pfreq95ap
pfreq95ml cfreq cfreqap cfreqml freqd freqdap freqdmi};
cd([Loc_Processed,subject,'\',subject,' ' trial, \ENGRUNITS\);
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if row==

H = {'Move' 'meanrd’ 'meanap' 'meanml' 'stddevrd' 'stddevap' 'stddevml' 'rng'
'rngap' 'rngml' 'mdist’ 'mdistap' 'mdistml' 'rdist' 'rdistap’ 'rdistml' ‘totex’ 'totexap'
"totexml' 'mvelo’ 'mveloap’ 'mveloml’ 'mfreq' 'mfreqap’ 'mfregml’ ‘areacc'
‘areasway' 'areace' 'FD_cc' 'FD_ce' 'power’ 'powerap' 'powerml’ 'pfreq50’
'pfreq50ap’ 'pfreg50ml' '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.xIs'],output,'Sheet1',['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) ==
i=i+1;
=0;
while badr(i+j)+1 == badr(i+j+1)
=i+,
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)
=i
end
for c=length(badr):-1:j
m_data(:,:,badr(c))=m_data(:,:,badr(j)-1);
end
badr=badr(1:j-1);
end

while i < length(badr)
i=i+1;
% Eliminates other bad frames
i=0;
flg_badc=1;
while i+j<length(badr) && flg_badc
if badr(i+j)+1 == badr(i+j+1)
flg_badc=1;
=i,
else
flg_badc=0;
end
end

for c=i:i+;
m_data(:,:,badr(c))=(m_data(:,:,badr(i)-1)*(i+j-
c+1)+m_data(:,:,badr(i+j)+1)*(c-i+1))./(j+2);
end
i=i+j;
end
end

96********************************************************

96********************************************************

% Eliminate stray cells

%

%1711 3 |_19]_25]
%|_16|_10] 2 | 18] 24|
%l | | | ||
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%| 716 | 1 |89
%| | | |1
) I I
%|_15]_12| 4 |
%]|_14|_13| 5 I
%
% 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 ¢ 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);

% fori=1:m_Rows
%

% for j=1:m_Cols

% 1
ifi>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-
1,5,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;
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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+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;
% 2
elseif i > 1 && i < m_Rows-1 && j > 2 && j < m_Cols-1
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 && 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;
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
elseifi==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(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 = 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;
%4
elseifi > 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(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-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(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;
D=1,
E=1;
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%6
elseifi > 2 && i < m_Rows-1 && j > 1 && j <m_Cols-1

A = 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-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)==
&& 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
elseifi > 2 && i < m_Rows-1 && 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(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;

%8
elseifi >2 && i <m_Rows-1 && 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 && 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(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;

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+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;

%9
elseif i > 2 && i <m_Rows-1 && 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,,k)==0;
C = m_data(i,j-2,k)==0 && m_data(i,j-1,k)==0 && m_data(i,j,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+2,j-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(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;

%11
elseifi == 1 && i < m_Rows-1 && j > 1 && j < m_Cols-1

A=1;

B=1;

C = m_data(i,j-1,k)==0 && m_data(i,j,k)~=0 && m_data(i,j+1,k)==
&& 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;

%12
elseifi >2 && i <m_Rows && j > 1 && j <m_Cols-1

A = 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-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=1;

%13
elseifi >2 && i ==m_Rows && j > 1 && j < m_Cols-1
A = 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-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(i,j,k)~=0 && m_data(i,j+1,k)==
&& m_data(i,j+2,k)==0;
D=1;
E=1;

%14
elseifi > 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(i,j+1,k)==0 && m_data(i,j+2,k)==0;
D=1;
E=1;
%15

elseifi >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(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=1;

%16
elseifi > 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+1,k)==0 && m_data(i-
1.j+2,k)==0;

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+2,j+2,k)==0;

%17
elseifi == 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+2,j+2,k)==0;
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%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-
1,5,K)==0 && m_data(i-1,j+1,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;

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+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;

%19
elseifi == 1 && i <m_Rows-1 && j > 2 && j <m_Cols

A=1;

B=1;

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;

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+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;

%20
elseifi>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 && 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(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;

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
elseifi > 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 && 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(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;

D=1;

E=1;
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%22
elseifi >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(i,j-2,k)==0 && m_data(i,j-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)==

E=1;

%23
elseifi >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-

Z’J.'k)__o’ B = m_data(i-1,j-2,k)==0 && m_data(i-1,j-1,k)==0 && m_data(i-
== C = m_data(i,j-2,k)==0 && m_data(i,j-1,k)==0 && m_data(i,j,k)~=0;
e
%24
elseifi > 1 && i <m_Rows-1 &&j>2 && j==m_Cols
. B :n’_data(i—1 j-2,K)==0 && m_data(i-1,j-1,k)==0 && m_data(i-
JK)==

C = m_data(i,j-2,k)==0 && m_data(i,j-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 = m_data(i+2,j-2,k)==0 && m_data(i+2,j-1,k)==0 &&
m_data(i+2,j,k)==0;

%25
elseifi==1 && i <m_Rows-1 && j> 2 && j == m_Cols

A=1;

B=1;

C = m_data(i,j-2,k)==0 && m_data(i,j-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 = m_data(i+2,j-2,k)==0 && m_data(i+2,j-1,k)==0 &&
m_data(i+2,j,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
ifA&&B&& C && D && E
m_data(i,j,k)=0;
end
end
end
end
end

96***********************************************************

96***********************************************************

% 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=ROWSs"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; MLCOPY];
dat=dat.”5.08; % Conversion to mm

96***********************************************************

96*****************************************************

% 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_side left 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_side_left 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);

rightfoot=zeros(right_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)==
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)==
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_side_left_foot)]);
elseif min(right_side_left_foot)==
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_side_left foot)
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)]);
end

if min(right_side_right_foot)==0 && min(back_side_right foot)==
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)==
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)==
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)==
leftfoot=zeros(10,10,size(leftfoot,3));
end

if size(rightfoot,1)==1 || size(rightfoot,2)==

rightfoot=zeros(10,10,size(rightfoot,3));
end
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96***********************************************************

% Vectorized Calculation of APCOP and MLCOP for Each Foot
rower(1:m_frame)=1;

R_COLs=1:size(rightfoot,2);
R_ROWSs=1:size(rightfoot,1);

R_COLs_3d=R_COLs"rower;
R_ROWs_3d=R_ROWSs"rower;

L_COLs=1:size(leftfoot,2);
L_ROWs=1:size(leftfoot,1);

L_COLs_3d=L_COLs"rower;
L_ROWSs_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_ROWSs_3d),1)./sum(squeeze(
sum(rightfoot,Y_AP)),1);

feetcop=[RAPCOP; RMLCOP; LAPCOP; LMLCOPY;
feetcop=feetcop.*5.08; % Conversion to mm

96*****************************************************

96*****************************************************

% 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’, 'rm_data', 'm_Rows', 'm_Cols',
'leftfoot’, 'rightfoot', 'm_frame', '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 ROWSs rower COLs_3d ROWs_3d APCOP MLCOP
rm_data

clear RMLCOP RAPCOP LAPCOP LMLCORP totalweight leftweight rightweight
clear pleftweight prightweight R_ COLs R_ROWs L_COLs L_ROWs R_COLs_3d
clear R_ROWSs_3d L_COLs_3d L_ROWSs_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 footrcvAB CD E mn sr hsr

clear hsc dr xr badr rhsr rhsc k

function [ m_data, m_Rows, 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
pause(0.1)

end

fid = fopen( filename, 'r');

if (fid ==-1)
error(['File ' filename ' not found");
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end

bd = fread( fid, Inf) ;

bdi=1;

fclose(fid);

head =";

b=0;

while (b ~= NORMAL_HEADER_END_MARK && b ~=

HISPEED_HEADER_END_MARK)
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 ;

m_Rows = str2double( exstr( head, 'ROWS')) ;
m_Cols = str2double( exstr( head, 'COLS")) ;
m_RowSpacing = str2double( exstr( head, 'ROW_SPACING")) ;
m_ColSpacing = str2double( exstr( head, 'COL_SPACING")) ;
% m_DesiredAspect = str2double( exstr( head, 'DESIRED_ASPECT"));
m_SenselArea = str2double( exstr( head, 'SENSEL_AREA"));

% m_NoiseThreshold = 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, 'FRAME_INFQ"));

m_CAL_FPI_1 = str2double( exstr( head, 'CAL_FPI_1');

m_CAL_RPI_1 = str2double( exstr( head, 'CAL_RSI_1");

m_Units = exstr( head, 'UNITS');

m_frame = m_FramesFromHeader;
if(m_Units(1) =="r")
calflag = 0;

end

if ( calflag==0)
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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
m_Cols
m_Rows
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return;
%error('Bad Location Data: 1');
else

t_elements = bd(bdi);
bdi=bdi+1 ;
if (>=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 ( >=3000)

%disp(['i = ' num2str(i)]);

%disp(['Row ="' num2str(r) ' Col ="' num2str(c)]);
end

sensel = bd(bdi) ;
bdi=bdi+1 ;
sensel = scale * (sensel*exponent) ;

if ( >=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 I= 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

m_Cols

m_Rows

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*m _Cols;
sensel = bd(bdi) ; bdi=bdi+1 ;
sensel = scale * (sensel*exponent);
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_OF 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 ~=
MOVIE_END_OF FRAME
error('‘Bad frame info')
end
end % /** end if hi '= MOVIE_END_OF_FRAME **/
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 $
%

% Rev1.1 Sep 202000 16:44:18 FCHEN

% Modified to read the movies with frameinfo and muliti-tile
% calibration info. Use the first tile cal info as the whole.
%

% Rev1.0 Sep 192000 15:16:14 FCHEN

% Initial revision.

function str = exstr( line, s1)

i = findstr( line, s1);

if ( length(i)>0)
start = i + length(s1(1,))) + 1;

j = start ;
¢ = line(j) ;
while( ~isspace(c))
j=j+1;
c = line(j) ;
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/exstrm_v $

%

% Rev1.1 Sep 202000 16:15:08 FCHEN

% Fixed the bug of extracting extra 2 chars.

%

% Rev 1.0 Sep 192000 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
fls_alm = 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 5001)

titte('mPEST 2% Rule')

% hist02h3y1n2r3 = figure;

% hist(stoprulesh3y1n2r3(1:s,1),edges)
% axis([0 500 0 1500])

histc05 = figure;
histcO5v=histc(stoprules(1:s,2),edges);
bar(edges,histc05v)

axis([0 1000 0 500])

titte('mPEST 5% Rule")

% hist05h3y1n2r3 = figure;

% hist(stoprulesh3y1n2r3(1:s,2),edges)
% axis([0 500 0 1500])

% hist80h = figure;
% histc(stoprulesh(1:s,3),edges)

% --- Calculate summary statistics

% y_mean = 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)
save('mPEST")

function [Amps,stoprules] = mSIAM_Implemented(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;
fori=1:s

ttot=ttot+it;

tic

waitbar(i/s,h1,{['Monte Carlo Simulation of mSIAM_shr_Implemented
',num2str(s),’ subjects.”] [Estimated time remaining: ',num2str(ttot/i*(s-
1)/60,'%6.2f)]});

=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;

crvrsi = 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
waitbar(j/n,h2,{['Monte Carlo Simulation of subject: ',num2str(i),' Trial:
' num2str(j),] ['2% Flag: ',num2str(fig02), ' 5% Flag: ',num2str(flg05), ' Average
Stop: ', num2str(mean(stoprules(1:i-1,1))1});
end
if x(j,i) ~=3

ifj >1
none_3_indx = 1;
last_none_3 = 3;
while last_none_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

ifj>2 && j > none_3 indx
nlast_none_3 = 3;
while nlast_none_3 ==
if x(j-none_3_indx,i) ~=3
nlast_none_3 = x(j-none_3_indx,i);
end

none_3 indx = none_3 indx + 1;
if j-none_3_indx == 0 && nlast_none_3 ==

nlast_none_3 = -1;
end

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



248

end
end
(yo**************Current HIT
if >2 && x(j,i) ==
switch last_none_3
case 0
if rvrsl >=2
switch nlast_none_3
case 0
if hit_jump == 1
newincr=newincr*2;
end
case 1
newincr=newincr/2;
rvrsl = rvrsi+1;
crvrsl= crvrsi+1;
case 2
newincr=newincr/2;
rvrsl = rvrsi+1;
crvrsl= crvrsl+1;
case -1
otherwise
error(['Bad Program: O : ',num2str(last_none_3)])
end
else
newincr=newincr*2;
end

case 1
if rvrsl < 2
rvrs! = rvrsl+1;
crvrsl= crvrsi+1;
end
case 2
if rvrsl <2
rvrsl = rvrsi+1;
crvrsl= crvrsi+1;
end
case -1

otherwise
error(['Bad Program: 0 : ',num2str(last_none_3)})
end
end
Yo**rrrrrxx*END of Current HIT
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if >2 && x(j,i)==
switch last none 3
case 0
if rvrsl >=2
if hit_jump
newincr=newincr/2;
end
else
if nlast_none_3 ==
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

if >2 && x(j,i)==
switch last_none_3
case 0
if rvrsl >=2
if hit_jump
newincr=newincr/2;
end
else
if nlast_none_3 ==
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;
crvrsi=0;
end
switch x(j,i)
case 0
if j>1
if last_none_3 ==
if rvrs| >=2
if nlast_none 3 ==
if newAmp-+newincr*hit < 0
newincr=newAmp/2;
end
newAmp=newAmp+newincr*hit;
hit_jump=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+newincrhit;
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-+newincrhit;
end
case 1
newAmp=newAmp-+newincrmiss;
hit_jump=0;
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case 2
newAmp=newAmp-+newincr*fls_alm;
hit_jump=0;

case 3
newAmp=newAmp-+newincrcor_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)==
% hits=hits+1;
% end
% end
% end
% if total > hit_total
% if hits/total > 0.8
% stoprules(i,3)=j;
% flghits=1;
% end
% end
% if fighits && flg02 && fig05s
% 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 && filg05
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flg=1;
end
=i+,
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(h1);

function [Amps,stoprules] = mSIAM_shr_Implemented(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 mSIAM_shr_Implemented ',num2str(s),’
subjects']);
tt=0;
ttot=0;
fori=1:s

ttot=ttot-+tt;

tic

waitbar(i/s,h1,{[Monte Carlo Simulation of mSIAM_shr_Implemented
',num2str(s),’ subjects.’] [Estimated time remaining: ',num2str(ttot/i*(s-
i)/60,'%6.2f)]});

=1,

% Flag that stops while loop

flg=0;

% Flag that indicates when 2% rule met
flg02 = 0O;

% Flag that indicates when 5% rule met
flg0s = 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(fig02), ' 5% Flag: ',num2str(fig05), ' Average
Stop: ', num2str(mean(stoprules(1:i-1,1)))1});
end

96***************************************

%***  Simulated Human Response CODE

if x(j,i) ==
prob = newAmp*3/thresh;
if rand < prob
x(j,i)=0;
end
end

96***************************************
if x(j,i) ~= 3
if j >1
none_3_indx = 1;
last none_3 = 3;
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while last none 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 ==
last_none_3 =-1;
end
end
end

ifj > 2 && j > none_3_indx
nlast_none_3 = 3;
while nlast_none_3 ==
if x(j-none_3 _indx,i) ~=3
nlast_none_3 = x(j-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
end

end
%**************Current HIT
if >2 && x(j,i) == 0
switch last_none_3
case 0
if rvrsl >=2
switch nlast_none_3
case 0
if hit_jump ==
newincr=newincr*2;
end
case 1
newincr=newincr/2;
rvrsl = rvrsl+1;
crvrsl= crvrsi+1;
case 2
newincr=newincr/2;
rvrst = rvrsi+1;
crvrsl= crvrsi+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 = rvrsi+1;
crvrsl= crvrsl+1;
end
case 2
if rvrsl < 2
rvrsl = rvrsi+1;
crvrsl= crvrsi+1;
end
case -1

otherwise
error(['Bad Program: 0 : ',num2str(last_none_3)])
end
end
Yp****xxxsx**END of Current HIT

if >2 && x(j,i)==
switch last_none_3
case 0
if rvrsl >=2
if hit_jump
newincr=newincr/2;
end
else
if nlast_none_3 ==
newincr=newincr/2;
end
end
rvrsl = rvrsl+1;
crvrsl= crvrsi+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 >2 && x(j,i)==
switch last_none 3
case 0
if rvrsl >=2
if hit_jump
newincr=newincr/2;
end
else
if nlast_none_3 ==
newincr=newincr/2;
end
end
rvrsl = rvrsl+1;
crvrsi= 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;
crvrs|=0;
end
switch x(j,i)
case 0
if j>1
if last_none_3 ==
if rvrsl >=2
if nlast_none 3 ==
if newAmp+newincr*hit < 0
newincr=newAmp/2;
end
newAmp=newAmp-+newincr*hit;
hit_jump=1;
else
if newAmp+newincr*hit < 0

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



257

newincr=newAmp/2;
end
newAmp=newAmp-+newincr*hit;
end
else
if newAmp+newincr*hit < 0
newincr=newAmp/2;
end
newAmp=newAmp-+newincrhit;
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;
hit_jump=0;
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

% for k = 1:j+1

% if y(k,i)==newAmp
% total=total+1;

% if x(k,i)==

% hits=hits+1;
% end

% end

% end

% if total > hit_total
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% if hits/total > 0.8

% stoprules(i,3)=j;

% fighits=1;

% end

% end

% if fighits && fig02 && fig05
% flg=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 fig02 && flg05
filg=1;
end
=i+t
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(h1);

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),’
subjects’]);

fori=1:s

waitbar(i/s,h1);

=1

flg=0;

fighits = 0;

flgcor = 0;

fig02 = 0;

flgos = 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)]});

|fj ==
if x(j,i) < 2
newAmp = newAmp + newincr;
end
end
if >1 && j<=10
if x(j,i) > 1
if x(j-1,i) > 1
if figcor ==
newincr = newincr*2;
elseif flgcor ==
newincr = newincr/2;
end
flgcor = 1;
if (newAmp - newincr) <0
newincr = newAmp/2;
end
newAmp = newAmp - newincr;
end
else
if figcor ==
newincr = newincr*2;
end
newAmp = newAmp + newincr;
flgcor = 0;
end
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end
ifj>10
if x(j,i) > 1
if x(j-1,i) > 1
if x(j-2,i) > 1
if flgcor ==
newincr = newincr*2;
elseif flgcor ==
newincr = newincr/2;
end
flgcor = 1;
if (newAmp - newincr) <0
newincr = newAmp/2;
end
newAmp = newAmp - newincr,;
end
end
else
if figcor ==
newincr = newincr*2;
end
newAmp = newAmp + newincr;
flgcor = 0;
end
end

% fork = 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;
% fighits=1;

% end

% end

% if fighits && fig02 && fig05s
% flg=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 && figos
flg =1,
end
=i,
end
if j>n
if flg02 ~=1
stoprules(i,1)=j;
stoprules(i,3)=newAmp;
end
if fig05 ~=1
stoprules(i,2)=j;
stoprules(i,4)=newAmp;
end
end
close(h2);
end
close(h1);

function [Amps,stoprules] = 2IFCmPESTh_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’);

fori=1:s
waitbar(i/s,h1);
=1;
flg=0;
flgcor = -1;
fig02 = 0;
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flg0s = 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)))]});

96***************************************

%*** Simulated Human Response CODE
if x(j,i) < 2
prob = newAmp*3/thresh;
if rand < prob
if x(j,i) ==
x(j,i)=2;
end
if x(j,i) ==
x(1,1)=3;
end
end
end
96***************************************
|f_| ==
if x(j,i) < 2
newAmp = newAmp + newincr;
end
end
if >1 && j<=10
if x(j,i) > 1
if x(j-1,1) > 1
if figcor ==
newincr = newincr*2;
elseif flgcor ==
newincr = newincr/2;
end
flgcor = 1;
if (newAmp - newincr) <0
newincr = newAmp/2;
end
newAmp = newAmp - newincr;
end
else
if figcor ==0
newincr = newincr*2;
end
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newAmp = newAmp + newincr;
flgcor = 0;
end
end
ifj>10
if x(j,i) > 1
if x(-1,i) > 1
if x(j-2,i) > 1
if figcor ==
newincr = newincr*2;
elseif flgcor ==
newincr = newincr/2;
end
flgcor = 1;
if (newAmp - newincr) <0
newincr = newAmp/2;
end
newAmp = newAmp - newincr;
end
end
else
if flgcor ==
newincr = newincr*2;
end
newAmp = newAmp + newincr;
flgcor = 0;
end
end

% fork = 1:j+1

% if y(k,i)j==newAmp
% total=total+1;

% if x(k,i)==

% hits=hits+1;
% end

% end

% end

% if total > hit_total

% if hits/total > 0.8
% stoprules(i,3)=j;
% fighits=1;

% end

% end

% if fighits && fig02 && flg05
% fig=1;

% end
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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
flg=1;
end
=i,
end
if j>n
if fig02 ~=1
stoprules(i,1)=;
stoprules(i,3)=newAmp;
end
if flg05 ~=1
stoprules(i,2)=j;
stoprules(i,4)=newAmp;
end
end
close(h2);
end
close(h1);

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



APPENDIX P

ANKLE MODEL MATLAB® CODE

265

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



266

% main_Ankle.m
clear all
clear classes

global DEBUG_F Project_Folder Picture_Folder BW_flg Color_fig Grayscale_flg
File_Folder sim_name

Picture_Folder='Ankle_Pictures_Grayscale\’;

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;

finm="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]);
% l4=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)

%ij=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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write_limb_joint _info(rfoot,flnm);

% Rotate To position 0

disp('Position ")

rfoot=build_v3(rfoot,0);
write_vertices_rotation(rfoot,0,0,0,finm,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,filnm,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,'rotate_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\Muiti-Linked Systems';
addpath Project_Folder
DEBUG_F =0;

% Setup Limbs by length, width and height
% Along repective axis as follows:
% X 'y z

11=limb([100 40 40]);
12=limb([80 30 30]);
13=limb([60 20 20]);
l4=limb([30 10 10]);

% 11=limb([474 39 20]);
% 12=limb([25 39 20]);
% 13=limb([13 32 80]);
% l4=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);

mi=ml_sys(11,j1,12,j2,13,j3,4);
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m2 = ml_sys(ml);
mi=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);

%

% mi=rotate(ml,-30,1);

%

% mil=rotate_v4(mi,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);
%

% mil=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);

h1=waitbar(0/1,'Checking Rotations');

lim_d=180;
fori=-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((j+lim_d+1)/(2*lim_d+1),h2,['Checking Rotations: ',num2str(j),'
degrees."])
mi=rotate_v4(ml,j,3,0);
for c=2:4
f flag = compare_ml_2(ml,m2,c);
iff flag==0
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error(['At Joint 1: ',num2str(i),’ degrees and Joint 3: ',num2str(j),’

degrees. ',...
"There was an error in limb: ',num2str(c)])
end
end
ml=rotate_v4(ml,j,3,0);
end
close(h2)
mi=rotate_v4(ml.-i,3,0);
end
close(h1)

% 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

%

% mi=rotate(ml,30,3,-30,1);
%

% % Find Bug with order
%

% ml=rotate(ml,30,1,-30,3);

%mil=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,'rotate_30_back',-30,3,30,1);

function ML = build_v3(ML,displayf)

% builds multi-linked system.

