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SECTION I: OVERVIEW OF PROJECT GOALS

This project was designed to investigate the usefulness
of the myoelectric signal as a control signal in robotics
applications., More specifically, the neural patterns
associated with human arm and hand actions were studied in
an attempt to determine the efficacy of using these myoelec-
tric signals to control the manipulator arm of a robot. The
advantage of this approach to robotic control was the use of

7 well-defined and wéll-practiced neural patterns already
available to the systém, as opposed to requiring the human
operator to learn new tasks and establish new neural
Patterns in learning to control a joystick or mechanical
coupling device.

Examples are readily available of the high-level skill
possessed by humans in controlling their own limbs, despite
the fact that this control requires mastering a neuromus-
cular-skeletal complex with a myriad of degrees of freedom.
The virtuosity of the concert pianist or the dexterity of
the neurosurgeon, are but two examples from a world of
possibilities. Mechanically recreating the kind of dex-
terity exhibited in the above-mentioned examples was élearly
beyond the scope of the proposed research. However,
evidence of electromyographically (EMG) controlled 1limb
behavior with a minimal, but sufficient, level of dexterity

was available - in the area of prosthetics design and appli-
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cation (Childress, 1973; 1982; Rubenstein, 1984), Thus, not
only was there an intuitively logical basis for the proposed
research, but part of the answer was already known. That
is, under the right circumstances, neural signals can be
utilized in the control of artificial, and perhaps, external
limbs,

A basic premise of prosthetics reséarch, and the
research presented here, was that the patient/subject
Autil%ggd an‘endjgenpgglngrgl pgt;grn“ipﬂggpcert y};h.the
mﬁsculoskeletal complex to control the artificial limb
(Childress, Holmes, & Billock, 1974). The myolectric
signals could be tapped from related muscles, or those
muscles generally considered to be the "prime movers" or
agonists of a particular limb action. It was hoped that a
steep learning curve in control could, be avoided by tapping
into the neural circuits of the non-pathological nervous
system, and using the same agonist/antagonist muscle
relationships (as knowﬁ by their myoelectric signals)
practiced and mastered over the years.

Thus, it was an accomplished fact that the neural
signal could be used to control an artificial limb. What
was critical iﬁ the current investigation was determination
of the usefulness of established neural patterns for con-
trolling an external device with multiple degrees of free-

dom. Such a determination required answering the following
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questions. Could the myoelectric signals used for limb.
control be consistently reproduced? How susceptible was the
" recorded electromyographic pattern to changes in remote
degrees of freedom?
SECTION II:
LESSONS OF PROSTHETICS AND ELECTROMYOGRAPHIC RESEARCH
It has long been recognized that an internal process,
such as muscle contraction, could be monitored through an
. @ssociated external measure - recording of an electrical
signal which accompanies the contraction process. The
functionality of such a measure carries with it some limits
and cautions., A brief discussion of the human neuromuscular
system and some limitations to our interpretation of system
function is useful in understanding the approach taken in
this investigation.

The functional unit of the muscular system, the motor
unit (MU), is composed of a neuron and the muscle fibers
(celis) that it innervates (Figure 1). Muscle contraction
is ultimately the result of an electrical signal transmitted
from nerve to MU. During gross motor task voluntary mus-
cular action any number of MUs may be recruited. The number
of MUs involved relates to the force requirements of the
task. The greater the force, the larger the number of MUs
involved (Burke, 1981). It is possible to monitor muscular

activity by measuring the electrical signal which is a
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Spinal cord Y
i
:

Spinal
nerve
‘‘‘‘‘‘ x5
Cell body
Nerve fibre of neurone
{axone)

Figure 1. A motor unit, (Adapted from Muscles Alive (p. 7)
by J. V. Basmajian, 1979, Baltimore: The Williams and
Wilkins Company.)
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byproduct of contraction; for like force output, the greater
the number of active MUs, the greater the magnitude of the
electrical signal recorded. Thus we derive a relationship
between the magnitude of force, and the magnitude of
electrical signal. This relationship is not linear under
all circumstances, but under the controlled conditions of
constant velocity muscle contraction it is interpretable
(Bigland & Lippold, 1954; Stevens & Taylor, 1972).

The organization of the human musculoskeletal systgguéf
such that limb behavior is controlled by agonist and an-
tagonist muscular pairs. In a one-degree-of-freedom task
such as elbow flexion in the transverse (i.e. horizontal)
plane, flexion of the forearm about the elbow is controlled
by those muscles crossing anterior to the joint. Extension
is controlled by muscles crossing posterior to the joint.
Lack of motion is the result of either no active muscular
force, or the cocontraction of agonist and antagonist muscle
pairs such that the net torque created by their contraction
is zero. Under constant velocity conditions the electrical
activity emanating from either muscle group may be inter-
preted as a reasonably direct indication of active flexion
or extension (depending on the activated muscle group)

(Bigland & Lippold, 1954). So far the story is reasonably

straightforward. However, numerous factors interact to
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confound the interpretation of the myoelectric signal as an
indicator of muscle force or position.