% ML = build(v) creates a mi_sys object from the vector v,
% containing: Contains

%

global DEBUG_F
if DEBUG_F

disp('Entering Build_v3');
end
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rotations = eye(4);
for count=1:ML.limb_num-1
% Calc Yaw pitch and roll from Rotations

center = get(get(ML.limbs(count), 'center’), 'vert_array');
z_dc_y = get(get(ML.limbs(count),'y_unit'),'z")-center(3);
Z_dc_x = get(get(ML.limbs(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.limbs(count)=set(ML.limbs(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.limb_vertices(1:4,(count)* ...
ML.Points_per Limb+1:ML.limb_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.limb_vertices(1:4,(count)*ML.Points_per Limb+1 ...
:ML.limb_num*ML.Points_per_Limb))))))));

ML=find_rpy_dc(ML,count);

end
ML=find_rpy_dc(ML,ML.limb_num);

center = get(get(ML.limbs(count), 'center’), 'vert_array');
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z_dc_y = get(get(ML.limbs(count),'y_unit'),'z')-center(3);
z dc_x = get(get(ML.limbs(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.limbs(ML.limb_num)=set(ML.limbs(ML.limb_num),'yaw',yaw,'pitch’,pitch,'roll',r
oll);

ML=set(ML,'limb_vertices',ML.limb_vertices);
if displayf==

display_mi(ML,1);
end

if DEBUG_F
disp('Leaving Build_v3');
end

function f_flag = compare_ml_2 (m1, m2, limb_num)

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

limb_array2= get(m2.limbs(limb_num),'vertex_array_v');
limb_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_roll');

y_axis_rotate =1 ...
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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Zz axis_rotate =1 ...
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];

limb_array2 = ...
Translate_Origin * ...
(inv(x_axis_rotate) * ...
(inv(z_axis_rotate) * ...
(inv(y_axis_rotate) * ...
limb_array2)));

limb_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),'roll');

y axis rotate =1 ...
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];

limb_array3 = ...
Translate_Origin * ...
(inv(x_axis_rotate) * ...
(inv(z_axis_rotate) * ...
(inv(y_axis_rotate) * ...
limb_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
limb_array2
test 1
limb_array1
test 2
limb_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 (flg == 1)
figure
end
for count=1:ML.limb_num

sim_horz((count-1)*8+1:(count-1)* ...
8+8,1:3)=...
get(ML.limbs(count), ...
'vertex_array_h');

sim_face((count-1)*6+1:(count-1)*6+6,1:4) = get(ML.limbs(count), ...
'faces')+8*(count-1);

end
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% Color
patch('Vertices',sim_horz,'Faces’,sim_face,...
'FaceVertexCData',hsv(ML.limb_num*6),'FaceColor','flat’)

% 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([-56 156-5615-51501])
% 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_mi(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 == 11| fig == 2)

h1=figure;
end
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for count=1:ML.limb_num

sim_horz((count-1)*8+1:(count-1)* ...
8+8,1:3) = ...
get(ML.limbs(count), ...
'vertex_array _h');

sim_face((count-1)*6+1:(count-1)*6+6,1:4) = get(ML.limbs(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.limb_num®*6),'FaceColor','flat')

end

% Black and White
if BW_fig
patch('Vertices',sim_horz,'Faces',sim_face,...
'FaceVertexCData',white(ML.limb_num®*6),'FaceColor','flat')

end

% Gray Scale
if Grayscale_fig

patch('Vertices',sim_horz,'Faces',sim_face,...
'FaceVertexCData',gray(ML.limb_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([-515-515-5150 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 (flg == 3 || filg == 2)
saveas(gcf,[File_Folder,Picture_Folder,flnm," Pos_',num2str(pos),’.emf]);
saveas(gcf,[File_Folder,Picture_Folder,finm,'_Pos_',num2str(pos),".jpg'l);
saveas(gcf,[File_Folder,Picture_Folder,flnm," Pos_',num2str(pos),".tif]);
if fig ==

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

for count=1:ML.limb_num
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disp(['Limb: ',num2str(count)])
list_vertices(ML.limbs(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'''""'
lJoint #2' rraee lSegment #3 Centerl rey l; L] IXI lyl IZI IXI lyl IZI IXI lyl IZI IXI Iyl IZI IXI lyl
IZI};

sprdsht = cell(1,16);

sprdsht(1,1)= cellstr(num2str(pos));
sprdsht(1,2:4)=num2cell(get(get(ML.limbs(10),'x_face'),'horz_array"));
sprdsht(1,5:7)=num2cell(get(get(ML.limbs(8),'x_face'),'horz_array"));
sprdsht(1,8:10)=num2cell(get(get(ML.limbs(7),'center'),'horz_array"));
sprdsht(1,11:13)=num2cell(get(get(ML.limbs(5),'x_face'),'horz_array"));
sprdsht(1,14:16)=num2cell(get(get(ML.limbs(4),'center'),'horz_array'));

xlswrite('E:\Current Projects\ASME\BioKinWorkbook2006.xls',header,'Conf
1 ','A1 l)’

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.limbs(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.limbs(limb_num),'vertex_array v');
limb_vertices = inv(Translate_Origin) * limb_vertices;

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.limbs(limb_num),'y_unit'),'x')-center(1);
y_dc = get(get(ML.limbs(limb_num),'y_unit'),'y')-center(2);
z_dc = get(get(ML.limbs(limb_num),'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 * ...
limb_vertices);

if DEBUG_F ==
disp('find_rpy_dc: X-axis rotation: Align y_unit with xy plane')
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limb_vertices
end

pitch =
acos(dot([x_dc,u_prime_mag,01,[0,1,0])/norm([x_dc,u_prime_mag,0]))*(x_dc/abs(
x_dc));

Zz 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 * ...
limb_vertices);

if DEBUG_F ==

disp('find_rpy_dc: Z-axis rotation: Align y_unit with Y axis and x_unit with xz
plane’)

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 =1 ...
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 * ...
limb_vertices),

if DEBUG_F ==
disp('find_rpy_dc: Y-axis rotation: Align x_unit with X axis')
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limb_vertices
end

ML.limbs(limb_num)=set(ML.limbs(limb_num),'bc_yaw',yaw,'bc_pitch',pitch,'bc_r
oll',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 Vv');

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: 'Jlist_xyz(L.y_face)])
disp(['L.z_face: ' |list_xyz(L.z_face)])

function ML = mi_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 ==
ML.c=1];
ML = class(ML,'ml_sys');
else
if isa(varargin{1},'ml_sys")
ML = varargin{1};
else
ML.Points_per_Limb = 16;
Var_Updates = varargin;

ML.limbs(1) = Var_Updates{1};

ML.joints(1) = Var_Updates{2};

ML.limbs(2) = Var_Updates{3};

Var_Updates = Var_Updates(4:end);

ML.limbs(1) = set(ML.limbs(1),'dist_joint',get(ML.joints(1),'dist_joint'));

ind = 2;

while length(Var_Updates) >=2
ML.joints(ind) = Var_Updates{1};
ML.limbs(ind) =
set(ML.limbs(ind),'dist_joint',get(ML.joints(ind),'dist_joint"));
ind=ind+1;
ML.limbs(ind) = Var_Updates{2};
Var_Updates = Var_Updates(3:end);

end

ML.limb_num = ind;

for count=1:ind
ML.limb_vertices(1:4,1+(ML.Points_per_Limb*(count-1)}): ...
ML.Points_per_Limb+(ML.Points_per_Limb*(count-1)))= ...
get(ML.limbs(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.limb_num,16);

header 1= {'Position:" num2str(pos) 'Rotation: ' num2str(rot) 'Joint: '

numa2str(jnt)};
header_|2= {'Segment' 'Center'''' ' "X vector''''''Y Vector'''' ' 'Z vector''' "’
'Orientation’ ' ' ' ' 'Distal Joint'};

header—|3= {l ] IXI lyl IZI IXI Iyl IZI IXI lyl IZI le lyl IZI lYawl lPitChl IROIII IXI Iyl IZI};

h_h(1,1:6) = header_I1;
h_h(2,1:17) = header_12;
h_h(3,1:19) = header _I3;

fori=1:ML.limb_num

h_h(i+3,1)= cellstr(num2str(i));
h_h(i+3,2:4)=num2cell(get(get(ML.limbs(i),'center'),'horz_array'));
h_h(i+3,5:7)=numZ2cell(get(get(ML.limbs(i),'’x_face"),'horz_array'));
h_h(i+3,8:10)=num2cell(get(get(ML.limbs(i),'y_face'),'horz_array'));
h_h(i+3,11:13)=num2cell(get(get(ML.limbs(i),'z_face'),'horz_array"));
h_h(i+3,17:19)=num2cell(get(get(ML.limbs(i),'dist_joint'),'horz_array'));
h_h(i+3,14)=num2cell(get(ML.limbs(i),'yaw')*180/pi);
h_h(i+3,15)=num2cell(get(ML.limbs(i),'pitch')*180/pi);
h_h(i+3,16)=num2cell(get(ML.limbs(i), roll')*180/pi);

end
xIswrite([File_Folder,finm,".xIs'],h_h,['Pos’, num2str(pos)],'A1");
if (fig >=1 && flg <=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\movies\';

movie = avifile([folder,name,".avi');
fig=figure;
set(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
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for k=incr:incr:degrees
Var_ML_sys = 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);
drawnow
f = getframe(gca);
movie = addframe(movie,f);
cla
end
end
end
end
for rep=1:3
for i=1:2

if i==
degrees=75;
else
degrees=-75;
end

joint=3;

if degrees>0
for k=incr:incr:degrees
Var_ML_sys = rotate_v4(Var_ML_sys, incr, joint,0);
display_mi(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 degrees,joint

%

global DEBUG_F

if DEBUG_F
disp('Entering rotate v4');
end

Var_Updates = varargin;
while length(Var_Updates) >=2

axis_position = 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,(joint)*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,(jointy*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) = ...
(inv(get(Var_ML_sys.joints(count),'y_axis_rotate_from_prox"))* ...
(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_prox')* ...
(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 =1 ...

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_dist'))* ...
(inv(get(Var_ML_sys.joints(count),'y_axis_rotate_to_dist'))* ...
(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_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')* ...
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

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) = ...
(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));

Var_ML_sys=set(Var_ML_sys,'limb_vertices'Var_ML_sys.limb_vertices);

if displayf==
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');
Translate_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 * ...
limb_vertices);

if DEBUG_F
disp('Rotate_v4: X-axis rotation: Align y_unit with xy plane')
limb_vertices

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 * ...
limb_vertices);

if DEBUG_F
disp('Rotate_v4: Z-axis rotation: Align y_unit with Y axis and x_unit with
xz plane')
limb_vertices
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 * ...
limb_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
Var_Updates = varargin;
while length(Var_Updates) >=2
data_type = Var_Updates{1};
data_in = Var_Updates{2};
Var_Updates = Var_Updates(3:end);
switch data_type
case 'limb_vertices'
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_limb_array(Var_ML_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 write_limb_joint_info(ML,finm)

% 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

header_|= {'Limb Number' 'Length’ 'Width' 'Height'};

header_j= {"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'};

sprdsht_| = cell(1+ML.limb_num,4);
sprdsht_j = cell(ML.limb_num,13);
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sprdsht_|(1,1:4)=header_;
sprdsht_j(1,1:13)=header _j;

sprdsht_1(2,1)= cellstr(num2str(1));
sprdsht_1(2,2)=num2cell(get(ML.limbs(1),'length"));
sprdsht_I(2,3)=num2cell(get(ML.limbs(1),'width"));
sprdsht_1(2,4)=num2cell(get(ML.limbs(1),'height'));

fori = 2:ML.limb_num

sprdsht_I(i+1,1)= cellstr(num2str(i));
sprdsht_j(i,1)= cellstr(num2str(i-1));

sprdsht_I(i+1,2)=numZ2cell(get(ML.limbs(i), length'));
sprdsht_I(i+1,3)=numZ2cell(get(ML.limbs(i),'width"));
sprdsht_I(i+1,4)=numZ2cell(get(ML.limbs(i),'height’));

sprdsht_j(i,2)=num2cell(get(ML.joints(i-1),"Tx_from_prox'));
sprdsht_j(i,3)=num2cell(get(ML.joints(i-1),"Ty_from_prox'));
sprdsht_j(i,4)=num2cell(get(ML.joints(i-1)," Tz_from_prox'));

sprdsht_j(i,5)=num2cell(get(ML.joints(i-1),'R_psi_from_prox')*180/pi);
sprdsht_j(i,6)=num2cell(get(ML.joints(i-1),'R_phi_from_prox')*180/pi);
sprdsht_j(i,7)=num2cell(get(ML .joints(i-1),'R_theta_from_prox')*180/pi);

sprdsht_j(i,8)=num2cell(get(ML.joints(i-1),"Tx_to_dist'));
sprdsht_j(i,9)=num2cell(get(ML .joints(i-1),' Ty_to_dist’));
sprdsht_j(i,10)=num2cell(get(ML.joints(i-1),'Tz_to_dist"));

sprdsht_j(i,11)=num2cell(get(ML.joints(i-1),'R_psi_to_dist')*180/pi);
sprdsht_j(i,12)=num2cell(get(ML.joints(i-1),'R_phi_to_dist')*180/pi);
sprdsht_j(i,13)=num2cell(get(ML.joints(i-1),'R_theta_to_dist')*180/pi);

end
xlswrite([File_Folder,finm,"xls"],sprdsht_I,'Limbs','A1");

xlswrite([File_Folder,finm,".xls'],sprdsht_j,'Joints','A1');

% xlswrite('E:\Current Projects\ASME\BioKinWorkbook2006.xIs',header,'Conf
1''A1");

% xIswrite('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,finm,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.limb_num,16);

header_I1= {'Position:'" num2str(pos) 'Rotation: ' num2str(rot) 'Joint: '

num2str(jnt)};
header_I2= {'Segment' 'Center'''' ' 'X vector'''''"Y Vector'''' ' 'Z vector' ' ' '’
'Orientation’ ' ' ' ' 'Distal Joint'};

header_|3= {l ] lxl lyl lZl lxl lyl lZl IXI lyl lZl le lyl IZI lYan lPitchl lRo"l IXI lyl IZI};

h_h(1,1:6) = header_I1;
h_h(2,1:17) = header_|I2;
h_h(3,1:19) = header_|3;

fori=1:ML.limb_num

h_h(i+3,1)= cellstr(num2str(i));
h_h(i+3,2:4)=num2cell(get(get(ML.limbs(i),'center'),'horz_array'));
h_h(i+3,5:7)=num2cell(get(get(ML.limbs(i),'’x_face'),'horz_array"));
h_h(i+3,8:10)=num2cell(get(get(ML.limbs(i),'y_face'),'horz_array'));
h_h(i+3,11:13)=num2cell(get(get(ML.limbs(i),'z_face'),'horz_array'}));
h_h(i+3,17:19)=num2cell(get(get(ML.limbs(i),'dist_joint'),'horz_array"));
h_h(i+3,14)=num2cell(get(ML.limbs(i),'yaw')*180/pi);
h_h(i+3,15)=num2cell(get(ML.limbs(i),'pitch')*180/pi);
h_h(i+3,16)=num2cell(get(ML.limbs(i), roll')*180/pi);

end
xIswrite([File_Folder,finm,'xIs",h_h,['Pos', num2str(pos)],'A1");

if (flg >=1 && flg <=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 = Var_limb.length;
case 'width'

outpt = Var_limb.width;
case 'height’

outpt = Var_limb.height;
case 'global_pos'

outpt = Var_limb.global_pos;
case 'topface_ul'

outpt = Var_limb.topface ul;
case 'topface_ur'

outpt = Var_limb.topface ur;
case 'topface_bl'

outpt = Var_limb.topface_bil;
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 = Var_limb.bottomface bl;
case 'bottomface br'

outpt = Var_limb.bottomface_br;
case 'center’

outpt = Var_limb.center;
case 'x_face'

outpt = Var_limb.x_face;
case'y face'

outpt = Var_limb.y_face;
case 'z_face'

outpt = Var_limb.z_face;
case 'x_unit'

outpt = Var_limb.x_unit;
case'y_unit'

outpt = Var_limb.y_unit;
case 'z_unit'

outpt = Var_limb.z_unit;
case 'dist_joint'

outpt = Var_limb.dist_joint;
case 'yaw'

outpt = Var_limb.yaw;
case 'pitch’

outpt = Var_limb.pitch;
case 'roll’

outpt = Var_limb.roll;
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case 'bc_yaw'
outpt = Var_limb.bc_yaw;
case 'bc_pitch'
outpt = Var_limb.bc_pitch;
case 'bc_roll’
outpt = Var_limb.bc_roll;
% case 'rect'
% outpt = Var_limb.rect;
case 'vertex_array_h'
outpt = [get(Var_limb.topface_ul,'horz_array'); ...
get(Var_limb.topface_ur,'horz_array"); ...
get(Var_limb.topface_bl,'horz_array'); ...
get(Var_limb.topface_br,'horz_array'); ...
get(Var_limb.bottomface_ul,'horz_array'); ...
get(Var_limb.bottomface_ur,'horz_array'); ...
get(Var_limb.bottomface_bl,'horz_array"); ...
get(Var_limb.bottomface_br,'horz_array')};
case 'vertex_array V'
outpt = [get(Var_limb.topface_ul,'vert_array') ...
get(Var_limb.topface_ur,'vert_array') ...
get(Var_limb.topface_bl,'vert_array') ...
get(Var_limb.topface br,'vert_array') ...
get(Var_limb.bottomface ul,'vert_array') ...
get(Var_limb.bottomface_ur,'vert_array') ...
get(Var_limb.bottomface_bl,'vert_array') ...
get(Var_limb.bottomface_br,'vert_array') ...
get(Var_limb.center,'vert_array') ...
get(Var_limb.x_face,'vert_array') ...
get(Var_limb.y face,'vert_array') ...
get(Var_limb.z_face,'vert_array') ...
get(Var_limb.x_unit,'vert_array') ...
get(Var_limb.y_unit,'vert_array') ...
get(Var_limb.z_unit,'vert_array') ...
get(Var_limb.dist_joint,'vert_array')];
case 'faces’
outpt = Var_limb.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 ==

Le=1[L

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 O 0]);
Lfaces=[1 ;2’4;3‘;5’61817;1 1357!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.bc_roll = 0;
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L.center = coord([0 0 0]);

L.dist_joint = coord([0 0 0]);

L.x_face = coord([0 0 0]);

L.y _face = coord([0 0 0O]);

L.z_face = coord([0 0 0]);

L.x face =
set(L.x_face,'vert_array',(get(L.topface_ur,'vert_array')+get(L.bottomface br,'vert
_array'))./12);

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_br,'vert_arr
ay'))./12);

L.x_unit = coord([1 0 0]);
L.y unit = coord([0 1 0]);
L.z _unit = coord([0 O 1]);

L = class(L,'limb");

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, z2)')

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)])
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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 Var_limb = set(Var_limb, varargin)
%Iimb set function.
% Set variable depending on request.

global DEBUG_F

Var_Updates = varargin;
while length(Var_Updates) >=2
data_type = Var_Updates{1};
data_in = Var_Updates{2};
Var_Updates = Var_Updates(3:end);
switch data_type
case 'length'
error([data_type ,' cannot be set'])
case 'width'
error([data_type ,' cannot be set])
case 'height’
error([data_type ,' cannot be set'])
case 'global_pos'
Var_limb.global_pos = data_in;
case 'global_pos_V'
Var_limb.global_pos = ...
set(Var_limb.global_pos,'vert_array',data_in);
case 'topface_ul'
error([data_type ,' cannot be set')
case 'topface_ur'
error([data_type ,' cannot be set'])
case 'topface_bl'
error([data_type ,' cannot be set'])
case 'topface_br'
error([data_type ,' cannot be set'])
case 'bottomface _ul'
error([data_type ,' cannot be set")
case 'bottomface_ur’'
error([data_type ,' cannot be set'])
case 'bottomface_bl'
error([data_type ,' cannot be set'])
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case 'bottomface_br'
error([data_type ,' cannot be set'])
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 'dist_joint'
Var_limb.dist_joint = set(Var_limb.dist_joint,'vert_array',data_in(1:3,1));
case 'yaw'
Var_limb.yaw=data _in;
case 'pitch’
Var_limb.pitch=data_in;
case 'roll'
Var_limb.roll=data_in;
case 'bc_yaw'
Var_limb.bc_yaw=data_in;
case 'bc_pitch'
Var_limb.bc_pitch=data_in;

case 'bc_roll’
Var_limb.bc_roll=data_lin;
% case 'rect'
% error([data_type ,' cannot be set'])

case 'vertex_array_V'

Var_limb.topface ul =
set(Var_iimb.topface_ul,'vert_array',data_in(1:3,1));

Var_limb.topface ur =
set(Var_limb.topface_ur,'vert_array',data_in(1:3,2));

Var_limb.topface_bl =
set(Var_limb.topface_bl,'vert_array',data_in(1:3,3));

Var_iimb.topface br =
set(Var_iimb.topface_br,'vert_array',data_in(1:3,4));

Var_limb.bottomface_ul =
set(Var_limb.bottomface_ul,'vert_array',data_in(1:3,5));

Var_limb.bottomface_ur =
set(Var_limb.bottomface_ur,'vert_array',data_in(1:3,6));

Var_limb.bottomface_bl =
set(Var_iimb.bottomface_bl,'vert_array',data_in(1:3,7));

Var_limb.bottomface_br =
set(Var_limb.bottomface br,'vert_array',data_in(1:3,8));

Var_limb.center = set(Var_limb.center,'vert_array',data_In(1:3,9));

Var_limb.x_face = set(Var_limb.x_face,'vert_array',data_in(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_array',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(Var_limb.y face,'vert_array',data_in(1:3,14));
Var_limb.z_unit = set(Var_limb.z_face,'vert_array',data_in(1:3,15));
Var_limb.dist_joint = set(Var_limb.dist_joint,'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 'Ty_from_prox'

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_phi_to_dist'

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_dist'

outpt = Var_Joint.y_axis_rotate to dist;
case 'z_axis_rotate to_dist'

outpt = Var_Joint.z_axis_rotate_to_dist;

case 'dist_joint'
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
=1
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,sin(j.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 =]...
cos(j.R_phi_from_prox),0,sin(j.R_phi_from_prox),0; ...
0,1,0,0; ...
-sin(j.R_phi_from_prox),0,cos(j.R_phi_from_prox),0;0,0,0,1];

j-R_theta_from_prox = varargin{6}*pi/180;
j.z_axis_rotate_from_prox =1 ...
cos(j.R _theta from prox),-sin(j.R_theta_from_prox),0,0; ...
sin(j.R_theta_from_prox),cos(j.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,cos(j.R _psi_to_dist),-sin(j.R_psi_to_dist),0; ...
0,sin(j.R_psi_to_dist),cos(j.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),cos(j.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 =",num2str(j.R_psi_from_prox)])
disp(['R_phi_from_prox = ',num2str(j.R_phi_from_prox)])
disp([R_theta_from_prox = ",num2str(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 =',num2str(j.Tz_to_dist)])
disp(sprintf(\n'))

disp([R_psi_to_dist = ",num2str(j.R_psi_to_dist)])

disp([R_phi_to_dist =',num2str(j.R_phi_to_dist)])
disp([R_theta_to_dist = ',num2str(j.R_theta_to_dist)])
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function Var_Joint = set(Var_Joint, varargin)
%COORD set function.

% Sets Variable depending on request.

%

global DEBUG _F

Var_Updates = varargin;
while length(Var_Updates) >=2
data_type = Var_Updates{1};
data_in = Var_Updates{2};
Var_Updates = Var_Updates(3:end);
switch data_type
case 'Tx_from_prox'
Var_Joint. Tx_from_prox = data_in;
case 'Ty_from_prox'
Var_Joint. Ty from_prox = data_in;
case 'Tz_from_prox'
Var_Joint.Tz_from_prox = data_in;

case 'R_psi_from_prox’'
Var_Joint.R_psi_from_prox = data_in;

case 'R_phi_from_prox'
Var_Joint.R_phi_from_prox = data_in;

case 'R_theta_from_prox'
Var_Joint.R_theta_from_prox = data_in;

case 'Tx _to_dist'
Var_Joint.Tx_to_dist = data_in;

case 'Ty to dist'
Var_Joint. Ty to_dist = data_in;

case 'Tz_to_dist'
Var_Joint.Tz_to_dist = data_in;

case 'R psi_to_dist'
Var_Joint.R_psi_to_dist = data_in;

case 'R_phi_to_dist'
Var_Joint.R_phi_to_dist = data_in;

case 'R _theta_to_dist'
Var_Joint.R_theta_to_dist = data_in;

case 'Translate_from_prox'

Var_Joint.Translate_from_prox = data_in;
case 'x_axis_rotate_from_prox'
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Var_Joint.x_axis_rotate_from_prox = data_in;
case'y_axis_rotate_from_prox'

Var_Joint.y _axis rotate_from_prox = data _in;
case 'z_axis_rotate_from_prox'

Var_Joint.z_axis_rotate_from_prox = data_in;

case 'Translate_to_dist'
Var_Joint.Translate_to_dist = data_in;
case 'x_axis_rotate_to_dist’
Var_Joint.x_axis_rotate_to_dist = data_in;
case'y axis_rotate to dist'
Var_Joint.y_axis rotate to dist = data_in;
case 'z_axis_rotate_to_dist'
Var_Joint.z_axis_rotate to dist = data_in;

otherwise
error([data_type,' 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 ==
Cc=1
C = class(C,'coord');
elseif isa(v,'coord’)
C=yv;
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 'x'
~outpt = Var_Coord.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),’, ',num2str(a.y),', ',num2str(a.z),")];

function Var_Coord = set(Var_Coord, varargin)
%COORD set function.

% Returns x, y, or z depending on request.

%

global DEBUG_F

Var_Updates = varargin;

while length(Var_Updates) >=2
data_type = Var_Updates{1};
data_in = Var_Updates{2};
Var_Updates = Var_Updates(3:end);
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switch data_type
case 'x'
Var_Coord.x = data_in;
case'y'
Var_Coord.y = data_in;
case 'z'
Var_Coord.z = data_in;
case 'horz_array'
Var_Coord.x = data_in(1);
Var_Coord.y = data_in(2);
Var_Coord.z = data_in(3);
case 'vert_array’
Var_Coord.x = data_in(1);
Var_Coord.y = data_in(2);
Var_Coord.z = data_in(3);

otherwise
error([data_type,' Is not a valid asset property)
end
end
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Table Q.1. Calculated Linked system.

309

Position 0 1 2 3 4
Segment #1 35.73 3.81 5.88 5.88 10.01
4.13 27.79 27.79 20.65 -20.65
0.00 0.00 2.07 9.21 9.21
Joint #1 28.59 3.81 5.88 5.88 10.01
4.13 20.65 20.65 20.65 -20.65
0.00 0.00 2.07 2.07 2.07
Segment #2 21.60 3.81 5.88 5.88 10.01
4.13 13.66 13.66 13.66 -13.66
0.00 0.00 2.07 2.07 2.07
Joint #2 16.68 5.88 5.88 5.88 10.01
2.07 8.74 8.74 8.74 -8.74
0.00 0.00 0.00 0.00 0.00
Segment #3 13.34 7.94 7.94 7.94 7.94
0.00 5.40 5.40 5.40 -5.40
0.00 0.00 0.00 0.00 0.00
All lengths in cm

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



Table Q.2. Calculations with offsets.
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Position 0 1 2 3 4
Segment #1 41.61 9.69 11.75 11.75 15.88
4.13 27.79 27.79 20.65 -20.65
3.49 3.49 5.56 12.70 12.70
Joint #1 34.46 9.69 11.75 11.75 15.88
4.13 20.65 20.65 20.65 -20.65
3.49 3.49 5.56 5.56 5.56
Segment #2 2747 9.69 11.75 11.75 15.88
4.13 13.66 13.66 13.66 -13.66
3.49 3.49 5.56 5.56 5.56
Joint #2 22.55 11.75 11.75 11.75 15.88
2.07 8.74 8.74 8.74 -8.74
3.49 3.49 3.49 3.49 3.49
Segment #3 19.22 13.82 13.82 13.82 13.82
0.00 5.40 5.40 5.40 -5.40
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.
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Difference 0 1 2 3 4
Segment #1 -0.33 0.16 -0.32 -0.32 -0.01
-0.07 -0.49 -0.49 -0.07 0.07
0.00 0.00 0.16 0.00 0.00
Joint #1 -0.17 0.16 -0.32 -0.32 -0.01
-0.07 -0.07 -0.07 -0.07 0.07
0.00 0.00 0.16 0.16 0.16
Segment #2 -0.29 0.16 -0.32 -0.32 -0.01
-0.07 -0.20 -0.20 -0.20 0.20
0.00 0.00 0.16 0.16 0.16
Joint #2 -0.20 -0.32 -0.32 -0.32 -0.01
-0.03 -0.48 -0.48 -0.48 0.48
0.00 0.00 0.00 0.00 0.00
Segment #3 -0.17 0.15 0.15 0.15 0.15
0.00 -0.32 -0.32 -0.32 0.32
-0.33 0.16 -0.32 -0.32 -0.01

All differences in cm
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Table Q.4. Measured Linked System.
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Confirmation Measured Values 0 | 2 3 4

Segment #1 X 4128 9.84 1143 1143 15.88
y 406 2731 2731 20.57 -20.57
z 349 349 572 12.70  12.70

Joint #1 X 3429 9.84 1143 1143 15.88
y 406 2057 2057 20.57 -20.57
z 349 349 572 572 572

Segment #2 X 27.18 9.84 1143 1143 15.88
y 4.06 1346 1346 13.46 -13.46
z 349 349 572 572 572

Joint #2 X 2235 1143 1143 11.43 1588
y 2.03 826 826 826  -8.26
z 349 349 349 349 349

Segment #3 X 19.05 1397 1397 1397 13.97
y 000 508 508 508 -5.08
z 349 349 349 349 349

Values in cm
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Table Q.5. Crab Position Measurements.

Crab 1
Pos2 Point X(cm) Y (cm) Z(cm)
A 11.3 16.5 243
B 0.0 16.5 243
C 0.0 16.5 28.3
D 0.0 16.5 35.0
E 34 16.5 35.0
Crab 3
Pos1 Point X(cm) Y (cm) Z(cm)
A 12.3 12.2 26.0
B 0.0 12.2 26.0
C 0.0 12.2 293
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.

314

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 39 0.0 -0.1
CD 6.8 6.7 7.0 0.2 0.3
DE 3.8 3.4 34 -0.4 0.0
Crab 3 Pos 1 Pos 2 Pos 1 Pos 2
AB 12.3 123 123 0.0 0.0
BC 33 33 35 0.2 0.2
CD 7.2 7.2 7.1 -0.1 -0.1
DE 3.8 4.7 35 -0.3 -1.2
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Table Q.7. Calculated Crab Limb Positions.

Crab 1

Pos2 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

Pos1 Point X(cm) Y (cm) Z(cm)

B 6.2 0.0 0.0

C 6.2 0.3 35

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
Pos2 Point X(cm) Y (cm) Z(cm)
B 0.0 16.5 243
C 0.0 16.8 28.2
D 0.1 17.4 352
E 3.5 174 35.2
Crab 3
Pos1 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
Pos2 | 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
Pos1 | 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 [-03 |05 ol

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

317



‘uoissiwgad 1noypum pauqiyosd uononpolidas Jayung “Jaumo 1ybuAdoo ayy Jo uoissiwiad yum pasonpoldey

318
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 2824 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 -1.7 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 2479 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 -5.9 223
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 2479 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 2479 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




Table Q.11. Limb Orientations in Ankle Model.

Pos | Limb Yaw | Pitch | Roll
0 tibia 0.0° |0.0° |0.0°
talus 0.0° |0.0° |0.0°
calcaneus | 0.0° 0.0° 10.0°
1 tibia 0.0° |0.0° |0.0°
talus 0.0° |0.0° |0.0°
calcaneus | -10.0° | -5.3° | 9.4°
2 tibia 0.0° |0.0° |0.0°
talus 6.5° 17.7°1-1.9°
calcaneus | -6.7° | 13.2°|2.3°
3 tibia 0.0° ]0.0° ]0.0°
talus 4.6° 13.3° | -5.7°
calcaneus | -7.8° | 8.6° |4.2°
4 tibia 0.0° |0.0° |0.0°
talus 4.6° 13.3° | -5.7°
calcaneus | 8.9° 14.4° | -9.2°
5 tibia 0.0° |0.0° |0.0°
talus 1.4° |45° |-1.8°
calcaneus | 5.1° 5.8° |-5.1°
6 tibia 0.0° 10.0° |0.0°
talus 14° | 45° |-1.8°
calcaneus | 12.9° | 7.7° |-12.1°
7 tibia 0.0° |0.0° |0.0°
talus 1.4° |45° |-1.8°
calcaneus | 1.4° 45° |-1.8°
8 tibia 0.0° ]0.0° |0.0°
talus 0.0° ]0.0° |0.0°
calcaneus | 0.0° 0.0° |0.0°
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A representation for multilinked systems with
arbitrary revolute joints in human and arthropod
limbs

Christopher M Storey, Student Member, JEEE, Anne M. Hollister, Associate Member, IEEE, Charles
1. Robinson, Feliow, JEEE, Norman M. Wilriol, Dale Q. Anderson

Abstract—Aythroped and  buman  Hwbs are  mudtilinked
systems i which the revolute joinks are myt orthogonal to the
Tib gegents or To cach oiber. The Denavit-Harieabery (D)
representation iy the traditiona] wodel woed for orthogonal
systemns such as indusirial robots, When applied to systens with
non-orthoponsl finkages, the BDH representation projects the

fi of the fimb segments and presents other

T frames
computstional Siticultles. A mew method to represent Lineatics
of muliflinked lower-alr mechanisms ds  proposed.  Thieee.
dimensional comiputer praphics technigués act om seeays. of
points deseribing bodics that move about arbitrary revolute
joints. This compuintional model hax been adapted to vepresent
miultilinked systemy wich 2z animal Hmbs to calculate both
position (X, ¥, Z) and orientation {waw, pitch, sod roll) of
individaal  fimb  segosents and  joluts  for measuremint
comparisons. The Hoakage paramelery are explicitly ated. This
method allews a simplified rop for the ki tics of
humnan and animal limbs by mainiaining reference frames within
the Hmb seproents, It reduces errors such as the are dne errors
sssociated with Ealer calcalstivns and the szimuth errars seen
witly the DH representation. & conwmon consputationsd systen i
provided for dmulation, design, uwasarement and anfmation.

Index  Torme—Blomwchanies, spatiol Hokage Ki i

{1-14]. These multlinked robotic limbs use orthogonat
mechanisms, wsually revolute joints for thetr mechanisms
{13} The kinematics and kinatics of the limb segrments are
caloulated with the Denavit-Hartenberg (DH) ropresentation,
4 sirplified system that uses only four of i joint paranieters
for motion, that has worked well for planar and orthogonal
mechanisms for aver (fty vears by reducing watrbx size and
the rumber of matris multiplications [16].

Arthropod and human limbs are multibinked systeras with
revalute joims that are not erthogonal to each ather or ky the
limb segments [17-40]. Such revalute joits, knownas
arbitrary revolute joints, produce three-dimensional spatial
motion with only one degree of freedom, thus the revolute
joints revluce the limb's number of degrees of freedom and
eontiol complexity. A vector (d) and two angles of offset, the
wist (o) and cant () angles shown in Fig. 1. define the
losation and orientation of arbitrary revolute joims. The
vesulting limb movements are in different planes at each
revalute. The simplification of these linkages with the DH
representation produces several problems [18] 1 the twist and
cant avgles are net O or 90, the reference frames are projected
outside of the limb segments by DH representation. Ifthe
mechanisms are nearly paratlel to one of the coordinate axcs,

Hobolicy, Bitmetikes

I INTRODUCTION

here has been 8 recent inerease in inferest inthe
simvulation of arthropod or human limbs in robot design

Munusoript received Novembrr 20, 2006, & YA Rehab Reserch Catorr
Suicntist Award prowided partial funding for his participation in sis projest.
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Fig. 1, The onond P offet aces and o of¥se position.

We propose o representation based on computer graphics
techniques for rotation abont an arbitrary axis that 15 suitable
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for snalysis and display of kinematio cheing conpeted by
nongrthogonal andéor orthogamal revedute otz and i
optimized to retuce compuiational cost over traditional
methods {4134} These three-dimensional tethniques have
been used successhully i humen Yook shewlations, (Bofiad, o
ki, 2008 has expanded e to tewhole hunen body) {45-
491 A with the DI systorm, o Himb s modeled as a
‘hgrarehical kindmuatic chain from the grosnd (suppont) o te
end effector. Hach child link moves with its pavent. In thiy
system, thie revoluts jom o e vouted 18 Waslated Tothe
coryginy, the pist (alphe) snd cant (bew) splesare de-potated
and the arbitrary ats s aligned with the global saids. The
dependent points for s joint ary tien rotated Seougha
specitied ointacleation angle about the revolute; the twist
and cant angdes are resrotated and the revolute md dependant
points are then trsnslated back dnto position, Thius, the method
i wire robust than either DI or aliibody bacause it
invetudes all s jolal parsmeterseilonktes both pasition and
wrentation of each Bek relstive w'the juints between thin,
wrd permnts theongin of each revolute s T within the joing
el Modern computer oapabilitie adlow this miore robost
mithod fo beused eagily it personal computers.

Chur propoged sostenm places the b segment and joint
veferenes frames within the sepmemis or joints o falitas the
memurement, design, wodsling stnmalation, snd control of
these mtaral systems. Many disign enginesrs prefer 1
wompaite and resasere the motion of reference frames For each
bmb et oo revolute relutive 5o the body and global
reference ameswith caloulsed valuss of 8.9 and 2
displacenents wad vaw, pitch and roll rotatons [50,31] Cur
method factlitates this with outputs of =, y, and 2
disphicoments with yav. pich, and eoll rotations if dexired by
the user, The parumeters that deteomine the Bmb.and joint
cpitntation and motion are statidh esplioily 1o fasilitate
aoeuralo it in 1 Jimbs, We simulated models
of the hurean sukle caleuluted from Toman’s dutaand on data
taken from cab Jegs {31331

1. Memoos

A Sufheers

Anslysit routines were written i Matlah® fo Nave actess of
the matrio mathematios Binetione. The program was object-
orentid 1o allow Tor ease ard robusiness of expangion [52]
The software provided et (Bacel Sproabiheet), jpg {piure],
and avi {Video) oulpul reprosenting motion.

B Sstem reprosalanion

The gmplest svglem has byo seements st a single revolie

jomnt. Therelorence Trome for the first bk 4 placed ot the
origin of & Cartestan-coosdinate svstom. The displacoment
veptor (thy), the x. y. and z poordiwmtes, represent the distance
from the first segavent’s reference frame to the center of the
firdt rovolute, The Bevh local coordingles may be placed
anywhen, including  focation along the revolate axis, The o
and i angles are the twistand cantangles of offset fram the
preceding scgment’s reference frame that are noeded 1o align
the revolute axis of motion with the z-axis 6fthe precuding
Tk Inorelation to the second funb, the g, Sy anddy wrethe

varisbhes delined that are meeded o rotate the wxix of rotation
o align with z-axis of the next segment aad o find the
distance Trov the joint center to the following segrment’s
venter. Setting subseauent displirement Verion e
stwmdates saddle (Z-orthogonal revolute jomis s ball und
socket joints (Soothogonal revolu joints),

L Derranons

Acvertives matnix (0,5 110 §s defined by $he joit rannber
seebi rotated, 5 therefore, afl Timbs distal to t{mbs fat Ly
are operated on o accessed in the matris: The subscript dis
erpual o the nember of the most distal limb, Each lmb
veguizes 12 cokimmng of the matrix fexpandable for more
vertices). The first ehght cohmmms are the Bl vertives. The
winth column is the limb conter; and the 1™ 11 and 12%
columns are the looal & v, and sunit vectors of the toesd
conrdinate system relative 1o global Cartesian coordina
system. The: 13™ column sontaing the position of thé disat
sovolute joint of each respactive bimb, pl

g " b

e R e Ky Y
FXg );# SR SRENY yd,s:s {5

Ty Fa e Fam Tl

i

1

i Yew

; ] 1 1 1 1 i
A transtation matrec ([T, J, (2 = defined by s Game as

above) anud #, such that the offset as “from prosimal™ @pyor

“1o distal” {8} 1s defined in reference to the feist i relation to

the limls,

jz O
0010 Ar s
00 1 Az k=
OIS

Rotgton mateices (R, . [y are defined by o and 7 where
i 16 the axis ol rotdtion, Bauations (3545 show the rolation
matrices Tor rotating sbowt the 3, v, and swaies respectively.
Roll{a) iz defined by the robation abip te vaxis. Yaw D
provides the rotation about the paxis. Pitch (8 describesthe
rodatiom ahout the sy

1 o U o}
o ow{o) —sin{al O .
& &inéo:g sos{e) O e
I & b
cos(5) 0 enfp) ©
4 H 4 i 4
sin{B) 0 cos(8) © il
i 1] i i
mé‘e) wsn{8) 0 0
sim{#}  cos{e} 0 0 .
B 0 10
o 0 01

A joint rotation matrbe (Rev D) defines the smount of
votation wbott the arbitrary axis of the revélpte joint. Then
and Aangles of offset are caloulared from the axis 1o allow
For the retation of the joirt to be about the zasts s in (53 A
singbe rotation metrre (JRM (o, colamn]} s used to define
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Fig. 2. Displays positions of a two jord systemn goiny theongh a sevies of rotations defined in Tabte |

the arientation of a limb in space through a single rotation
once the yaw, pitch, and rofl have been tabulated.
(el 9 <{e)sly)
vc{ﬁ}s‘f!}c[lﬁj@ﬁ(u}s%ii) (»Ji,(ff) -r:{ LRE s{fl}*s(u}c{ti}
el e{ii‘«[ié ’*Sgﬁjc.“} —s:{(i}s{n} ﬁ({x}ﬁ(:i s{ﬂ cifl}cili;‘i 3 16)
8 ] 0 1

In Equation (6), ¢ refers o cosine and ¥ 10 sine.