Muscle force is modulated through MU recruitment and
activation frequency (i.e. rate coding) (Bigland-Ritchie,
1981). Since these two factors also determine myoelectric
activity it is logical to expect a relationship between
muscle force and myoelectric activity. However, the nature
of this relationship cannot be explicitly described for all
circumstances.

Difficulties arise in relating muscle force and
myoelectric activity because they ére derived through
different means. Mechanical calculations of muscle moments
(Muscle moment = muscle force times perpendicular distance
to the point of force application from the point of
rotation) obtained with an inverse dynamics approach assume
that the sum of agonist and antagonist muscle activity for
all muscles crossing the joint of interest has been included
(e.g. Dul, Townsend, Shiavi, & Johnson, 1984)., (Note: The
validity of this assumption has been questioned but it is
commonly used.) These calculations also presumably account
for the potential force production of the series elastic
cémponent of the muscle. EMG data reflects only myo-
electric activity from the contractile element of the muscle
of interest (Winter, 1979) and usually only the agonist

muscle(s) versus an agonist/antagonist pair. Thus
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EMG/force relationships may vary because the internal esti-
mate of muscle force (i.e. myoelectric activity) and the
external estimate of muscle force (i.e. mechanical calcu-
lations) are obtained in different ways.

In addition, muscle force production depends upon
factors independent of myoelectric activity such as movement
velocity and muscle length (Bigland-Ritchie, 1981). As
movement velocity increases pdtential force production de-
creases (Hill, 1938). As muscle length decreases, potential
force production dec?eases (Gordﬁn, Huxley, & Julian, 1966).
EMG records reflect these factors but not in direct propor-
tion to muscle force changes (Bigland & Lippold, 1954).
Faster movements create greater integrated EMG records, but
less force. Concentric muscle cpntractions (i.e. decreasing
muscle length) which have less potential force production
(Winter, 1979), produce greater integrated EMG records than
eccentric contractions (i.e. increasing muscle length).

So the demands of the task may influence the EMG/force
relationship,

Physiological differences also hamper the interpre-
éation of EMG as muscle force. Under fatiguing conditions
accompanied by decreased force generation (this was not a
factor in collection of these data but may be a factor in
the application of these data) the EMG record will increase

(Asmussen, 1979; Edwards, 1981). This increase, normally
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attributed to increased MU recruitment thus increased force
production, may be caused by synchronization of MU firing or
changes in action potential size associated with fatigue
(Bigland—Ritchie, 1981). Temperature changes also alter the
action potential size and influence the EMG record (Bigland-
Ritchie, 1981); Thus increased EMG activity may not indi-
cate increased force production.

The size of the myoelectric signal varies with the size
of the MU potential which may be influenced by fiber type
(Bigland-Ritchie, 1981). MUs composed of mostly fast twitch
muscle fibers produce larger electrical responses than MUs
composed of mostly slow twitch muscle fibers. This may not
seem important to EMG/force relationships since faster MUs
are usually recruited for high force short duration tasks
and slower MUs are recruited for lower force longer duration
tasks (Henneman, 1974). However, muscles differ in their
dependence upon rate coding and recruitment for force gener-
ation. For example, in the adductor pollicus and first
dorsal interosseous muscles of the hand all MUs are re-
cruited at 30-507 of the maxium voluntary contraction (MVC),
but in the biceps brachii new MUs are recruited at forces
greater than 85% of the MVC (Bigland-Ritchie, Kukulka &
Woods, 1980). In addition, under conditions of high force
generation increases in activation may exceed the tetanic

fusion frequency of the muscle. As a consequence the EMG
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record increases disproportionately to the force produced
(Bigland-Ritchie, 1981). Thus the use of different .
strategies for force production may create different
EMG/force relationships.

Morphological differences such as distribution of MU
types throughout a muscle create additional problems
(Bigland-Ritchie, 1981). Slower MUs tena to be less
superficial than faster MUs (Burke, 1981). Surface elec-

trodes (invasive electrodes were unrealistic in our current
igveégiéétion a;a”inpr;sgﬁeti§~6ésién)m;ﬁéﬁ-probé}iy -
secured directly over the muscle belly pick up EMG activity
at the surface from a small part of the muscle. Thus
signals removed from the recording site may not be fully
detected. If slower MUs have been selectively recruited,
the EMG record and the actual force generated would be dis-
proportional. 1In addition, since surface electrodes are
sensitive to all electrical signals within a given range
signals from active muscles removed from the primary site
may interfere with a clean recording from the muscle of
interest.