-

A Svstem Description

A velative object-oricnted design wiilizing limb, joint, and
sysiem objects facilitates the setup of the mode! using global
positions and angles. The global origin and axis are
designated at the local onigin of the most proximeal limb
segment. The imb is modeled a5 a cuboid defined by length,
width, and height for simplicity, but any shape with any
number of vertives can be used. The local refercnce frame for
each Hmb segment is focated arbitranily at the segment’s
geometric center. The joint is defined in relation 1o the
proximal and distal limbs. Bue 10 the sequential operation in
traversing the limb, the program progresses arbitrarily
proximal 1o distal. The displacement offset For each joint is the
X Vo a0 2, 0ffset from the geometric center of the proximal
limb. These define its position in space in relation 1o prosimal
Timb. Next, the o (v-axis), B, (v-axis), and G, (z-axis) arg
defined as the offset orientations from the local axis of the
proximal limb. Then & similar set of offSet orientations {gy,,
P, and $h43 are defined to allow the rotation of the revolute
int 1o align it with the z-axis of the distal Hmb, Finally, the
offset is defined from the center of the revolute joint to the
geometric center of the distal Himb, 2, v, and 2. No range
unitation s enabled fo allow axds positions or orentations
that are considered out of the range of natural joint motion as
in fractures or didocations.

T
2 w :

#

Position 5

IV, KINEMATICS OF THE MULTILINKED Sv$TEM

A multi-linked system assembled 0 the specifications of an
initial state andl followed by & series of rotations is shown in
Fig. 2. The Tocal coordinate systems are set at the origin for alt
limbs. Therefore, the Himbs are moved to their positions and
crientations in space via the matrix multiplications shown in
the pseudocode below:
1 ivl} = rfi,,(n} iRL&jpj [R!,v.)&)] {R#,:.J}»] lRJ:\;di ER:';-.ra‘E {Ri.m{i

[Teal IV

2 Vol = [Top] {Roug] Reipl [Respd [Ravodd [Reved (R
TV
6. {Vn’ = [T Mpz ERu,vJ’p] [Rﬂ.s;fpj [Rm.fp] iR ‘lld} iRm.aﬁ} ERn.x.id}

Tl Vil

To rotate the distal Hmbs around a respective joint (n), the
Joint axis is translated 1o the global origin and the axis of
rotation is aligned with the z-axis, The convention for focal =~
axis rotations has been designated as the rotation for each
arbitrary Joint. Al other axes are held constant at the indtial
specification.

Onee the system is built, it can be optimized from the pure
eomputer graphics framework. By using the pesition {ip} of
the revolute joind stored in the veriex matrix, we can use one
franslation 10 bring the joint to the origin. This optimization
creates a seduction in translational matrix multiphications by a
factor of 2¥n-13 i n is the number of the joint to be rotated.
In addition, the optimization provides less pverhead as the
number of vertices 1o be operated s reduced by o%n where o is
the number of vertices per Himb and n i the number of the
Joint 1o be rotated. The optimization is detatled in the
pendocode below:
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Lo Ve iT, IVl
LA i’&u@l [Reas] " [Vl
a I the 3mni isithe ;mm of wmlmm, Jmm? s step nine.
3V ik pad) (Rl ™ [Bocs] PV
4 [Vl = Ry, @3 %Rm@?’l 7o}

w Wi jwm 13 the ot of Tolation, jump Yo st Tk,
5 [V,,E [i’(> s i { »:df * {R\Mﬂxl m;‘(i {‘* m

9 VRl Rl [Rev] [V,
After jpant is rowated, the systom 15 feliened 1o 1S proper
global covrdinates as follows:

I [V [Rung) o) R IR (Rl [Res] 1]
3

-

& [V iknvp?i TRz TR e} R Re] [V
g, Pb*} = R iRSy‘r? Risp] TRisa] Ropash [Rass] IVl
AL R PV IS

¥, YA PrIos, aNpRoLL oF Livus

The rotation whout an erbitrary revolute joint ing
srulsilinked system allows doinimotion s include
dhsplacements in all Yroe dmensions snd rotations about all
three covrdingte sxes, Tnmechanismz with orthogenal
ravolute oists; thrse revolit joints would be required 1o
achieve the same soations. Changes n link vaw, pitch, and
roll Waler-angles ocour from solation shout o single revolute
foint. Therefore, the new vaw, piteh, androll are valoulated
afber prisimal Jointe are rtated. Toavoid erroricn buck
cufeulation of the urientation vig posilion coordinates in real
data, the yae, pitch, and rell see caloulaed via the sotation
gequence through maltiphcation of tnly the riation matrives.
The siquence necessary. for retation using Bulerangles
reqguiredd that the crientations be calowlated in the order roll,
pitch, and vaw asin(6). The calalation of yaw, pitch, and
sl is tabitated bath ways so thit each methol could verily
the other. The method of back eslovlation deacsomplished by
firgt angiating the hmbback 1o the global origin of the
eoordingtes sviteny by using the lmb center as the offset for
the trarishation matris {7y

o

i S
T T A

Raadl () 35 cadoulated by pregecting the loval yaisis wnit
vector (¢ pv vy, 7 00 onfo the se-plane (11 and
enloutting the sngle of rotation () between ¥ "and the global
yeaxis (12)

w0y wpz wyl {13
#3
e so8 faj !i)lﬁ]} y an

23 5;: # )
The sre cosine funetion only returms vilues between zero
and radians 03¢ s multiphied by a factor thatis -Tor

FWITH YOUR PAPER IDENTIFICATION NUMBEE (DOUBLE-CLICK HERE TO EINT) < 4

depending an 2wy 0 respest o the xy-phose. A similar
respective factor is multiphied to determing angle direction for
wawe and pitch. The computer animation standard rotations
used designate positive sngles gy counter-clockwise rotations
{2 For e, a positive sngle requires a elockwise retanion 1o
abigre o with the global paxis. Therefore, the ealeulated a3y
mverted. The remuining ealeulations of pitch () and vaw §h
follow the standsrd convention of positive angles for courter-
clockwise rotations. Using o, an x-axis rotation magrix s used
i potale the Timb so that e Joosh y-ams vebiob bés e
plane.

Since w” slrvady Bes within the grplane but was caleulated
with the sbeolute value of »” {13), the pitch (6 must be
valcubuted Bom the angle of rotation bebween # " and the
gami g {1 ~§)

0 X _my f?
oy {n® {(l 1 mj x_my
§ - 4
W e
Yo (s vequives thy wie ol s separate Jotal w4y wince the
Tosoal paxis unit vestr i allgned with the global yaxis, The
Towal waxis unit vector (e w, v, o Is propested onte the
z-plane (1) 50 that the angle betwerh the w-as veator
Tx_ e wned the global saxis is caloulated as the vaw of the
b (183
u"esx w02 _wxl

8 o eos™! {Z{""Hl ﬁgﬂ‘l} » Z_uw

{14

in

(1%
nh N

zi

w ux

Lailizing the caleulated yaw, pﬁrh anchroll one wablete
move and orient fw b withewt resorting o sequential steps
w5 {19,
PVl =TT ERG] [Rel [Re] [V

Inability to make small, precise measuremants for the
position of lmbs introduces the possibility For lare emors
when back calotlating the yaw, plich, snd 1ol for 2 limb,
sspecially at the asvmptones. 5o inaddition to back caloulaung
the yaw, pitch, and 7ol fromn the Bimd's podition relabive o
glohel axis, the yaw, piteh, and roll sre caloulsted solely with
th inputted rotation satrices. The rotation matribes are
ardersd ss thiy would be for the multphieation 1o build 2 limb
s proviously shows in peeudocode above, but no trandations
are used, The rofstion matrix of (63 is then oblained: By using
an crdered sequence of roltion matrix mdtiplications, the
peewdocode i glven to back-caloulate vaw, pitch, and roll
from the vadues i the rolation mubrix as follows:

(193

LB R e) Rapnd TResg] Ru] B oa] Ryuf
i' lR‘VM fﬁwji spted TRecsp) 1Rocoa] B o] [Rnesd
N

‘i' lRM i“ﬁ‘mzfy} iRn,f«ﬁi P! Rosatl Rogsd Rl

Patch i ealoulated firg, sinee (6] has oo unbnown, Beonpe
the gre-sine funetion’s rengeds [-2, 2/2% roll is sotated fing
this guarantees that the pitch will ghwavs beless than 272 via
the order to caloulute Buler's vaw, pitch, and rolg
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A =sin" (RM(3,2))

Roll as in {12) is negated (o provide the correct rotation
direction. The z component of the ¥ and % unit vectors is the
same for roll and yaw in (14 and (18).

{20y

220 2wy
- 008 1 ll }]*IE_ Hy on
(RM (] [z x|
= gog! «{%LL,T.I # T"“‘:"f” an
cos{f} | |iz_wd

This method allows one fo teack the vaw, piich, and roll of
the himbs without the need for position data (except 1o jrack
the sign for vaw and roll).

VI REsULTS

To verify our methods we rotated 1o an cnd position and
then back o an inmitial home position with different rotations
on the way back to the home position, Our final vertices
matrix equaled the initial one thus verifviag our methed, since
a closed foop rotation is the identity matrix. Table | shows the

3

apparatus beging at the end of the most proximal limb, whose
conter 1 localed at 1.373% inches on the positive z-axis. Afer
mzasurements and adjustients were finalized, the data were
converted to centimeters. The differences were saloulated
between the confirmation values and the modified calcnlated
values. Eror was calenlated as the Root Mean Square (RMS)
of the difference botween the measured and caleulated
coordinates. Table 2 shows a maximam 6 mm error, which is
within the experimental ervor of the measurement method
used.

Tapu i

4
Seement 41 034 {151 160 .33 047
I8 817 036 036 417

et #2030 028 041 .41 0,28
Joint #2 020 038 038 6.5 048
Seement#3 017 436 036 .36 0.3

B. Noaorthogonol Rotations
Measurements wers also performed on snow crab legs

sequeoce of rotations and inktial offsels that are ith d in
Fig. 2. Figure 2 shows a simple system of only two arbitrary
revolute joints; however it is given as an example as it is
simiple 10 expand 10 2 matrix of vertices representing dotailed
objects. The vaw, pitch. and roll are caloulated both twough
rotations and by back-calenlation from (he end position of
each limb for boih joims with rofations from -180° o 180° in
1 increments. The angles were found to be coual.

Tams
Capl Wirt A A S8 BYSTIM Y
HMORTHUGANS, BREVOL g2
- Juint L i’in gl’n g fiw f}(d
1 ol ¢ & W
2 18 a8 WP ®
L Poutl S . N—
4
1 43
2 e
3 e
4 -
8 -

A Orthogonal Rotarions

To compare our methodology to real physical data, o
mechanical inkage svstem (restricied to orthogonal axes)
using joints with adjustable twist, cant, and joint angles has
been devised and fabricated. Measuremenis were made with
respect 1o righi-hand Cartesian coordinate system using a grid
on drafiing paper and g yoler for the vertical z-aws. The
drafting paper was taped (o a flat tabletop, and one end of the
mudti-linked system was scowred o the tabletop. The system
was offset since it was above the tabletop. Adding 2.313 to the
x values and 1.375 1o the 2 values adjusiod the caloulations.
A offset was used since the our method takes the global zero
to be at the center of the most proximal Jimb, while the kst

L tes opiio’s 1o verily rolations for nonorthogonal
tological revolute crab joints as seen in Table 3 [33]. Two
different crab legs were used and measurements wero
performed on cach crab cg m two differant positions, The
measurements were miade using methods of fhe orthogonat
soation above, One of the positions of the Crab Jegs is shown
in Fig. 3 the results are given in Table 3.

#

Fig. 3. Position s of wrab leg thig.

) ROTATIBS AD r,’tﬂlg:i O CHAB LIRS

Crabt  Joimt ey, B, By By P By

Pos 2 i EAEL L 50 L0900 g
2 <35% 9 P 33°  HP W
3 -5 9° 9° 5@ NP

Crab3 Jeint ¢ # a [

Pos 1 1 -5 Y WP .
2 L i L 35 900 PP
3 S3° g Lo AR apt e

The methods used 10 make the measurements were similar 10
those of the orthogonal axes measurements, The level of
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aceuracy in the messurements was determined by comparing
the vector lengths of the Hmbs compared 1o the messived
length of the Emb (accuracy within 0.3 ¢m required, which
allowy for £1.5 mm ercor for each axis coordinate).
Measurements meeting this requirement attaned comparsble
sty (Table 43 with our shnulation shown in Fig, 2. Since
the measnrements were carried out similer fo the orthogonal
linkage te with wiben in
centimeters insiead of inches, the ervors were the same. All the
sonoribogonal measarements that met the reqidred securucy

had RMS error less than 6 mm,
‘TanLEd
BMS OF DIFFERESTES I CRAB LIS RORITION (05
RME B [ D E

CrablPos? G0 02 98 66
Crab3Pesl 60 02 83 @4

VI AMODEL FOR CALIBRATION OF ANELE ANGLE
MEASUREMENTS

A muode] of the human ankle was developed based on three
seganents with two arbitrary revolute joints (Table 53, The
segments are the caleanens, talus, and mortise (comprised of
the tilia, fibula snd hgaments). The tlocrural joint (upper
ankle joiit) and the subtaar joint (lower ankle joint) are
arbitrary revolute joints [31, 32, 39]. Teman and Iuman
measured the locations of e axes in the bones relative (o
each other (Table 33 {31, 32]. A computer animation of the
ankle jointe” wag made ag seen in Fig. 4.

S
¥ R

S
i

Fig. 4. The unkle modsl in the second peaition of our simulation to show
oot o et plontsriexion aod sppioation,

TaBLES
OFESETOF THE UM AR ANRLE Y
Joinl [ I Oy oy fa Ha |
tatocrural R L o o L
subtalar A1 6T P 410 67 P

VI Discussion

The DH representation hus been used to memsre the
movements of animal joints with a six revolute orthogonat
mechanism [33, 54] end represents the mechanics of the

arthwopod Hobe with their arbitrary revolute joints {23,

34], Albright, of al., described the difficulbies encovntered
using DH for linkager with whitrary axes and suggesied o
more flexible method, which wilized directional cozines [18].
Bufoad, ¢t al., wsed computer graghics techmiques and
arbitrary revelute joints for computer simulation of human
hand joints” motions {43, 48, 49].

Our proposed model 1 a more complete method for
mnltilinked gystems than the DH representation or Albright’s
method, but requires more sompittational power for motion
svvabation. These computations, whowe complexity pr
difficultios i past vears, sve now feasible because of the
increuses i deskiop computing capabilities. Prograomming
in Matlab®, 2 common software program, sllows for flexibility
in 3 vapety of settings, Outputs for motion of Timb segments
can be i yaw, piich, roll, X, y, and 2 values, a representation
commonly used by engineers. The method is three-
dimensional and hus the sume computational approach ueed in
compatter graphics and CAD software, thereby providing a
common language to modeler, designers, engineers, and
biclogists. The techmyue involves translating and rotating the
Thoh joiet mechariem to dlign with a reference coordinate
axis, rotating the jount vevolute, and then the mecharism is de-
rotated and de-translated back to ity correct position. Thereis
10 ordey dependence for joint sotations. This approach reduces
the azimuth ervors and keeps the imb o joint reference
framnes within the limb segments. The paameters describing
each limb segment and revolute are chearly defined,
mmphiying the imb’s mechsnical description and kinematic
modsling, The emors between the measured data and our
technique are within the experimental errors of o
measurenent process, Thus, 1t is reasonable to assume that our
methods of ealenlating the positions of the limbs are comict
for orthogonal and non-orthogonal rolations, The idenfity
nmatrix that iz attained from the closed loop rotation also
validates the methodology. Cur method can be generalized to
represent Hokages with any lower pair mechanism.

The method can glso be used 1o compute limb dynamics
andd control. Ginrintano, et al, wsed sophistivated noredinear
optimization 1o resolve slatic thumb joint forces using a five
arbitrary movolnte manipulator {46]. The solutions of static and
dynamic forces in a non-orthogonal gystem ate much more
difficult than in the more vonmon orthogonal robot
derigns. A design advantage & our method is that the
resultant forces ure three-dimensional and can project out of
the plane of the limb segments. Solutions for the dynamics of
yon-orthogonal systems are also more complivated tun for
arthogonal systems. In addition to centtipetal forces, Corfolis
forces become teal Factors for each moving linkage and may
projest ont of the plane of the Hnb segments or the kb
itpelf. These forces can be additive and are of great vse to the
moving crab or humm. They ave probably an importast fuctor
in the evoluhonary design of lunbs amd their joints. Robotic
designg explodting such forees could improve robot efficacy
including more rapid motion, improved effisiency of motion,
incressed dynmnic torgue, and increased (ur decressed)
impaet forees.

A better sepresentation of the forward kinematios of aimal
{imiby shoald sssier in the understanding of limb motion, in

Fl
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i b and Jomit desagn, and o better sobations for inwvorse
kinematicy, Luptebulk developed a method Tor Brding tha
positioreand orentation of anarbiteary révolute Trom thees.
dimensionsd date (%%, % v, pitck, and roll) with
apphisation o th olbowe 361, The method was very acoumste
and precse, oy was Ruted o joints with-only one degreeof
Trovdom, & relatively long Hnbowgment, and an e ol motion
of at feast i degh.es bdoora, o ol used configuration spave
analvss of e weist ﬂsrwciamemmnai data 1o determine
S depreesof frosda in the ointand 1w
diterming the peths o mistion within the speee, which showed
vty s degtee o Treadom 137], Folige ressire will fmprove
U AT emem ai' Jomt mmum n‘iﬁfj the amalysis ad design
of yoant and Db s

X, CoNeLusion

Susiwal Hrob reechanisns are theee-dimensional kinematic
ehiuns with nunorihogonal vovdlubs Joints. W propesed s
pirite cdinplete methiod Lor the seprosentution and analysis of
thimovemints of these and other thred disensioual linkages,
Oy SEA (Storey, et sb) repregentation & sim e 1o that ved
incompter animationand provides ¥ common and cloar
Yanguage or desigrers, wodelrs, auimatons and Trologlas,
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Abstract

Our objective was to show that deteiments 1o postiral control exist prior to the
development of peripheral newropathy in type 2 diabetes with no fall history. This study tested
diahetic mature adults with peripheral neuropathy (DPN: n=17, nerve conduction velocity < 40
sy s withoat peripheral neuropatlyy (DNI 121 1) and healthy mature adults (FIM A 22343
all aged 50 10 74 years. No nerve conduction or ltency differences existed befween HMA and
DN Albunderwént siatic and quasi-static postural assessments, with'the lafter assessed by shiort
anterior platform perturbations. DPNs antorior-pesterior center-of-pressure static metrics
diffored from HMA%s. Both disbetic groups had bigher thresholds for aceeleration than HAMA at
1 and 4.mm antetior perturbations. Both had higher plantar touch thresholds than did HMA.

Kince both had markedly higher thresholds to detect short perturbations, we conclude that
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peripheral neuropathy in disbetic individoalz iz not solely the caise of décreased postural

control.
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Introduction

Postural instability and diabetes are leading risk factors for falls, which are a comnion
soniree of morbidity and mortality in those over 63 years old (1, 2). Elders who full frequently
have an‘ansteady gait (3) or poor postural eonttrol (4). Falls lead to a fear of falling in the
gldedy, which increases the likelihood that one becomes homebound or bed-bound, thus
resulting in apooreryality of life (8). Diabetic individuals can also develop subtly hnpaieed
cognition, have lower reaction times to perturbations, mid have a higher incidence of falls than
thelr age-matched cohorts (4,6-9). People with diabetes who have lower b peripheral
nevropathy show inereased postural instability over diabetic subjects without peripheral
pauropathy (103, and have increased likelihood of falls (11).

Postwal control i elderly and diabsetic individuals has been studied during gaiet standing
and has shown decreased stability in (10, 12-13). Pricto, et al., has shown that significant
differences exists ina large array-of posture metrics betwéen voung aduls and the elderdy (12).
Lafond, et al., has shown that significant instabilitics exist between diabetic mdividuals without
history of falls and their elderly cohorts (143 We want to show thit same instabilities can be
seenthongh alarge array of quiet standing metrics, Also we felt that our test that charactenives
the response to small rapsiont platform mevements would be-a more sensitive method for testing
dynamie pogtural instahilities than méthods that nse waist-pulls at the hip, large perbwbations,
and tilts (16-24%. Thus we deviloped aseries of test profocols that use the Shiding Linear
Investigative Platfon tor Assessing Lower Limb Stability with Synchronized Tracking, EMG
and Pregsure measwement (SLIP-FALLE-STEPm) (25:29). Ournevel platfonm and its test
protocols focus on quantifying differences between groups intheir abality to detect small

mevements (=1 mm). These small movements that are within the normal sway range provide the
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machatrism 1o study how homans stand, as opposed to how hamans prevent falls to-discover
deficiencies in-postural control that-could Tead 1o an increased likelifiood of falls,

By studying diabetic individuals both withand without lower limb peripheral neuroputhy,
whio have no history of falls in either group, we have are able to study poople who are ot high
risk for falls but have nol bocome symptomatic. The aim of vur study was to investizate whether
{arge fiher lower limb nevropathy secondary to-dinbetes was the sole-cause of increased postugal

instability.

Research Desiga and Methods:

Subjects

Our sublects were well-controlled dishetic muture adulis with peripheral neuropathy
(P-4 female and 13 -male) and without peripheral neuropathy (DNI: 4 female and 7 male)
Healthv mature adults (HM A 14 female and 20 male), all who had normal lower-limb
peripheral nerve conduction tests, volunteered for the contral group. To enable a precise
comparison, only subjects who completed our entire electrophysivlogical and acceleration
threshold test protocol were used for this paper. Their primary care physician had previcusty
diagnosed gach PN or DNT with type 2 diabetes. Subiect recruiting took place via fyer
advertising at the Overton Brooks VA hospital in Shreveport, Louisiana, and in the local area.
Individuals from 30 10 75 vears-of age, inclusive, were labeled as mature adulis, Qur test

protocol was approved by the TRBs of the Shraveport VAMC and Louisiana Tech University.