In addition to the aforementioned factors which make
the interpretation of EMG activity as muscle force or
position difficult, there are methodological considerations.
Selection of surface electrodes may influence the EMG/force

relationship; monopolar electrodes tend to show linear
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relationships, bipolar tend to show nonlinear relationships
(Moritani & deVries, 1978). Since surface electrodes are
sensitive to a variety of signal sources and pick up a
global signal, proper positioning of the electrode relative
to the active muscle is imperative. This becomes a sub-
stantive issue when the electrical activity of deep versus
superficial muscles is of prime concern. As will be pointed
out in discussion of the data, the inability to accurately
_mqqitqr deep mqscles_h%yﬁe;ed the recording of activity
related to certain gross motor movements (e.g. differ-
entiation of forearm pronation/supination from wrist
flexion/extension; and internal rotation of the humerus at
the shoulder from external rotation). Movement artifact
also is of concern. Electrodes must be sufficiently secured
so that external surface shape changes, due to underlying
muscle movement, do not disrupt the integrity of the
electrode contact.

So to name EMG activity as muscle force and thus an
indicator of position would be a misnomer. In fact the
reported relationships between EMG and muscle force vary
from linear (Bigland &‘Lippold. 1954; Stevens & Taylor,
1972), to quasilinear (Lawrence & DeLuca, 1983), to non-
linear (Bigland-Ritchie, Kukulka & Woods, 1980), to log-
arithmic (Perry & Bekey, 1981). Given the influences of

task conditions and methodology perhaps Lawrence and Deluca
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(1983) summed it up best: the EMG/force relationship is
determined by the muscle under investigation. For this
study this means that comparison of the EMG data as a repre-
sentation of force or position is confined: myoelectric
activity from two muscles of the same subject, from the same
muscle of two different subjects, and from two different
muscles of two different subjects can not be compared in
terms of force or position.
SECTION TII: METHODS_AND INSTRUMENTATION o
The project, conducted in two phases, involved simul-
taneous collection of EMG signals and the correéponding limd
displacement data. These data were collected by an opto-
electronic imaging system with synchronized analog signal
recording capabilities, in Phase I, and by a Sperry IT
microcomputer equipped with digital oscilloscope software
(CODAS), in Phase II. Investigations were limited to one
and two-degree-of-freedom movements of the upper extremity.
Table 1 contains a listing of the movement conditions

studied.



NAG 5-895 EMG Signals
12
Table 1: Movement Tasks and Conditions
Task Musculature Special
Conditions

Elbow flexion/
extension

Elbow flexion/
extension

Shoulder flexion/
extension

Shoulder abduction/
adduction

Shoulder internal/
external rotation

Grasping

Wrist flexion/
extension

Forearm proﬂation/
supination

Thumb abduction/
adduction

biceps brachii
triceps brachii
anterior deltoid

biceps brachii
triceps brachii

biceps brachii
anterior deltoid

middle deltoid

posterior deltoid

pectoralis major
trapezius

infraspinatus
teres major
anterior deltoid
pectoralis major

forearm flexors
forearm extensors

forearm flexors
forearm extensors

supinator
pronator teres
biceps brachii

adductor pollicus

sagittal plane
gacross speeds;
accelerated
movement w/
isometric)

transverse
plane (w/ and
w/out cocon-
traction;
8:cross speeds)

sagittal plane

frontal plane
cross speeds;
w/ and w/o
cocontraction)

transverse
plane (w/ and
w/out cocon-
traction)

¥,/ & w/out

cocontraction

bsagittal plane

(accelerated
movement w/
isometric)

biransverse
plane

&,/ & w/out

-cocontraction

bw/ & w/out
cocontraction
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Table 1: Movement Tasks and Conditions (cont'd)
Task . Musculature Special
Conditions
Fifth digit (pinky) abductor digiti htransverse
abduction/adduction minimi plane
Reaching "~ biceps brachii sagittal plane
: triceps brachii (w/ & w/out
anterior deltoid cocontraction;
R 7 Tatissimus-dorsi - -~ - across speedss~‘~

posterior deltoid

Note. All tasks were conducted in both phases unléss

gtherwise noted.

bConducted only in Phase I.