Sereening
A medical History questionnaire was given 10 sach potential subject. Individuals were adt

further tested if they had « medical history of cardiovascular andior respiratory discase,
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neueplogical problenis such as cerebrovascular disease, stroke, head or spine injury, vestibular
atlnrents and dizziness, memory and congentration deficits, muscle activity deficits, or non-
hewtmg skin oleers. Orthopasdic problems such as Jower back pain or spasms, arthritis or joint
disease, and deformations of joints or bones lod 1o exclugton of individuals from the study.
Those with pastor curvent drugor slevhol dependence were also excluded,

Al consented subjects were screened with the Berg Balance Scale and Sharpened
Rombers Tost 1 assure that they were able 1o operate independently from assistance, sud vision
was testod (Snellen Eyve Charl vorrectabile vision required). In addition, the subjects were tested
with the MiniMental State Exam to insure that they were mentally competent to follow
instractions during the experiment. Patellar and Achilles” reflexes were tested 1o confim that
they were present and nonsial, The DPN and DN groups had hemoglobin Ale valies below
9%, with no gronp differences seen in values, or-dn mumber of subjects with values 7.0 (4 DPN,
2.DNI). A temporary classification of Healthy Mature Adult (HMA)Y was made for ali consented
suhjects who reported no history of diabetes or neurological impairment. Perturbation
testing on all ol our subjects commenced before, during or aller the nerve conduction lests were
garried out, a5 the scheduling of the NCV tests by the Neurology Service were on a fill-in basis
between slinical tests, Once'the NCV results were in, a final classification isto an HMA group
conld be made. OF the 46 individuals without a history of disbetes that went througl owr
protocol, 34 were classid a3 HMA, and-ard Studied bere. The remaining twelve were positive for
peripheral neuropathy during the NCV testing. These individuals were excluded from this
analysis sice we didinot know the cause orthe extent of the neuropathy, as Nardong, ef al.,

showed that different types of peripheral nevropathy affect postural stability to different degrecs,
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&

and we could netrule out diabetes, gvon the opidemic prevalence of undiagnosed dinbetes in

matore adults (21, 30, 313

Testing Provedures

The preceding tess provide physiological backgrounds on individuals for our posture test
protoss]l, The Z-Alternate Porced Cholce aeteleration thresholds to Torward pertirbations of
constat-displacement were carried out on the SLIP-FALLS-STE Py platform while blindfulded
(23}, Alr bearings insure that the uliva-low vibration, frictionless platform provides no
movement coes and allows forthe test of movements within the range of sway, The subjected i
presented via wireless beadphones prevecorded commands with white masking noise of “Ready™,
“Cme”, *Two”, and “Decide™. During the four second decision perfod, the subject must i which
period they pereeived the perturbationto have ovewrred, by asingle (Interval 1y or doubke
{interval 23 bell pross, The subject noeded foaccrue 3 corrget detection percentage of 79% foran
acceleration to-be considered threshold. The platform moves in a 100% smoothed g-curve,
which allows for syinmetrical sceeleration and deceleration of which the peaks are used a3 the
mieastrement Tor threshold (25, 26). The pealc imparted kinetie energy (PIKE ) was calevdated by
Eg. 1, where # is the subject’s mass, PAT s the peak aceeleration threshold, and PD is the
platform displacenent. The peak imparted kinetic energy accounts for individuals” mass in
relation to ¢acleindividual s peak acceleration threshold.

_MEPATYPD
2

PIKE 4

Prior to.2ach threshold detection session, twanty seconds
of quiet standing data were vecorded to assess-an individual’s natural sway. This yickded three

quiet standing observations periods per individual, Sway paranieters are caleulmted from the four
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load cells of the force-plate. The anterivr-posterior center of pressure {APCoP) and medial-
lateral center of pressure (MLCoP) ime-series profiles were derived from the load cell data {25},
with the convention thay forward and rightward were the positive directions. The time sedes
ware filiered using & 10Hz type 2 Chebyshioy low-pass filter, sud the mesns subtracted out.

From these thine-sories, another ks caloulated - the resuliant distance {RD)Y - to provide s fime
séties of the vector distance vombining cach APCoP and MELoP pair. Based on these time-
series, we caleulated metricy suggested by Pristo, ¢t al., whe had shown differences in aged and
voung-adull-groups (123, They are broken up inte Four eategories: time-domuain distance, time-
domain area, tme-domain hybrid, and fraquency domain measures: From the time-doemain
distance metrios, mean and RMS distances wers caloulated Tor RD, APCoP, and MLColP (1),
along with the standard deviation and range of each time series. The total excursion {TOTEX), a
summation of the changes indistance; was caleulated for APCoP, MLCoP, and the vector
distance change of both (123 The mean velotity is caloulated from the TOTEX, TOTEX,, and
TOTEXw (12). Thetwo time-doniain ares measures that are calculited are the 93% contidence
etrcular area (AREACCC) and 93% confidence elliptical area (AREA-CE) with 95% confidence
level coning from the 7and Fstatistic respectively (12). The hybrid measures include sway area
{estimates area gnclosed by COP path per-unit of time), mean frequency {both rotational and in
the respective APCoP and MLCoP planes), and fractal dimension (based on TOTEX, AREA-
CC,AREA-CEY (12). For the frequensy domain, the total power, 50% power frequensy (inedian
power frequency), 95% power frequancy (95% percentile power frequency), centroidal
frequency, and frequency dispersion were caleulated using discrete Fourier transform aed mot the

sinusoidal mulii-taper estimale (12)
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Al subjects wire given the RAND 36-item with Depression Scereener) bealth survey, a
modified version of the short form 36-itern (SF-36) health survey, which has shown correlations
of poor healthscores with dndividuals who had diabetes (32-36). The RAND evaluates a
person’s v selfiroported phyiical and mental health on their quality of life. Jenking, etal, and
Lvons, et al, verifiod the validity and reliability of §7-36 health survey in an elderly population
{37.38). Lowerscores were corrclated with elderty who have a fall visk (53 Post-test scoring
was performed automatically within an Excel sproadsheet.

Semines-Weinstein Monofilamenats (SWM) were used 1o assess seusory thresholds on the
sole of the oot by exerting a constant Toree based on buckling strength of the monofilament
pressed o the foot. The monofilaments are marked with a log of the Toree exerted in grams by
the monofitament. These threshold measurements were taken on the plantar surfiace at the grest
toe, metatarsal at the first and fowrth digit; and heel. The procedure required that two out of three
tonches be detested fora given monofilament to'be at threshold st a location. For simplicity,
with eves closed, subjects were asked 1o respond when they felt the probe. For the SWhftest, 2
discrepancy o sample size exists across the et sites, becanse we did not begin taking
measurements at thebeel and fourth metatarsal witil after a number of subjects had been
recruited.

Surface lower-limb nerve conduction tests, performed by Overton Brooks VA Medieal
Center Nevrology Servies by a techuician supervised by a neurologist, determined the presenice
of peripheral nearopathy, NCY were measured for the peroneal, tibial, and sural nerves
bitaterally. T fiftesn subjects (4 DNT, 5 DEN, and 6 HMAJ, no sural nerve conduction velocity
could be obtained. Taferences gnnnot be made from the inubility to find sural nerve (Vs via

surface electrodes as sural nevve studies offen reguire the use of needle ¢lectrodes (39423 M-
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wive and Fowave lateney tests were perfonmed onthe peroneal and tibial nerves. Marked
andiological differences were noted between those with diabetes and the HMA group {43}, This

analysis will be presented later dus to space limitations here,

Analysis

Elevtrophysiolopieal and subject screening resulis wore analveed in SPSS viaan
ANOVA with GamessHowell post-hoo comrestion to compensate for the unegual group sizes and
varianves. Oniet standing metrics also used a post-hoe Graumes-Howell after ANOV A with
repoated measurss, Statistics on Mini-Mental Exam, Berg Buodance Seale, RAND, accckration
fhresholds and SWM were performed in SPSS with Eruskal-Wallis one-way ANOVA, The
Kruskal-Wallis one-way ANOVA allowed vsto account for the subjects who did not reach
thireshold bat went to the maximum allowed accsleration of the test for seecleration thresholds.
The Kraskal-Wallis was performed pair-wise on groups as a post-hoc test. For 8WM fests,
geomedric means are reported insfead of the log values because of the power law nature of tactile

percepiion (44, 43).

Resulis

We hivpothesized the peripheral neuropathy secondary to type 2 disbetes would cause
decreased ability to detect platform perturbations. We found instead that the ability to detest
platform perturbations is diminished in diabetic mature adults with peripheral newropathy {DPN)
and without peripheral neuropathy (DNI), both as compared {0 healthy mature adulis (HMAY,
suggesting that the presence of diabetes lisell was major factor in an increased detection

threshold,

Subjects
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16

There was no significant difference i age, height, or body mass index beween DNIg,
DPFNg; and HMAg, While mass was not significantly different between HMA and DXL o DNI
and DPR, it was significanty different (p <0.03) between HMA (832 kg) and DPN (983 k). as
shiown inn Table 1.

[nsert Table 1 Near Here]

[Hasert Figre 1 Near Hore]

Peak Accelerarion Thresholds

Adifference exists in DNT and DEN sceclerstion threshold values for oll move
displacements (Figure 13 Both DNLand DPN bad significantly higher thresholds than HMA et 1
i (peo.B1) and 4w (p<0.0 and p2 003, respectively) displacerments (fable 2 A strong
trend was also soted for significantly inercased threshold of DNI over HMA (p=0.034),

{Insert Table 2 Near Here]

Lising the ealeulated peak energy imparted on the subject, we gain significantly higher
peak energies (p=0.03) for DNLover HMA Tor all displacements, While signilicantly higher
inparted peak energies werg seent in DPN over HMA for T mm (p<0.01) and 4 mm (p=0.05)
displacements, only a strong trend was poted for ths 16 mm displacensant. Duc to safety
constains-of our system, we seta maximal peak aceeleration valus at 200 mmé® for 1 mm
tnoves and 100 mmvs” for 4 moy-and. 16-mim moves. A mumber of subiects reached these values
{rail condition). Analvsis of the negative power-law relationship (29, 44-47) between
acceleration and displacement values provided reason to raise the maximum peak acceleration
test values 10256 v’ 1R] mnrs®, and 128 mm's® respectively for 1 mm, 4 mm, and 16 mn

perhurbations, HMA subjects reaching the rail (11%, 3%, and 0%} were fewer than both DPN
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(41 %, 18%, and 6%0) and DNI63%, 36%, amd 18% ) at 1mny, 4 oo and 16 oo displacement
respoctively ag seen in Table 3.

{Insert Table 3 Near Herel

(nivt Stoanding Mutrics

in the anterior-postérior thve-serigs, significant fp <0.08) differences were seen in range,
standard deviation, and BMS distance for BEMA versus DPN (Table 43, The total powes for
aterior-posterior was sipnificantly increased (p < 0,013 for the DPN versus HMA, Trendsin
HMA versus DPN groups were seen with inereased mean resultant distance, mesn anterior-
postesior distance, RMS distance; anferior-postorior tofal excursion, and anterior-posterior sucan
velpcity, No difforences were seen betsween DNTand either DPN or HMA groups.

[lsert Table 4 Near Here]

Health Surveys

The myean scores. on all health survey results {except for the RAND emotional well-being)
seorewere better for HMA than for DN Land DPN, but not all mean differences were significant
{Table 5). Although the scoves on the Berg Balance Scale were within an acceptable sange Tor
DNT and DPN (they showed no risk-of falls and could operate independently), these Tatter scores
were still significantly lower than those of HMAL The only significant group difference gained
fromvibe RAND survey was in general health. Both DPN and DNT showed significant decreased
foelings of general bealth (p<0.03 and pL.01, respectively). Strong trends were observed in
RAND measwres of pain and physical health [Pain in HMA vs, DPN {p=0.06} and in HMA s,
DN p~0.051); physical health in HMA ve. DEN (p=0.06)]. No significance was seen betwien
diabetic subjects with or without lower limb peripheral neuropathy.

[Insert Table § Near Here]
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Foot Bensitivity

Semmey- Weinstein Monofilaments (8WM) testing displaved several significant
differences n the geometric mean among the groups (Table 6). Bilateral significant differences
provide 1 more signiticant measure of tactile sensory acoity. The first and fourth metatarsals had
significantly different bilsforal thresholds between HMA and DPN. The significance at the first
metatarsal is-higher (p=0.01) than at the fourth imetatarsal (p=0.05). SWM of HMA had
geonistric mesns of thresholds Tess than 0.77 g for both first and fourth metatarsal bilaierally,
while DPN had thresholds greater thun 1,49 g None of the geometric means Is above the
threshold for developing diabetic uloers (10.0 gy in either HMA, DN, or DPN groups, however
two DNTand five DPN subjeets did have thresholds at risk for developing uleors, while no HMA
did, Thresholds of the fourth metatarsal differed bilaterally, significant and trend respectively
for the left (p20.03) and right (p=0.062} feet, between HMA and DNI. DPN had a siguificantly
figher {p20.033 SWHM threshold at the left heel versus HMA, but none was seenin the right heel
DNT had a significant bilateraldecrense in tresholds vessus HMA at the heel,

[insert Table 6 Newr Here]

Loswar Limb Electrophysiology

Bath DN snd HMA have higher (p~0.01) NCVs than PPN bilaterally for the peronesl;
fibial, and suval nerves (Table 7). Nodifference was observed in RCVs between HMA snd DNL
No hilateral difference was observed Tor'the Mowave latency test, The weaker significance inthe
tibial M-wave latency tust can be atiiibuted to the increased variance #s seen in Table 7 by the
93%e confidence interval, which for both DEN and DNI was greater than double the 95%
confidence interval of HMA, Between HMA and DEXN, bilateral sipnificance (p<0.01 forall

except feft pérongal pa3.03) was veen Tor both peroneal and titdal nerves in the Fowave latency
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13

fest, Biguificant lower (p<0.05) latencies wers seen in PN versus IINT for all Fowave ltencies
except lefiperoneal.

[Hnsert Table 7 Near Here]

Discussion

The comprehensive study allowed vs todook af slterations in both static and dynamic
posture vaused by Type-2 dinbetes In mature adults. Lower Bmb peripheral newropatliy,
prevalent among those with Type-2 diabetes, has been assomed the cause of the increased
Likelihood of fulls and instability {2, 11 Our study was uble 1o compare perception thresholds
ofmovement and static postural wetrics nepeople who have diabetes with and without lower
Linb peripheral srewropathy.

The acceleration threshold tests showed a distinet decrease in the ability to sense forward
platform movement in both DEN and DNI as compared to HMA, Our clectrophysiology
examinations could not aceount for the decrease, vince HMA and DINT did not significantly differ
i NCV vt DNhad signilicantly increased detection thresholds at both 1 mm and 4 mm
displacements. The WM examination did notreveal any significant differences between DPN
and DN, but did show a bilateral significant difference in the heel snd 5 significant difference
with o trend on thi Teft and right fourth metatargal respectively between NI and HMA. These
physiological differences provide a cause for decreased sensitivity of DX 1o motion, since the
DINT have higher mearythresholds than the DPN, and the geometric medn of SWM at both heels
was higher in the DNT than the DPN. More DPN(3) than DN {23 bad WM greater than 10.0g,
but none had any history of ulceration-or vaseular problems. The decreased sensation at the heel
provides a reason why both DXNT and DPN scored significantly lower than HMA on the Berg

Seale. The DPN and DNI selfereported in the RAND poorer general health, and also had trends
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ab nore pate and poorer physieal health, which could be attribuied o the Incveased SWM
thresholds of both DPN and DNT groups,

Bimmons, etal., studied diabetic individuals both with and without cutancouns sensory
deficit versus controls, -Our dataconfioms that DPN who had significantly different 8WM
thresholds from HMA, also had signibicantly larger antertor-posterior sway lengihs than our
contiol IMA) for yuiet stunding analysis (133 Our data also shows that our DIN{ sibjosts whe
alse’ hind significantly diftersnt $WH thresholds did not significantly differ from HMA for any
guiet standing posture metrie. Lafond, ot al,, also studied quiet standing diabetics individuals
with sensory newropathy vorsus healthy elderly, His duta and ouss confirmed the increased
anferior-postarior sway, bat our data did notobserve different medial-latoral sway between
groups {143 Nardone, ¢t al., studied both dynamic and static postural stability By subjects with
polyneuropathy diagnosed by nerve conduction testing, They proposed that the increase insway
could be atirihuted to the Toss of group 1 spindle fibers instead of group Ta motor fibers {213,
{mproper functivning of spindle Bibers has devreased cfficacy of musele stretch receptors; which
could lead to-postural instability. OurTIMA and DEN subjects had similar NCV scores as
Nardone, et al,and our DPN group corresponds with Navdone, et al., by the increased sway over
HMA, especially in antetior-posterior plane (211 Simoneau, et al., found that sensory
netropathy found by SWRLthreshold was more sensitive To giict standing postiral instabifity,
where our data provides that the decrzased NOVsof the DPN grovp siuse their significant
postural instabifity {100, The metric that Simoneay, ot al, used to quantify stubility was total

excursion, which we found a trend in the snterior-posterior direction only (10).

Clonclusion
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The DMAs with and without peripheral neuropathy show increased threshold for the
detection of movement; which i believed 1o inorease their risk of falls since they would beless
likely to detect ap initimion of a fall. However, only DPN display significantly different quiat
standing metrics compared to HAMA, which leads 1o nerve conduction s 4 eause o the
instability. Further studies focusing on diabétic individuals with cutancons sensory neuropathy,
with lower Embsedropathy, and those with both will help better define the cause for instability
it diabetic tndividuals. Draddition, further studies on individuals with peripheral nenroputhy,
but-who ate confimed to not have diabetes or be glucose-intolerant will better define peripheral

neuropathy’s and type 2 disbetes” contribution to postural instability,
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Table')
Subject Information

HMA (m=34) | DNI (n=11) DPN @17

Mean | 95%CE | Mean | 95% CL | Mean | 95% C
Age (vrs) 574 )% 2060 391 & 531 609 & N2
Height (m) LOE | & {003 169 a 006 0 LM 2 1005
Mass (kg 832 1% 36 0 978 = 1742 BE3 928
Body Muss Tndex | 2908 (& 171 337 (&0 422 0 37 =+ 38

A v PR e
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Tablel

Detection Thresholds

e

HMA (=34) | DNI (n=11) DEN (n=17)
gMean | aMean | gMean | aMean | gMean | aMean
Awceleration s’
1y TRAT 91T 1582 1774 1 1434 1379
4mm 34301 46.5 394 756 348 70.4
16 m 6.4 (223 320 480 234 341
Peak Kinetic Energy il
Lo 3207 (434 1748 (8358 694 185
4mm 1397 205 |28 (38 265 33]
16 mm 0677 093 151 244 113 LTI

A v DG

gyv:é:(}'ﬁ"ﬁﬁ

Ave PN g

Oes L HMA vs (00 ot

WG b ety

SRR we DR peit Y, ghean i the geometric g of B SWHM due tothelr Jog neire. The writhmetic srems aiesn,

ae inchibing sofiely Por comiparison.
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Table3
Rail Conglitions
Lvin dmin 1650m
HMA | 4(11%) 3 (9%) 0 (0%)
2@ 200 mmss’ | 1@ 100 mmis | 0
2 256wy’ | T 181 s 0
DNI | 7(63%) 4(36%%) 2 (18%)
24 200 ma's”™ | 4 100 mu's” | 2 @ 160 mms’
T 200
DEN |7 (41%) 3(18%) 1 6%
2@ 200 mays” | 3@ 100 mas” | 1 @ 100 mm/s’
2@ 200 movs’
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Table 4
Quiet Standing Metrics
M (345 DN (2113 TIPN et Ty
Sdbean AL ] Moy Wiliar a5

Standard Deviation-RIY 25w (1.6 3.2 Lo
Standrd DevistiopaAR 440 L e 7 4.7 14
%mdmi Deviation-ML, 29 1 i) 36 = 4.2 %11
guh 131 fw 34 164 172 5%
192 1 35 3.4 1% 134 75
Range-ME, LY 30 177 & 235 82
Mlews Distance-RD R 0y 230 44 8
Moan 1 e 5 L RE: 21 .1
Mean 1:;,1¢s§aw»1v§£, i3 Ui 18 @ 17 3
RS Destamcs Rl £ 1.1 R A% 24
Distanse-AP & 0.7 ‘ 26 14
RS Dhistance.M1, % 0o 13 5.2 14
Tofal ExcursionRID 3 641} MR 1881 (3R
Tobal Paenrsion- AP & 410 27w 1004 977
Total Brourston-Ml, 0% 134.7 14 1499 Gidd
- Mean Veluoity-RD & 32 | EEAE: 93 %1
Mean Yeloay-AP & 24 RAE: 30 49
Slemy Valoowwhdl, # Ay 59 % 13 34
Mot Froguoncy-RD % 1.1 4 1.1 ot
Mean Frequency AP # 0.1 0.1 b 92
Mean Frequenoy-ML & 1] 0z 05 | & e
95% Contidence Aren Uircle 2605 | o 1380 : B3 305K 1w 252
Sway Aren 178 = &5 I %13 WA 183
93% Conbidence dven Filipse ZEE3 Ik 1174 4372 % 158 3308 1 2409
Fractal Dimension Cirgls 14 % 0.0 14 & 1.1 |EAE a1
Fractal Dienson Bllipse b e 00 14 1% B0 14 0.1
Total Power-RD AZ400,1 | & 2008 T | BMRERT | 2B44000 | aD3753 366170
Toul Power AP GTAETH e L IARTR A L OIDOR0TH o L IB42088 | 1211778 S236.5

Total Power- ML SO7HS e LSEOIRE | 1R85 4 AUGROD | 605226 | & | 813667
Median Frequency-RD 6.3 | 0.1 04 0.1 G4 82
Medan Froqueney-AP Bl e 0.1 DERE. 01 03 % 0.1
Heledian Fregquency ML B2 = 1 0.2 & .1 021 % o1
95% peak froquentyBD 16 % 04 18 % 4 17 % a5
D505 equeney-AFP 14 % L4 14 & .4 1.3 3% .3
2% peak freguency-WiL 12 & L3 1.3 & 04 L3 & @4
Pentrond Frequencv-RD 10 % 0.1 114 0.2 Bl a2
antrind Frequanoy. AP e 1 09 & 42 49| & [
Centroud Frequines-hil, 0 (1 0.8 Lk 02 (R 9.2
Freguency Disperao G6 | & 40 06 & {1 (L6 | o g
Freguency Disper 06 | & it 6 | & i1 L6 | & i
§~requemtv Taspersicrehdl. ny 21 07 & 1481 07 % 147

THMA v DN fiart o A VS DPR i & 31MA va DPH ol Al mtnos based o mm.- Froquany mddvies sreinHe,

e Volooily s b mmds. Aro mfrics s ey’
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Table 3
Health Burveys
HMA DN DEN
| Mean  Bank | n  Mean  Rapk [ n | Mean | Rank
Mini-Mental Exam 34 02006 3491 111 390 12632 17 293 28403
BERG 35607 300 111 533 2308 16 557 3000
RAND Moditied SF-36 with depression screener
Phyvsical Fupstion 32 0840 372 0L 7RE 2686 160 739 B6T2
Phvsical Health 3208320 13356 11 738 2709 16 676 | T4.8%
Emotional Health 320 844 (3148 11 784 2833 16 TR0 2843
Emotions] Well-Being | 32 764 13062 | 11 776 2782116 759 3043
Ynergy/ Fatigue 320 673 324211 633 300016 566 2516
Social Fonction 32 8771 13325 11 822 12677 16 802 2572
Pain 32 83473477 11 698 2323 16 706 2513
Gengral Health 307690 3647 11 383 12091 116 6340 233
HIMA v, PN peil 05 T TINA v, DL 0,01 THIBEA ve, DR 370,06 VEIMA v, DINI pod 051
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Table 6
Semmves Welnstein Monofilament Test

HMA DN DPN

0 gMemn  abMean | n | gMean | aMean 1n | gMean | aMeun
Lett Great Toe 34 048 .99 111059 RSN VA W 318
Left I" Metatarsal | 34 0.44° | 0.79 Mooy |21 17 20 774
Left 4 Metatarsal | 20| 0.59°7 | 0.96 g 215 407 11| Led 324
Left Heel 211917 334 £ 954 1 4L11 112 84 2135
Right Great Toe 34 D4 078 111078 10 017 132 2.39
Right 17 Metatarsal | 34 | 0.51 0.7 i 070 116 17149 391
Right 4" Metatarsal | 20| 0.77°  L15 ' 8 [ 120 | 202 11275 1120
Right Heal 21 230 30w g 633 IS 12545 .74

IR e TP a8 TR v DO o 01 T DS D a7 S AT R DN e R T

FHMA vs, DN pR 062, o

ixthe

o nign of i

"

dsosbds e b thedt power bw relat

s soctlersition thoesdold. AN vaits arem grosis Vi aritmistic mes, ¥hbean,

iy f

sukely fur

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

354



355

p2

Table 7

Flectrophysiology Besolis

HMA DN DPN

n | Mean | 95%CL Lo Moean | 953%CL 0 | Mean | 95%01

Conduction Veloelty | ns

1. Peroncal 340469 [ 131011 4540 2 186 17 405 s LR
1. Tibial 34 458 & LA0IT 4647 1o 188 1’7 e w192
Lo Sural 28 145,10 [ 13007 T 4 336012033 w22
R. Peroneal 34 4697 L LIRM 1461 218 17 403 @ 203
R. Tibial 3456 1+ LTI 45 241 16 405 e 23T
R. Sural 28 1449 L2 | 13T 4ol 262112 389 4 220

Conduction Latency | Ms

L4
=g
e,
N

16 | 5.1 & O4%

w
&
T
f
o
s

Mowave L. Peroneal | 341 4.5 4.5

Moo L. Tibial 33143 = 041 1147 i 121 1161 3.8 109

M-wave R Peroneal | 33 47 £ 034111146 202711538 % (.31

Meowave R Tibial 331 4.5 = P21 54 13215 55 £ 1 109

e

Favave L. Peromeal 133 | 300 |2 | L7811 1509 L& 300116 369 4422

Fawave L. Tibial 330309 1w LB 1Y 553 e 265 16 609 2 344
Fowave R, Peroncal | 33 1 49.8 & 2620 11 1 510% 2330151372 (2 443
Fowave R Tibial 3530 L& 15601105350 (5 387115 608 5 418

MR w5 DPN prb i T Biive TR ped T HM Ve T et 8 TN e T ¥
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Acceleration Thresholds

200 § 1
: “:: : 1 mm

150 vt e G
i,
[ 100
&

50

0

DPN DNI HMA

figure 1: The left-danting lines refer a imm move. The cross-hatched lines refer to 2 4 mm move, The right-
shanting Bines refer to.a 16 mum move. Error bars provide the standard error. DPN and DNI show
proncunced deeveased acuity in detecting small apterior perturbations as compared to HMA ot  and 4 mm

movements. Values are the arvithmetic means.
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A system for measurement and calibration of nonorthogonal joints
and limbs in humans

Chrigtopher M. Btorey, Member, JERE,

Abstrack—Hunen Toby are-n walitioked systens fn which
the revelule Jolnty are not aribogoal o the Bmb segrvnts or
s euch otber. The smdwd wmethod - for sooveinents of
multhinked.  systéemas 55 the  DepmavieHovtenberg (DD
Bopreventation, which i ueeful Tor orthogonal systenis. When
appifel G sonorthopoual sydans, the DH reprosentation
projects the reference franes outside of the. Tk segments
Computer graphics eehiniques fuove reays of polnts in bodiey
st meve aboud arbifeary sevolidte folnte "Thiy conpitationd
wiodel T been nwdified 1o calcalite: hoth. postiion (X, ¥, 2)
and  orfentaiion {vaw, pheh, Aol velly of Thabs ety
tividunt  sepments. This  methed  affows a3 doplified
vepreseriation Doy the Risemabics of anbial Roobs.

E. BOBOnUCTION

Man}' mechamioal systoms are composed ef igad
E segments linked by shaple kinematic mechanisws
suvhyas revolie oints. Roowldge of positions sd
crentations-of the links and revolute joints bs easentinl k.
machine conwol: The current siandend oy caloulating the
position and ortentation forthe referdnoe Ty of these
linked machanisms 1s the Denavit-Harenberg (0H)
Representation {11 The DH Representation assumes rigid
Yinks bevveen lmbs ba w0 simplifies from the defined
pasition snd orentation with displacement and Buler angles
1o fosur umbers requires orthogonality betweern limbs amd
finks {1 The DH s a relatively simple system that works
well when the mechanisms we vithogonal. The
stnplification is the result of choosing conrdinate frames for
the links thatdo sothave to lie withon Jink or imb {1,
Humans and animals have revolute joints that s not vsaslly

Mungsori recsived Al 34, 2006,

© M Bloey B owithothe B el Baglnesting Theg 5t
Louighuni Tech Lntverdty Rasturn LA TIZ Us A pticons 300982508
RS el Gt it ey

A M- Holister dowill Todgang Skas University Healsh- Sdoees
Cyatiaer, Shrevepors, La, TLHUSA (el dnndumaiimen.conit,

L Robdason s with sl Uosler B Rebubiliation  Eupinceriig,
Sxlense: sl Technohopy Chobsen Dobvepsity, Patadagy, WY 13600 1184
g The Seracess VAMC Resoad Servion, Swmose. HY 13200 {emuib
anhinsomiote ey

M MLWHRe! b with e Tk Dopiniment o Lomdann Tt
Uinbversty, Buston, LA TIX U8 demaibwitrolddlatech edi)

G Anderean. 8 with Bie Mechantosd. Eogimeecing Do st
Lamsin Tich  Universty, Bosten, LA THIT OUEA feansil

7 15 3 Loy,

12, London bs el e Math g B 4 Pubane Lok
New Orlemss LA TRHR TS tomall ilondbmiulansedi,

WL Bafed B B oweith the Weseneh Diviston of ¥ Tupativent of
Ceapaedic Sarzery and Redubebivgion o The Unbvnslty of Tovey Medied
Heancl, Cajvestan, TX, 77555 USA femal winfordSutmbeday

Aune M Hollister, Chardes 1, Robinson, Fellow, 1
Novman M. Witrdol, Dale O, Anderson, Jobm € London, and William L. Buford, Member,

parpercticular toeach other or 1o the Bavbosegments, anddo
oot paratiel o global weference frame coosdinate {21 Such
Joints are known as wrbiteary revolule joints and can be
described as twist and orank angles. s vedtol fom thé-orign,
and the Jegress of rotation (pich - & ghott the revolute
Juing. D yepresentation of non-orthogonst svitems project
tha locsl reference Trames cutsids of the limb sepments. Our
praposed reprosentation places the Himb sepment and Joint
referonce frames within the segments or joings, Siciliteting
the measwrement, design, modeling, movemonts and conitro]
of these systems vin metheds developed For computer
sormaticn [3] The parameters, which must be measured in
the el Hmb, are expliontly stated and are varmbles i 'the
generalized equations.

I dMEmmons

A Seftware

The program was written in Matlab™ o have sccess of the
watres mathematics functions. The progrms was oblest-
orfented to allow for case snd robusiness of expumsion, The
softwrare provided test {Bxos] Spreadsheet), jpe {picmrel,
and avi (Wideo) auitpul representing motion.

B System represenintion

Thee smplest systom conststod of twp segments and o

simghe foint, The reference frame for te Brat Hnk was placed
at the origin of s Cartestan evordingte system. The
displasement vector (B, the x, ¥, anch s measurements from
the first segment’s referonce frams o the senter of the frsf
revelute, were rectrded. The Himb local soordinates may be
plased anywhere, inchading g Incation along the revolue
axis T biclogical systems, the center of massinthe
statinnary Hmb segrvent s difficult to establish and &
whanges ss the wuscles longthen and sontract. The gyand ay
angles wers the twist and crank sngles of offset from the
preceding segment’s reforence frame needed fo wlign the
revidule wes of motion with the z-axis of the preceding
limb. In relation to the second Tanby the oy, g, and I were
the varigbles measured that were needed 10 fotate the axis of
rotation 5o as o align with paxds of the pext sepment and 1o
findd the distance from the joint conter to the following
segent’s center. There for the method providesa delintiion
»f the orientation of limbs relative 1o their joint.

o Deftwitions:
Acvertices matsin (EVel Bu {130 was defined by the joint
mamber, 87, therefore, all Tonbs distal to-twere are
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operated oo pesessed fothe matrix. The substript s
eigus 1o the nomber of e mostistyd Towh, Bach b
sequires 12 columms of themetax fexpandabde formorse
verticesy: The Tirs eight sobumns wersthe b yergdors.
The rinth dolinrn wiss the Tinb centér, and the T0% 11 sl
12 soluming were the local 5 v, and 2 vectons (nof usit
vectorst of the Toesl soordinate sysivin relative fo global
Cartekign coordingte sysem.

)

& " Z&Z :

1 T 1 i
S vranshation ki {1 ) Ba (20 wasdefined by s
sulbsiript # and 1 owhich definedd the olseyas “from
proximal” {p) vr“to.digtal” (td) fo the limb
100 Ay
4 P 0 Ay
o8 1 &:j
i

Remation araivices {Ra .0 were defined by %, 1, and
whith was the s of retation. Bauitions (103 show the
rotation matrices for rotating abont thie s,y ahd raves
sespectively, Rol (o was delived by the ritation shoul the
weasts- Yow (o provided Sepolalion shout prasss. Pich ()
deseribed the rotaton about the z-axis.

&

H o {3 i
0 cosly) sin {,;f} o 3
G sin{w)  cosiw) 0 ¥
{3 @ & i
cosf{e) & sinly) O
it i 1] B
: 4
~sinle} O wosfel O @
4] 0 4] 1
i ‘Si?} ~gn{g) 0 ol
::iri ‘ 9] m{\é} il i‘) s
i i 104
¢l [ &1

A ot rotston mateis {{Rev [T delingd the mmount of
rotation aboutthe arbitrary axis of the revolite joint. The g
arwd g sngles of offset are caloulited from the saxistoaliow
for the define rotatrof the joint 4o be about the: zaxig s
B 053 A single votation satrin (ERM (owy colunug]) was
yised 1o defing the onentation of s Himb in space througha
single totation once the yow, pitehy and roll wastebulated

R .
,4:,{,;9 { d i af?ﬂ ? %g(e? &{»{ ,}? ’93 %{@%XS(‘
T o)
i {4
To Bipation (6}, ¢

rekers o vosine and ¥ 1osing,
I Svestem Description

Fo eage the difficulty i selting up the model with-global
positions anid anglés, 4 velutive sysiom was ussd through sn

siiect-oriented design wilizing Hob, joint, and system
ohijeets. The global origin and axis were designsted to be the
Toent origin and sxis of the most proximed ek of the
gysven. The Hmb was modeled o5 a cuboid, whichcan eusily
b chamed S0 sy shape W any shaped by sdding wndfor
resnoving vertices. The cubeid was used siemptity the
progean and was defined by Tength, width, andd height, The
Jocal arigin for each B was defined axit goometric
senter. The joint was o single axis revolute joint. Tl conter
of the revelute jolat was ot the local origin and shigned with
the zais. The juint was defined in refation o the proximal
sl disral Hmbe Dueto the sequential operstionin
trawersing this timd, the program wae designed arbitrardly s
a prowimal to-distal method, The easire made for each
Joint was the xg, ye, and 1e 0ifset from the proximal Binb.
These defined i position i space by relation toproximal
bimb, Mext, the g {x-axish, gy (raxis); and 8 {raxis} was
measured s the of feet orientation from the bost axicofthe
proiial b, Then the same sifset orientations (g, e
andk 8,y were measured to rolate the revolute fointtoalign
with the saxis of the distal Hmb. Finally, the offser was
migssured from the center of the revolite joint te the
grometrie center of the distal Hmb, which provided ks 3
and 25, Mo g Hinitation wak epablad toallow
eoordinaties or srientations that ore considured ot of the
vamge of natural joint srotion ax in fractees of disksostions,

T Pron o THE MULTE-LESER SYSTEM

A mnltdisked system wos
of ar initial stare, The local comrdinate systoms wor set ot
the arigin for all lmbs Therefore, die Himbs were moved w
their sppropriate positions snd pricntations i space vies
sequence of matris multiphications as shown below:
LIV = Tl Reepd IRien] BRian] IRie] Ripul

[Rza] [Tesa] FV1]

bybord v the Sp Hisilion

3 [Nl {Tapl iR, rfp] [Rayp] Ropspl [Recnal IRzpal
(R o] [Trea] V3]

T

L

oo .

& {V} {Tf'fpk [R\W §p,t )Igj 'R#.JP iRﬁpm {Rw,ﬁd}

[Rnal [ Tisal [Vl

1%, ROEATES ARUT 4 SELECTED JOINT

The tackof onthogonality betwein the ot ies and the
global zoopdinate system presents o problem with jont
rotation. To eotate the distal mbs around a respective joint
{#3, the joint was ranglated 1o the global origmand the aas
of rotation was akignet with the zads. The saxis s been
dexiiznutent gs the us the only axis of rotation for all Himbs,
Akt other anes were held constam at initie] speeifications as
shivwy in the following sequencs:
Lo L= Rl [Raspl Mgl IV
4 Ifjmintd ;ea wmt of mt':mn mmp 19 4tep Cight.
1] = [ %Ru,m] Rl ™ PRl Rl 1%
[Val ™ Bapl ” Rausl ™ [Tand" [V
a1 joint is joint of rolation, jump to stepeight,
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Aﬁer soint wasrotated, the gvgten wag retimed b thelr
proper global cosrdmates-as Tollows:

Lo Vel = [ Tap) Ruad Bepad IReind Rapsal Bl

, TR [Tl [Vl

P : .' iiii '

4

5 % A )

& ¥ fi Wuﬁ Rmpi By My Rl 1Rl
Bl [l [¥9

Voo Xaw, PIrcH, s ROUL o Laves

The retationaboul sn arbitzary wgle fn the mafidinked
system of Timbs allowed distal Hmbs o have changes in el
spatisl rotations ahout tyore than dne axis stmulisnessly,
Theretore, thienes yawe, pitch, and toll was cdleulated nfler
prvimal jomts anw beerrotmed, ot o wvoad soom o
back caleulalion of e orlenption vig positioneoordinates
smreal dotn, the vaw, pitch, and roll were caluulated on the
{ly with redations trough multiplisstion of oaly the rotation
matrioes, Diue o ihe soquenmss necessary Tof rotation using
Buler angles, the orientations wers-saloulsted the opdir
sedl piteh, and vaw i the bk caleulation from Cortesian
sourdinates g0 the Bulérangle muluphestion sequence for
rotations can take place i the orderof yaw, pitch, and roll
Thie same order was vsed to calentate 1n 8] The caleulation
ofvaw, pitch, snd roll was tebidated hotlrwavs st et aach
method eould verily the oiber, The methoid of back
saleulation was scponphshed by Hirst ranslating the limb
bark to the globst arigincof the coordinates system by using
the Hmib center aa theolfuet for the rmm}sum madriz {7,

,E 48 x,
zn Pk oy -
oot oz, @

I T N B

The Hinh nusyber (o) desoribes the Tonlito be tmnsdated
and later rotated, Oree the limb was al thie prigin, the loeal
s vestors wWere convirted 1o thelr Tekpoetive Uit vector
eonsdmates Tor the y-axs (8010

¥
e i ®)
il e {9
Y - . {10}

‘h}ﬁf,ﬁ 4 z)sji

Roll () was caloulated by profecting the local yeaxis unit
vagtor one ye-plane (1) end ealeulating the angle of
rotation (i) between o and the global y-axis 121

w'el0y derde] (an
o cos“g{sf‘vlﬁ,l, ifi}}%z &," am
e ks

The are sosine function anly retumed vadues between zoro
andd 2 vaelisns so 10 was sultiplisd by a factor that was [ or
i depending on 2 oF Q»mmwmm of yanis vnit vector) in
respeet 1o thesy-plane. A shilar respestive Bclor was
mibtiphied to determing sngle dinsction for vaw and pitch,
abso, The computer snmateon siandard sotations utilized tor
the methodology desigrate positive sngles as counter-
chockwise rotations [2]. For wa positive smgle reguired #
choekowise rotation fo slign o with the g lobsl xS,
Therefore, the ealeulaled i was mwr!ed The rewsining
calgulations of prich () and vaw (o) followsed the standard
convention of positive angles are For eounterclodkwise
mistations, Using g anue-aus rotation mateis was used &
rotate the Hinb so thay the local y-anizvector ley in thie xy-
plane.

Since u " already Hed within the xy-plane, but it wag
alonldted with the absolute value of w {3 3% Piteh (0 was
caloulated from the angle of rotetion betwedn o and the
gkﬂmi eaiis (143
ntlxdi O

; €13
s ([0, 1,07) WX de
it b

Yauw {0 required the use of g separate foca! sxis since the
local paxis unit vector was aligned with the global yaas
This breal w-aris upit veotor was caloutated fonly xand z
coordinates; {15) and (16Y) w project onte heaspling (17
and the angle betwern the veaxis vestor and the glebal wasis
provides one with the yaw of the timb {18}

# =

143

€153
16}
. {ThH
5 {10, 0 O
Pl {’_‘ b, ~"1 %)

{Hikzing ibu o8 eulai&d vaw, pm:h and roll, one isable to
fove and arient the limb without sequential steps as in {150,
DVl =TT IR IR TR Vi) (19

The back of ability to make small messurenrents for the
position of Hmbs introduces the possibility for farge sroes
when back caloulating this vaw, pitch, end roll o s timb,
énpecinlly 4t the asvinplites, So in addiionw back
caleulating the vaw, pitch, and roll from the Himb's position
velative to global axis, the vaw pitch mdisll was calonbited
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by only wsing the fnputied rotation matriges. The rotution
matrives were ordered as they would For multiplication for
building of limb as previously shown, but-no translations are
used. A rotation matrix in (5) s obtained and by using an
ardered sequence of rotation matrix multiplications
equations are given to back caleulate yaw, piteh, and roll
fiom the values inthe rotation matrix as follows:
Ruxpd Repapd Racged [Rizan] [Rig] [Rexaal
m'z;;,t‘p] [R w.x‘\:{i [Rz.z.(p] {Rfu‘m] mn:,v.m] [RM.M}

@ e e e b

{RMa] = Raxe) [Rewred (Rusnp] [Rusaad IR Ragna}
The pitct was calsulated first, sinve it is in the equation
frown the {6) thar has one unboown, The are-sine function
bas a range {172, 5/2), but since the arder of yaw, pitch, and
rold, rold was rotated fivst this guarantees that the pitch will
abways e less than S0P,

&= s (FM0,2)) {2

Raolt as in (12) was negated to provide the correct rofation
direction. The 2z _devestor value was the same for ol and
vaw as calenlated in (107 and (16) respectively. Since the are
cosine’s range was [0, a], the z_de vector valus was used to
determing the sign and the divertion of the rotation.

,_x[mwi;z.e}“ zwﬁ(u]

o GO | e e {21

| cos{#) !:wdn‘l

o= cos” R (1,1) *[zmdc] )
| cos{d) \izwdc"

This miethod allows one 10 track the vaw, piteh, and roll
of the limbe without the need for pesition data (exeept to
track the sign for vaw and roll).

A Results

To verify our methods we rotated 1o position and then
back to initial position with different rotations on the way
basuk 1o the horme position, Our final vertices matrix equaled
the initial to verify our method since a closed Joop rotation is
an identity matrix. Table 1 shows the sequence of rotations
arud the inftial offsets that are hustrated InFig. 1. Fig. 118
the display of o simple svstem of coly two arbitrary revoluie
joints-since it the points wers rotated as a mateix of vertices,
which mukes it simple to expand to detailed objects. The
vaw, pitch, and roll was caloulated both through rotations
and by Back caloulation feorm position in both joint with
rotations frovn <1809 10 1807 in 1% increments and were
found equal when compared,

VI A MODEL FOR CALIBRATION OF ANKLE ANGLE
MEASUREMENTS

A model of the ankle was developed based on three
segmernts with two arbitrary revolute joints, The segments
are the calcancus, tabas, and mortise (somprised of the leg
bones and ligaments). The arbitrary revolute jomts consist of
the taloorural joint snd the subtalar joint [4), 15} This allows
15 toview the snkic bones a3 they rodate naturally instead of
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about the sssumed single orthogonal axis of most models
F6). This will help to inerease the sceuracy of measurements
of ankle retation. The determination of joint moments and
reaction fomees make it possible for more realistic and
natural ankle prostheses.

VIIL Conorision

This computational appraach provides caleulations for the
paosition and orientation of limbs amd revolute joints
throughout the system’s motion. The method Facilitates
maodeling of kinetics and kinematics of jomt in human and
animal Himbs and firther force analysis. The ability to
calibrate accurately small rotations of nonorthogona! joints
improves the measurement of orientation of Hmbs. The
methodoogy allows for measurements and ealoulations of
joints without the need for any mutually orthogonal axes
that soudd le outside the body of rotation.
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Abstract

To forret ovr subtle clues in the data that we collect, we need highly stable and reltable
instromentation, and 4 way to link disparate duta streams together. In a typieal laboratory such as
ours, colleeting avariety ol physiological dafa in time-syneed Fashion has in the past required a
namber of deskiop computers, each one hapdling a different aspeet of data collection, This
wealth of daty requived us o 4o laborious offeline file conversion and synchronizing of three
main data streams. Since new techiologies such as hyper-ihreading and duat-core technologies
have brought enormons power 1o deskiop systems, we opted o use a server-stvle systamto be
able’te multitask in a networdcenviromment, butstll pwmintain Windows XP as the operating
system, The server platform provides us (e means necessary to combine our various data
vollection schemes into a single umit, and for an-tipe data calibration and conversion, while still
allowing us.an ¢axy lrapgition from our previvis hardware and soffware.

Introduction

A wealth of multi-dimensional data can-now be collected during biomechanical studies of human
wiotion and postural reactions 1o perturbation, These include biomechanical measures ke AP
and ML Centers-of-Prassure (COPY, weight on platforny versus weight supported by harness,
horizontal grovnd reaction forees, head and foot accelerations in multiple dimensions,
distributions of pressures under the foot, and joint and limb trajectories as measured by motion-
capture warker svstems, Molti-channel EMG data-and psvechophysical responses collected
simultaneously add richness 1o any contral mnodel built,

Collecting all of this data in time-gynced Tashion in the past has reguired using a number of
computers, ¢ach one handling a different aspect of data collection, where one computer serves as
the master and trigeers the other slave computers 1o begin data collection, Yet many-ofthe
vendors of propriety data colleetion Interfaces (1ike o pressure mat or a motion caplure system)
supply there own proprietary softwire To act s a mastér, with other data slaved in. For large-
scale ohservations, this Teature results in'a mupber of datasets collected over the sanye epoch, but
does pot necessarily ereate datasets that aredime syochronized with one another. Using each
device az a'master; with data from other devices imported into each setup’s data collection, the
already large size of the data Torwsingle expartment rapidly grows due to the storage of
duplicate data in multiple svstems. However, the datasets are not truly duplicate, as each wag
processed a different way, with possible variations in amplitude and noise and certainiy offsets
timing.

Parallel processing requires gystems vapable of running thread simultancousty. While paralie]
processing required mulbiprocessor systems, sew lechnologies such as hyper-threading and duat-
eorefechaolopios have brought this power to many desktop and laptop systems. These
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technologies provide the ability to ncrease multiprocessor systenis exponentislly, which ts the
Dasis of many new server platforms on the market

Time-Series Data

ke most research laboratories, our lab uses computers to conteol our expariments, colleet data,
analyze the revults, and write up eny resultant manugeripts. Our studies investigate the psycho-
physiog of balance and postural control.

Al people sway, We make very short pertarbations of a platform on which a subjects stands that
are-generally of 2 length Tess than that a person’s sway, as measured at the foot and ankle, and
fience should be and are near theability of asobject to deteet them. Using pevchophysical tech-
niques, we apply peri-thireshuld perturbations 1o fteratively find the detection limit, and attempt
16 figure oul what physiological or biomechanical variable(s) was (were) used by the subjects in
making s correct detection, o led theny 1o a filie detection. Details of our expermmental set-up
and procedure have been destribed adoquately elsowhere. Here we nate that our $liding Platform
For Assessing Lower Limb Stability with Synoed Tracking, EMG and Pressure measurement
(SLIP-FALLR-STEPm) is 4 vibration-free, transhating platform that rides on air bearings{i} Ouwr
typical protocol has 3 subject picking owhich of two 45 intervals that the perturbation occurred.
with deta collection occurring mothirty 13s windows. This protocol is repeated 2 to 4 Himes,

Fo Terret vur subtle clues n the data that we colledd, we need highly stable and reliable
sistrimentation, and 2 way to link disparate data streanss together. During the build-up vears
ourlab, we grew the experiment by adding haedware ag a system. For instance, we started with a
single computer for experimental control and data collection. We added another daia collection
compuier when we infroduced the measurement of the distribution of pressure under the foot
from: an HR TekMat. We also Tater added a motion capture system that psed retrowreflective
markers 1o trace the movement of the joints and other body reference points that could be caused
by the perturbation. This system also had ity own computer. We used digital out signals from the
conttolling computer to trigger data collection routinegs in the other two computers, Fig. T details
the setup and the ouputs,

Irithe past, thig'wealth of data required us o do laborious off-line file conversion and
synchronizing of the three main dala sireams. We wished that all of this conversion could oveur
simultanesusly during data collection, but the computers in our original implementation lacked
the processing power to process data-efficiently without testing delays. The owtdated wechnology
could not take advantage of multithreading to parallel process.

Specifications for a New Lab

With somove to another widversity, 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 regearch service. Based on #10 vrs expenience with the origingl SLIP-
FALLS lab, we set-down a series of specifications for the new lab:

. The essentiul elements of the user interface nesded to remain the same as seen From the
elinieal envivonment,

2. The command and control aspects of the platform had to be functionally equivalent to
previous implementations, and previous vode had 1o be reused when possible,

3. The eperator should be provided a user-friendly intesface with which to monitor the
progress and putput of all these procosses in real-time during 2 testing sequence.

4. The number of chanels of data collected by the FALLS protocol must be increased to
allow for additional sensor and EMGe inputs. The EMG channels were to be increasad
from the original four 1o 4 user-selectable hetween four and sixtzen. The amount of
support the safety harness provides tohie subjeet should also be collected and culenlated,

5. The motion analysis system should be uppraded from a single camera, 22D systemto 2
smulti-camera, 3-D system,

6. The FALLS data should be immedintely soredin ﬁn%inceritlig units, rather than i raw
voltages that required posi-possessing. EMOG potentials should be converted onrline and
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3
stored as RMS time-series data, with a further conversion to a percentage of that seen
under maximal contraction if possible.

Dover DMIM 2604 - .
Command/Control _— Positien, Motor Cursent Data Collected ‘§
Lincur M Dell DHM (2.4 GHz)
e | @O sk LS GBRAM SLIP-FALLS
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Figure 1: The original SLTP-FALLS-STEPm lab consists of a sliding platform (SLIP), hardware and software routines (FALLS)
for cotlecting neurophysiological, biomechanical (Position, Acceleration, Centers-of-Pressure), EMG and psychophysical data;
and equipment and software to simultancously measure position markers, and foot pressure distributi ons (STEPm). The SLIP is
controlled by a single board Programmable Multi-Axis Controller (PMAC) that receives commanids 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 (TelcMat) measures foot pressure distribution with an array of 87 by 96 sensels (4 per cm’). A separate computer
controls the TekMat. Tts data collects starts with an external RS232 trigger. Motion capture of thelocation of retro-reflective
markers is achieved by a single digital camera Peak-Motus system, along with a back-up analog camcorder. The peak computer
istriggered 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.

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 rmaintain 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 multifinction data acquisition card (NI
PCI 6034E) from a 16 analog inputs to 32 analog inputs (NI PCle 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 conditiomng and signal access we used NI SC-2345 and NI
BNC 2090 for [/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 acquite 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 acquired by VICON, 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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For the fisal specification, the data had 1o be converted on the fly to engineering units without
cansing any testing Jdelavs. A computer was needed that could paralle] process thréads, and net
oaly ubilize pracmptive muliitasking. New conipect multi-processor server technologies were
our focus foranew FALLS computer. We decided to purchase a Gateway E-9315-R series
gerves 1o méet the fourth specific.

Implementation

Traditionally, Tor compiters 1o beable 1o multifask in 2 oetweork environment reguired & sepver
style operating system. - Due to suth  small consmner base, there was very poor hardware
support, which hag left 4 mark on'these who bad endeavored to utilize its power inthe past.

With the advent of Windows XP 1o the general vonsumer, which is based off MicrosofUs original
server platforny, the ablity for user-driendly server platform was Tnmched, Windows XPwas
chisen due to #ts widespread vse and Banviliarity. Yot it rematned stymied by its everyday use on
deskiops that it could handle computers that are miore powerful and eflicient.

Windows XP has both-great harsdware and software support, but if vou v fo purchase it with a
sepver from major compiter manufacturers, they will tuen you dosn, or let you purchase
separately with no support. They want you to purchase one of their newly branded server
operating systoms, which keep with the old tradition of having poor hardware and support for the
everyday wser and rescarcher, These sorver aporating svstems are expensive, which vomes at the
cost of paving per-tser livense that allows Tor 2 frue multi-user environment, Although this
provides a lmitation-to the consumen o multi-user environment would be a seldonv-used feature
inthe labenviromment, Sinee companies want the consumer to pay lmndreds to thousands of
dollars more for official server operating systems, they place limits on the software so it can-only
use wcertain amotnt of the computer’s resourees,

Windows X7 hasa limit of two physical processors, but thanks to new technologies in the
central processing unit (CPLY), the limitation has become less stifling. Our new server class
wiachine in Fig, 2 is composed of vwo Intel Xoon 2.8 GHz Dual-Core Processors: Eachoeore also
contains hyper-threading technology that is similar to dual-cope but shares resources. Therefore,
the seftware Hivdtation imposed on us 3 met since we only have fwo physical processors. That
limitation s surpassed by the Fact that we have cight 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 vun independently and asvnehronously,
New mudtithreaded programs are able 1o push the processing envelope by distributing the works
load-across:all the logical CPUs. For our SLIP-FALLS-STEPm platform, we use LebVIEW 10
run ouf experiment, record data, process dita, and synch with other research systems, LabVIEW®
provides a nfce graphival progranuning inferfiice so novice programmers can use it i also allows
for the flexibility in advanced programming For creating threaded applications, with
communication streams between sach, and for communicating with third party software.

The majority of our data analysis s pecformed in the Matiab package. With LsbVIEW 2.8, vou
have an casy toseript object o communicate and process data in Matlab. Given that we
mtegrated and threaded our data avquisition and analisis, we have virtually eliminated offline
processing time In addition, Matlab van take advantage of Itel™s Extended Memory 64-nt
Technology (EM64T). The EMGAT permits us to run Matlab 64-bit on our server, which also
requires 4 64-bit operating system (Windows XP 64-bit). With 64-bit software, the EMs4T
allows obise 1o address over 4GB of memory o which will dramatically decrease the procissing
time by renioving hard drive reads and wriles due 1o virtual memory usage. In addition, the
EMGAT provides 64 bits of precision for acourate caloulations. Nonetheless, we still have not
reached the potential of our server, Therefore, we deeided to run simultaneously the data
acquisition hardware and soliware Tor Teksean fovt-pressure mat in the server.
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Figure 2: New equipment set up. A chal core; multi-processor-Gateway server runsing Windows XP, LabVIEW 8.0 and MatLab
2006b is the new FALLS computer. The Magma PCI bus extenider 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 Tekgcan HR Mat controller PCT card
no longer resides in a separate machitie, so that data can now bebetter timie- synced. The motion capture system is upgradedtoa
4-cameta system, each-at 4 MPixel at 250 Hz, along with faster CPU. If desired, an analog video record of the test can be
aceuired. The output of the new system is such that no post-processing is recuired 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 SV conmection. Some older cards (audio and Tekscan
PCI cards) are setup for the old 5V protocol, which required us to develop a work-around, We
installed a rack-mounted PCI bus extension system by Magma, which allowed upto 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 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 systern, whichis 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 dllowed us to control multiple pieces experimental
hardware (Dover DMM 2004 and Tekscan HR Mat) similtancously. 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 striping the data across the hard drives with a parity bit, it enables the userto
rebuild 2 hard drive”s daba completely 1 one craghes Tor high data security,

Berver hardware was wol designed for any Hlashy graphics cards, and there is no set high-speed
grtiphic bustouse. However, the server lus the new PCle standard that many high-powered
video cards carrently vse wday For ourtest monitoring, we chose the w rorkstation class video
card by NVIDIA because 1t gives is the sbility to monitor all test parameters simultancously
since it fas-the ability torunup o four digital monitors. Also on the PCle bus, we have our
National Instruments daty scquisition card, 10is wired to two external ubs thai allow for signal
conditioning and data line access, These modules altow for synchronizing to both interual
{Teksean) and external { Vicon-Peak soltware for total integration of data collection.

The Vicon-Peak system is o three-dimensional marker based camera svstem. The digital input

and oufput (DIO) ports of the National Instraments DICkallow for trisgering and synchronizing
the video eapture daty to testovents. Syiing is needed since there could be a delay before the

ecameray beganrecording,  Byneing also allows the three-dimensional motion captare datato be
aligned with the other dafa acquired by the server,

We have improved upon the data acquisition parameters of the original selup, Originally all sige
nals were conditioned by separate-external Daytronics signal conditioning modules with numenc
displays. Now. a National Instruments SCC system s nsed that enables us to do individual two-
stage signnl conditioning on each live if needed (0.8, strain gage conditioning, followed by low
pass filtering). We have used theii SC treadboard modules on some signals to build sur own cir-
caitry lo remove farge DO offset voltagss Tn some of our accelerometer signals. The LabVIEW
driver sofiware that comes with the SCC takes care of gain and offset calibration so'that data i
sent from the $CC already incalibrated engineering wnits (Le., mm}, rather than in raw numbers.
This automated scaling and unit conversion oeowrring at data collection decreases the need for
post-progessing, and partially addresses our design criteria 6, With the SCC, we upgraded our
data acquisition card Yrom 16 analog fnputs 10.32, with the SCC taking the fower 16 chaunels,
and EMG inputs the upper 16, The new 16-channel Delsys Bagnoli EMG amplifier has 2 30-pin
outpat conmector that interfaces directly to a NI BNC breakout box (BNC2090) that handles the
upper 16 chanstels, but that also allows us access 1o these signals, as well as providing the DIO
outputs. With the upgmdm EMG gysteny, we can acquire inputs from eight bilsteral muscle
groups on the body, Changes will be ablz 1o be monitored not only in the muscle groups about
tie ankle a8 done now, but also the thigh, trunk, and neck muscles,

Our acceleremeters {3 on the bead and Lonthe platform) now have o p@a£~te»p¢ak output of #20
w5, “The signal conditioning provides a %am toaliow for TmV per mmds” ovtput. We maintain
the fmﬁmal four load cells of the originl force plate. We glso siill collect the position sid mwotor
cuyrent {ghf;ar foreey from the Dover controlier, Ancther change that we have implemented is the
using the DIO for our subject acknowledgment signal, ‘The DIO provides much better meathod of
recognizing a subject’s response thananalog fnputwith peak detectors. More offline processing
is alleviated with the advent of global virtnal channels in the LabVIEW software.

Discussion

Why did we choose a server overa desktop PC or workstation? First, what actually defines a
server? Is it the operating systens that it vuns, that has “server™ in the fitle? Is it the number of
processors? Instead, i it simply any thing that is overly largﬁ and bulky or sleck and stylish that
eannot bie referred 1o a5 a deskiop or laptop? Even people who are experience computers cringé
at the word server due 1o the lack of sopport in that environment. From our standpoint, a serveriy
a compuler that maximizes the processing power per eubic inch of space it occupies, while not
being singled for solitary use, and Yserving” several people and purposes at once fo offioad the
burden from desktop machines,

The server’s vompact size and rack-mountable design make it convenient to house and organize
cablesout-of-sight, Therelore, thereis less vlulter in the lab workspace and Jess conflsion of
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eguipment and function. The low profile PCIstandard and PCI bus expansions also allow forthe
server fomaximize the space it occupies without creating airflow problem that could lead w
systers fathue.

W needed 4 computerthat wiould g0t be outdated be new software in the near future. The
extendable memory md hard drive systony will provide increased eapacity Tor years o come,

The EMG4T allows us to adapt 1o the new trend toward 64-Bit computing. The EMG4T permits
us o perform tasks that would normally require time on supercomputers, and provides the
capseity 1o upgrade RAM memory to 16 GB from the-current 3 G i needed for intensive
analysis and simulations. The hol-swappable hard drive ensures low down tinwe, but gliows for
slmost plug and play expansion for up fo six hard drives. This will ensure that we have plenity of
capacity for subject data from future fests,

However,; thie main issue we had with the server wag itg eost. The price is reagonable given that it
replaces two workstation PCs, Therack-motmtable setup has allowed us to streamline our-efec-
tronics in the fab and oul down on the chutter and confusion eaused by the use of several PCe for
testing. In addition, the new experiinent protocol could not run without significant delays when
snplemented on a 2.4 OHz desktop PC. Therefore, even though our server cost around 3 tinzes
the price of a high-end PC, e benelits out weighed cost due to higher productivity of the lah.

Conclusion

The technologies exist 1o croate a shngle systom, whivh is capable of réplacing multiple conven-
tional PUs i current Tab setups. The server platform provides the means necessary to cormbine
ihese technologies into a single unit. - By incorporating a server system into our exparimental
setup, our laby s able to spend more time analyzing usable dats, writing, and developing new
ideas for research, which allows for a more productive research environment.
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Problem

Diabetic adults are known te develop large fiber
peripheral neuropathy, but few stndies have losked
at central impairmentin diabetic adults. Do mamre
adults with well-confroiled Type:2 diabetes have a
cranial nerve (CN) VIII pathotogy?

EResults - Hearing

. Results — Balance and Neuropathy

§Conclusion

Hearing Loss
b B

Introduction

1. Peripheral Weuropathy of the lower limbs-is well docurnented
through the literature in mabire ‘achalts with type-II disbetes, but
fewr studies have looked.at the central nerv.ous-effects. CN VI
carries bothy vestibular and auditory information

. Balanee studies have shown the effects of diabetic peripheral
neuropathy ss.a source for impaired balance. When all diabetics
(wih mild pdipheral neuropathy of the Iower limbs. (PN and
rieurally intack NI v our study are considered; higher significarit
differences are geen between diabetie raature adults (DMA,
24, H, = [6¥6-9%]) and healthy mature adults FIMA; n=27)
Air-conduction test provide a Sitnp le non-mwasive test that allows
for the study of & part of the entral neryous systam.

N

v

dBs of Hearing Loss

DMA HH A
Bulife st

ﬁerlpheral Neuropathy
versus
Neurally Intact Individuals

2.

Log:Acceleration (fog(mm/s?

]

*DMA showed significantly more hearing loss than HMA, at4 and -3
¥Hzbilaterally (¢ < 0:027 andp <0.007 respectivély)

Mo signitficant differerice:at 1-and 2k Hz

DIV, weith BN did ok differ thed thase who were N in #cceleration
thresholds
Dgs, digplayed a significantly decresed ability to detect forwand

Methods

« Al subjects (ages, S0-75) ware-screenad against past piedical
histerigs of cardiovascular disease, neurclegical disease, drug and
aleohol abuse, And falls. Allsibjects could finction independeritly
Hased on the BERG hialancesscale (nw significant difference
between groups). all HIA were nenrally, intack

» Alr conduction audiology test were performed by certified
audiologistat 1, 2, 4, and S LIz

+ Sriuffra-low-vibration Sliding Linear Investigative Platform:for
Assessing Lower Limb Stability (SLIP-FALLS) was used for
threshold detection of perturbations during quiét Standing

« Datgwas analyzed in SPSS® 14 'using Kruskal-Wallis nof)-

paramelric test, and ANOV A with Tukey post hoc.

Sex-Related Hearing Loss

T lél

UBs of Heatling Loss

peﬂurbahom a1 mdl-lnmdqan}ﬂvm (p< 0.003 mdp 0002

dBs of Hearing Loss

HMA

DN

1.. DM A have some significant ceniral nervous
system imp aitment as indicated by the air
conduction test.

The sex-related hearing loss in DMA: cannot he
conclusively confirimed due to the low sample
size of female DMA, (i=6).

3. Thehigher significance achieved with hearing
and acceleration thresholds when all DMA (PN
and NI) not just DMA with PIN providey
evidence for a peripheral nenropathy of CN
VIII or amore.central mechanism.

The lackof differ ence in acceleration of profiles
of both PN and NI, and the lack of significant
difference in hearing loss in PN and NI:support
a vestibular mechanism for pathology and
detection of movement.

]

115, .Additional audiological studies of DMA might

he able to character size signs of undiagriosed
diabetes; therefore providing preventative care
to patients.

Future studies should undertake this in
combination with other cognitive and evoked
potentials ta look diabetes effect on other
aspects of the central nervous systern.

Ryl

B and § kHz except on the left ear at 4 kHZz versusmale HNIA,

hale DMA: have significantly more hearing loss than othérgroups at 4
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b
Problem

Diabetic mature adults show an increased
sway length, which:may lead te an increased:
likelihood of falls. How well does a diabetic:
individual with ‘mild peripheral neuropathy
detect motion?

Results

Interval 1

Time- Ensemble-Averaged Tibialis Anterior EMG Acti vation Resulting from ‘16mm Perturbations
Interval 2
El

Introduction

1. Ankle strategies for balanse cortrol shoov activation of
Tibiglis Antarior and Gastrocnemius Soleus (GS) ruscles

2. WWe bélisve thar Lndersianding tie'baiance sontrol systar
requires the use of perturbation prabes that ars close to
the rangs of sway seen during quigt standing. These
rricves ars artund. 3 threshald detéetion fer el

2. WWe hare developed special platfomn for srmall movas
(rr) thatrermcy &5 foise and the need for harmess.

Non-diabetic. subjects Have a lawer ion threshold
for datentinn 5f roov ermant tan do digbetic subject:

Methods

« AR uitra-igusvibration Sliditig Unear |Imvestigaties Platforn
for Assessing Liwar Linb Stabilty (SLP-F ALLS) uas'
used for 1reshold detestion of perturbations during quiet

[ —

Par—
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ERRP I S s R N S

——

[O—

SR —

Je—

P
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Sendinssin

Conclusions

1. The presence of TAEWMGs comslate withrdetect-

Mechanisims other than simple presentce of TA

o

1. For datects, both non-diabetic and dizbatic. subjects exhibit:a similsr EM G
resporise.

2. Diabeticsrequire alarger stinlus (acceleratior) 16 slit a rasponss imdataots.
| 2 Noabsen pbisfésponse s ssen in disbetic- subjects for nom detectad tiials.

dlsmay Fresponse but it is smalles than on dets
A B A o S R0

on-dimbatic sibje

1. The second interval givesa sitnitar EMG respanse asisseen in first intanval.

2. Imerval z detected irials dispisyed.3 higher physical response of AFCaP pasition
and velaeity changss i disbetis subjects.

2 A Actiation of T4 isargar in ndo-disbetic than didbetic Subjects. awdn topgh the
aedalerdiion mag nitude at thrashold i3 greater in diabétics.

%

5

. For diabetic'suijacts; their increased sway

=

—

s
m

“TA and 55 EMGS recorded
- Deisys Bagnoii EM G Amp Used “with Dual
Differertial Electrodes applisd biiaterally o the
Tibialis Amarior (TAYyAnd Gastrociemius Silels
(G3) muscles
- Sampled =1 00 Hz, RMS \3lUe fitered at 50 Hz.

- Twvo Alternative Foread Choics Protacel was used for
sequetial test défection of parurkations. A Madfied
Parameter Esfimation for Sequertial Testing g was
uzdiploner the nunber o izl necde

] Ri’»‘%?}i’%ﬂ

e

Raster Plots of One Diabetic Subject

53

: The TAcactivation s hot accampanied by amy

[ ———y

)

w1

-

sk ok iiberobotes

e f\u\w’\w o RN

. Less activation in 1 andd mm tials coud pointto

higherfrsauencx Hhan the 1omm pertubation
Acknowledgements

1. Resultsfor cne diabiatic subject for detedted trials in imerval ona.

A. Little to no’ sctieation for trials below subjécts 2pproximated threshold

2. Mo observable activation of &S muscie for detected triats
3, Most Trigis have high TA activation for deractions.

4. Resuls are crdered by inefeasing ascaleration, whish dispiaysthe inéreased
OKIVEIIVJH of TA with increased iny he 3 ECCE‘ 1o at 10
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Results for one diabitic subjact for nof-déteste d 1riaiz in imerval ons,

" e
above and belo thnesheld
2 o cbservabls GS-actiation formondetected trlals:

2 Few non-detested triais above threshold,

of TA forr

triafs for both perilitbations.

S o

Definie (@ 4 A7 and passible (@, ram)-aotheatian in
detectedials for nan-disbetic st sots. Recall again that
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. Ko ebsanvable sutivation in disbetic subjects at4 o 1 pm
for detactad trials (Braph not show)

iorfor moves at 16:m#iin diaketic sukjects.

EMG szeim to be usedfor detection Ky Mon-
dizketic sublects since EMG activation seen in
hor-detecttrials.

Thos, riorsdiabetic sUbjects may require & cerain
leve] Df TA activation before detectionoccurs,

creates a low signal-to-noise ratio which may
decreass the chance of TA achivetion.

I disbetic subjects, the (0ss of g more precise
detgction system mjght suggest TA activation is
Used 85 a possibie: detestion .

antagonistic BS.activation; therefore 55 EMG
does ot seem to:be a repositioning. reaction to
the movenient.

1 and 4 mim moves produce propartionally iess
TA activation evsn with higher freguired aoceler
atfar], soihe (estof TA involverent cahnot be a
detector.
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HUMAN USE.COMMITTEE REVIEW

APPROVAL FORM
TO: Dr. Mary Livingston and Dr. Les Guice
FROM: Barbara Taibot, University Research

SUBJECT: . HUMAN USE COMMITTEE REVIEW
DATE: 11714/05

Human Use Research proposal has been submitted for an

Number: HUC-473
PL: Dr. Charles Robinson
Title: “Psychophysics of Postural Perturbations in Young and Old”

Pleage initial this transmittal letter and return it to me when you approve as is, or
recommend changes to this proposal.

Initial Date
Changes Recommended by Dr. Mary Livingston 11/ 14/05f
pproved by Dr. Mary M. Livingston WM | et
pproved by Dr. Les Guice 7 {&4 - it L/, ¢ﬂl§
1791y 1

Cormments:
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Mail :: Tnbox: Re: Fw: HUC-073 - Charles J. Robinson bttps:iwebmail Jatéch.edu/horde/imp/message php?index-9727

Guota status: 602.48MB 7 2048,00ME {20.42%)
Inbox- Re' Fw: HUC-073 - Charles J, Robinson (4 of 7945) £

i ‘Mark as: Move | Copyi This message to @] Back to Inbox & &

Delete | Reply | Reply to All | Forward | Redirect | View Thread | Blackiist | Whitelist | Message Source | Save as | Print |
Report as Spam

Diate: Sat, 12 Nov 2005 08:45:42 -0500 [1912005 074542 £8T)
From: Charnlie Robinson <robinson@ciarkson.edu> §
Ta: Terry MoConathy <tmm@latech.edu>, Charlie Robinson <robinson@clarkson.ede>

Ceo: "Mary M. Livingston® <marymi@latech.edu>, Beth Free <birea@iatech.edu>, Les Guice <guice@latoch edu>
Subject: Re: Fw: HUC-073 - Charles J. Rabingon
Headers: Show All Headers

Pear Dr. Terry and Dr. Livingston,

Thank you for your guidance in this manner.

I hereby reogquest an extension of protocol HUC-073 through March 31, 2006.
Accrnal on this protocol has stopped, and no more subjects will be entered into it.

211 of the basic protovol remaing the nearly the same, except that the subject

populacion

should be increased bo reflect the number studied. Thus a reguest is made to change
the

proposed accrual number to 40 healthy young adults, 60 healthy mature adults 50 yra
or

older, and 50 diabetic adults over 50. Note that their is a corregponding 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 & TekMat foot pressure
sensor

and a Vieon motion capture system to our data collection routine, These were done
with no

additional rigk to the subject, ag the basic perturbation sequence remained exactly :
the

same . throughout our entire study. Mo adverse effects to cur protogol were ssen in
any of
the 150 individuals tested.

For & progress report, this project has bsen very successful: Four peer-reviewed

papers,

16 or more conf. abstracts, 1 PhD dissertation, 2 M8 thesis and 1 project vompleted,
with

another 1 Phl, and 4 thesis that will be fortheoming from Tech students. One of the

eonf .

papers wort a student prize.

-Charlie R, Q j

At 11:03 BM -UBDO 11/11/05, Terry McConathy wrote:

[Hide Quoted Text] \)’}.

Charlie: \)5 «
vl

W S

iofd \}}. 1171472005 9:45 AM

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


https://webnuiiUatech.edu/horde/imp/message.php?mdex%e2%80%9c9727
mailto:rob1nson@cldfkscHi.edu
mailto:tmm@iatech.edu
mailto:fobinson@ciarkson.edu
mailto:bfree@tatech.edu

377

Mail :: Inbox: Re: Fw: HUC-073 - Charles J. Robinson hitps:/fwebmail latech edwhorde/imp/message phptindex=9727

'

Below is Dr. Livingston's assessment.

Please procveed with a request for extension. &Also, if you are, as you state,
using the

data in blinded studies, you will nsed to have an extension Lo cover those studies
as

well. We need to keep our dormmentation meoeurate and current.

Dr. Livingston is always able to sexpedite these reguests, so I foresee no delay in
procesging this thesis while the approval is obtainad, Dr. Livingston indicates
that

this can be accomplished by email.

Thank you.

Terry M. McConathy
Executive Vice Pregident
Dezsn of the Graduate School
Louisiana Tech University
Box 7923

Kuston, DA 71272

Tel 318-257-2524

Pax 318-~257-4487

~~~~~ Original Megsage ----- Prom: "Mary Margaret Liviagston’ <maryml@LaTech.edus
Po: "Tarry MeConathy" <tum@litech.edus

Co: <guicelatech. sdus

Sent: Friday, Novenmber 11, 2005 10:51 AM

Subkject: Re: HUC-973 - Charles J. Robinson

Terry,

I concur with all you have said.

1} Off site work does nesed approval. 2} Given the variability in IRBe, Tech has
a8 you

know adopted the general policy of independent approval.

3} The researcher does need to get an extension after a vear. It can be done by
MO

or emaill since there has been no change in the study. We have performed expedited
approvals o such extensions that involve no changes in the protocol and no
unanticipated problems. This could be performed by me, D Guice or vyou as you do
when

he is gone, ©ixr Dy Guicve's delegate. I, like Charlis Robinscon, had mistakenly
shought

ncs heldd st Tech last Bpring 1 owas informed ctherwise by

¥s. The folks from OHEP said that the studies have to be
a is just being analyesd. There is usually no problem with

iewed gven if

¢ oextending beyond a year 1if things have not changed and are going well. I really
. appreciare Tharlisz Robingon™s consoientiousness and hope thab obher researchers
will
okaerve the sxpiration dates. Thanks for your help, and for keeping we informed.
Mary

Pduoting Terry MoConathy <tmm@latech.edus:

Charlie:

It has been our practice that 1f a Tech student is doing regearch that reguires
IRB

approval, even if 1t is conducted off-pite, Tech IRB approval muet be obtained.

TErYY ﬁ‘koConathy

2of4 11/14/2005 9:.45 AM
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" Mail :: Inbox: Re: Fw: HUC-073 - Charles 1. Robinson Tnttps://svebrruil lateoh eduhorde/imp/message. phpTindex=9727

Executive Vice President
Dean of the Graduate School
Lonisiana Tech University
Box 7923 .

Ruston, LA 71272

Tel 318-257-2922

Fax 31B~287-4487

~~~~~ Original Message ----- From: "Charlie Robinson" <robinson@clarkson.edus
To: *Terry McConathy® <tmm@latsch.edus; "Mary M. Livingstou®
<marymi@latech.edus;

“Beth Free* <birse@latech.edur; “"Les Guice® <sgulce@latech.edus; *Vikram Arun
Darbhe’

<vadois@laTech. edus>

Cer "Charlie Rebingon® «<roblnson@ciarkson.edus

Sent: Fridey, November 11, 2005 10:20 AM

Subject: Re: HUC-073 - Charles J. Robinson

At 8:31 AM -06800 11/11/0%, Terry McConathy wrote:

Yo M

is ug the HUO-

i on March 2¢, 2004, The approval stanes clearly that

1w from the date shown above. Projecrs should be renewed
pproval hEe expired.

is ig HUC 073 approval abill valid for this student's thesis? Or do we
need @
wititien extension to cover it?

1 wouid appr

VEL AR 30011 88 pROoss

ble. This student ls trying

R
ory, L
: e 318-357 4
; | Fex 3A18-257-4487

Terry,
Thank you for your efforts with respect to Vikram.

The thesis data collected at Tech was all done within the 1 year time frame
coverad

by the IRE approval frowm Tech. NO DATA WAS COLLECTED AT TECH after that date,
because of some contreller problems. The student is simply analyzing that
data as a

part of hig thesis (which does not require IRB approvall. He DID NOT
participate in

carrying out those experiments.

A1l other data in his thesis wag collscied at the VA under a VA-approved IRB
in my

pogition ag & VA ressarcher. He included that VA consent in hig thesis, and
was tHld
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that this was unaccepbable. That VA IRE has be continually and annually

i raviewed,

§ with required yearly progress reports. 1f you need a copy of that approval

i for the

: time frame in which the student's data was collected (FY05), I oan provide it

H to .

: you. I terminated the VA data eellechion protocsl on Sept. 30, 2005, and made
a
final progress report. The data is still being analyzed in a blinded fashion,
and
will be the subiect of additicnzl students' theses. These later theses should
not be
subjsct te having & current IRB approval from Tech, since the ddta is
blinded.

Tachfs IRB should recognize somiby with the VA IRB.
~Charlie R.
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| Cell Phone 315-244-6241
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Phone: 315-425-vvvv; Fax 315-425-wwww

Uffices hours 7 AM to 12 noon; Mon-Fri
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Phone 315-425-4400 {X53606)

Adjunct Professor, Orthopaedic Surgery Dept, LSU Health Sclence Center,
Shreveport,

LA

Adjunct Professoy, Loulsiana Tech Univergity, Ruston, LA (Phome:
318-287-4562)

Founding, but Past Bditor, IBEE Tramsactions on Rehabilitavion Engineering
FFREERRRRFIF XTI RARAA A AL AR I AR AL TR A bRt b bR dhdk

i
3
}
i

“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 Bdelnan

1 KEERAREKAAAKEEIF ARSI ARARA A IS AR R ARk RA vt kR kk hhoddkthd

i
k=
&
@
@
@

w
&
=
o
o
24
o]
i
)

hott
3

o]
ot
=

3
ot
=

o}

i

nternet Meesaging Program.

Detete | Reply | Reply.to All | Forward | Redirect | View Thread | Blaclkist | Whitelist | Message Source | Save as | Print |
Report a5 Spam

: Mark as: & Move | Copy ~Tl;ist'ns'ss;ageto ) % Back to Inbox a1 &

4of4 1171412003 9:45 AM

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


https://webmaillatech.edn/horde/irap/message.plip7iiidex-9727
mailto:c.rahinson@ieee.org

380

HUMAN USE COMMITTEE REVIEW

APPROVAL FORM
TO: Dr. Mary M. Livingston
FROM: Stephanie Herrmann

SUBJECT: HUMAN USE COMMITTEE REVIEW

DATE: 5/512004

The following Human Use Research proposal has been submitted for an
EXPEDITED REVIEW:

Number: HUCO73

PL: Charles J. Robinson

Title: Psychophysics of Postural Perturbations in Young and Old

Please mnitial this transmittal letter and return it to me wheri you approve as is, or
recommend changes to this proposal.

Initial Date

U Received by University Research 5/5/2004
{J Changes Recommended by Dr. Mary Livingston

Approved by Dr. Mary M. Livingston WA L. | 5 / J/ /Jz/
a Approved by Dr. Les Guice s{/ I%I) 4.

Jg "

Comments:
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L g Copy

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:

“Psychophysies of Postural Perturbations in Young and O1d”
Proposal # HUC-0073

The proposed study procedures were found to provide reasonable and adequate safegnards against
possible risks involving human subjects. The information to be collected may be personal innature
or implication. Therefore; diligent care needs to be taken to protect the privacy of the participanis
and to assure that the data are kept confidential. Further, the subjects must be informed that their
participation is voluntary.

Since your reviewed praject appears to do no damage fo the paersicipants, the Human Use
Committee grants approval of the involvement of 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 procedirres, data collected, and subjects
involved. These records will need to be available upon request during the conduct of the study and
retained by the university for three years after the conclusion of the study.

H you have any questions, please contact Mary Livingston at 257-2292 or Stephanie Herrmann at
257-5075.

Nete te Researcher:

Reviewer recommends providing a list of drugs and medications that would qualify and disqualify
w candidate on the consent form.
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QFFICE OF UNIVERSITY RESEARCH

MEMORANDUM
TO: Dr. James Groen
FROM: Stephanie Hermunn, University Ressarch
SUBJECT: HUMAN USE COMMITTEE REVIEW

DATE: May 12, 2004

The following Human Use Research Proposal has beon submitted for an EXPEDITED REVIEW:

Number: HUCAT3
PL: Charies J Robloson )
Titiet Psychophysics of Postural Pertarbations in Young and Old

Due to the physical nsture of this study, Dr. Livingaton has ssked that you review it. Afber you
review this study, please sign this memo and retumn it to me with either your approval "as is,” or
your recomnendetions for changes.

Wik G balow
APPROVAL: = , DATE: S)islom
o

s7izloy
[, FHANGES RECOMMEND En.ﬂ’*"' DATE:
A D 1
& CA A«.:L.,tg — at \ask gsi‘spmh’:“;’-*:z-;\quf Lovanid e lh o J/;jw(,},

J
The sttached Iuformation Is a copy only. You' msy discard and only return this approval
mummmwu may fax spproval and/er changes to 257-5079 or email them in

A MEMBER OF THE UMIVIREITY OF LOUISIANA SYSTEM

PO, BOX 3002 ¢ RUSTON, LA TIi372 » TELEPHONR (S18) JWLE07E ¢ PAX [316) 18700
AN POUAL SDPRNTUNIY NIVRATITY
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LOUISIANA TECH
UNIVERSITY

A MEMGER OF THE LINVEREITY OF LOWISIANS. SYSTEM

MEMORANDUM

T™o: Institutional Review Board
University Research Office

FROM: Charles 1. Robinson
CyBERS

SUBJECT: Human Use Committee Review (Expedited Review Request)

Date: May 3, 2004

Attached is the Human Subject’s Consent Form submitied under the Study Title: Psychophysics
of Postural Perturbations in Young and Old. It was originally submitted in Pebruary 02003 and
approved; however, the form expired February 2(104. 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 notiffed of the new dates. Thank you for
your assistance.

wxﬁﬁ-ﬂ@v\m 4 / ijf

Charles 1. Robinson, PI ()" K Date

S

S =
Dr. Stan Naﬁpéx‘, Interim Date
College of Engineering & Science

CENTER £OR BIOMEDICAL ENGINEERING AND REHABILITATION ScieNCE {CYBERS) » COLLEGE OF ENGINEERING AND SCIENCE

711 SOUTH VIENNA » RUSTON, LOUISIANA 71270 » TELEPHONE {318)257-4562 « FAX (318)235-4175
EMAIL: CYBERSERCOES.LATECH.EDU = WER; WWW.CYBERS.LATECH.EDU
AN-EQUAL OPBORTUNITY 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 ai 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 not you wish to participate. This
a process is known as “Informed Consent.”

PURPGSE OF STUDY/PROJECT AND SELECTION OF SUBJECTS
Slips and falls, and even fear of 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 halance.

You are invited to participate in a research study related to standing balance and postural control. Researchers at
Louisiana Tech University hope to learn how much the senses of the imbs (touch sense, joint angle sense,
muscle tension sense) contribule Yo the stability of 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 tisk of falling 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, sinee some of
these conditions might confuse our study results, and hence, make you not a candidate for this pﬁrticular
research study Your answers will remain confidential.

May we ask you some guestions about your medical history?

YES or NO: Initials:

‘We must exelude you from this study if you have a current of past history of severe heart, circulation or breath-
ing problems; diabetes, chronic lower back spasins or pairn; deformities of the spine, bones and joints (such as
abnormal spinal snrvature, arfhritic changes or amputation), brain strokes, spinal cord injury or other damage o
the nervous systern; non-healing skin uleers; current drug or aleohol 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 probiems or fears with being blindfolded for 15 to 20 minutes or so at a time?
YES or NO: Initials:

I you answered “Yes™ to sither question, thank you for your time and effort in volunteering to participate, but
we cannot use you in this particular smudy. Please fill out the personal information on the last page before you
go. If you answered “No”, then you are a likely candidate for owr 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 orin our lab to answer a brief medical questionnaire that helps us

Consent Form Page- 1
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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 rernember things and can follow instructions. The questionnaire and test will
require approximately 20 minutes.

When you balance, you might be using your sense of foot pressure and/ or of muscle effort (as signaled by your
leg nerves); your vision; or the balance sense organ (called the vestibular systetn), 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 fo 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 z 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 of 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 vou 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 you. All of
these preliminary tests could take upwards of three or four hours o complete.

Testing vour ability to detect small movements: Al humans sway. It is a natural, every second, occurrence.
What we do is to add 2 small sliding movement (a fraction of an inch) to the plate on which you dtre 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 systern.'For all tests you will be wearing adhesive muscle activity sensors on vour 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 alsocan stop the test at any time that vou wish, without reprisal.

MEASURES TO INSURE PROTECTION OF YOUR CONFIDENTIALITY 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 postire and balance. Therefore the research resuits 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 rermain confidential and cannot be disclosed without vour written
permdssion. 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 siguing this form you are giving permission for us
to make records available to the Louisiana Tech University Institutional Board for Burman Research to which
information will be released, all of whom must maintain confidentiality.

RISKS
All motions of the platform will be near your natural sway change of position. Because of this, you may not
always WWWMWMWWth 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 vou al all times when you are
blindfolded. He or she is located thers to correct your position before a potential fall event can occur. Since we

Consent Form Page- 2
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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 shoul
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 {o 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 decids to participate, you are free to
diseontinue participation at any time without penalty or loss of benefits to-which you are entitled.

BENEFITS/COMPENSATION:
Taking part in this study may not personally help you, but your participation may lead o 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 wiil be provided to you at the conclusion of the study. There
wili be no cost to you for any of the testing done as part of this research study.
CONTACT INFORMATION:

1. ¥f you have questions about your rights as a research participant, you may contact the Chatrman
of the Institutional Review Board, Dr. Les Guice, at (318) 259-29-26 or Dr. Mary Livingston at
2574315,

2. I you have questions about this study or problems arising from this study, you should eall 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 iy signature that I have read the preceding description of
the study, “Postural Control Response to Small Accelerations”, and understand its purposes and methods,

1 understand that my participation in thig 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, [ 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.

T understand that the results of my swvey will be anonymous and confidential, accessible only to the
principal investigators, myself, or a legally appointed representative,

1 have not been requested to waive nor do I waive any of my rights related fo participating in this study.

Signature of Participant or Guardian Date
Signature of Person Administering the Informed Consent Date
SBiguature of Witness Date
Signature of 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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