Conducted only in Phase II.
Phase I Position-time Data

A SELPOT II opto-electronic imaging system was used to
collect position-time data for limb displacements. The
SELSPOT system is a video camera system sensitive to infra-
red light. Small infra-red (950 nm) light emitting diodes
(LED) are used to mark joint centers so that rigid body
motion may be recorded. A dedicated PDP 11/23 LSI computer
coordinated the data collection tasks and synchronized the
simultaneous acquisition of displacement data with ana1og
inputs. Using a two-camera system, the 3-dimensional
coordinates for any LED marked point in space could be

determined.
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Phase II Position-time Data

Position-time data were collected using a goniometer
(i.e. two dowel rods attached to a potentiometer) interfaced
with a Sperry IT microcomputer equipped with analog to
digital conversion capabilities and CODAS, digital oscillo-
scope software. The goniometer detected changes in joint
angle as changes in voltage. This signal was stored on disc
and displayed in real-time. Position-time data were avail-
able for only one joint during each task and due to”the ﬁizg_
of the potentiometer, unavailable for smaller joints (i.e.
first carpometacarpal and fifth metacarpophalangeal joints).

Electromyographic Data (Phases I and II)

The Motion Control Myolab II (Model ML-200) equipped
with a preamplifier (Model ML-220) was used to moniter-the
EMG signal. Surface electrodes were attached to the skin
directly over the motor point(s) of the muscle(s) under
investigation. The detected EMG signals were amplified and
filtered (Preamplifier filter bandwidth = 9 Hz - 27 kHz;
Myolab filters = second order high frequency filter (roll-
off = 1000 Hz) and third order low frequency filter (roll-
off = 50 Hz)). The conditioned analog (i.e. EMG) signals
were converted to digital signals and stored on disc. An
analog representation of the signal, either the integrated
EMG or the raw EMG, was viewed during the task in Phase II

but unavailable until after the task in Phase I. The simul-
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taneous collection of EMG and limb displacement data vere
synchronized through the use of a PDP 11/23 LSI computer in
Phase I, and a Sperry IT microcomputer system in Phase II.
SECTION IV: ANATOMICAL AND MOVEMENT REFERENCES
All anatomical references are given with respect to the
three cardinal planes of motion and three orthogonal axes
about which segmental rotations occur. Figure 2 shows the
sagittal, frontal, and transverse planes with the cor-
respopding axes. The reference positions for all movements
are depicted in Figure 3.
SECTION V: TASK DEFINITIONS AND DATA
Elbow Flexion/Extension

1.0 Anatomical Considerations

Multiple muscles cross the elbow joint, the moment arms
of which create varying influences on the flexor and exten-
sor torques at the elbow. Three of these muscles act as
primary elbow flexors during concentric contraction;
brachialis, the brachioradialis and the biceps brachii,
(Figure 4a,b,c). The biceps brachii, a two-joint muscle
which crosses the elbow and’shoulder, is the most super-
ficial muscle of the upper arm. Except under circumstances
of high load, the role of the biceps at the shoulder is
generally small. However, since the biceps attaches to the
radius its role at the elbow is directly influenced by

forearm position., Thus the biceps brachii is defined as an
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Sagittal (S) piane . rontal (F)plane

Transverse (7) plane

c

Figure 2. Cardinal planes of motion and orthogonal axes.
ZAdapted from Kinesiolopy Fundamentals of Motion Description
(p. 80) by D. L. Kelley, 1971, New Jersey: Prentice-Hall.)
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0 b

Figpure 3. Standing positions: (a) the
anatomical position; (b) the fundamental
position.

(Adapted from Kinesiology Fundamentals of Motion Description

(p. 70) by D. L. Kelley, 1971, New Jersey: Prentice-Hall.)
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Brochioradiolis

Deltoid
Pronator
teres
Brachialis
(a)
(b)
Supinator

Subscapuloris

Coracobrochialis

Biceps
(long heod)

Biceps
(short
head)

>
2
5
%,

(c)

Figure 4. Primary elbow flexors: (a) bracialis, (b)
brachioradialis, (c¢) biceps brachii. (Adapted from
Kinesiolopy : Scientific Basis of Human Motion

(p. 86, 119-120) by K. Luttgens and K. F. Wells, 1982,
Philadelphia: Saunders.)
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elbow flexor and forearm supinator. With the forearm in the
semi-prone (or neutral) position the biceps has it greatest
mechanical advantage.

The brachialis, a single-joint muscle, is considered
the primary elbow flexor. The brachialis is in large part
covered by the biceps brachii and only in the lower third
and medial aspect of the upper arm may the brachialis be
palpated directly., With an insertion on the ulna, the
mechanical advantage of the brachialis is independent of
forearm position (e.g., magnitude of pronation or supin-
ation).

The brachioradialis, a two-joint muscle crossing the
elbow and wrist, origiﬂates just above the humeral epi-
condyles and inserts at the distal end of the radius. The
bulk of the brachioradialis lies along the forearm. Because
of the small moment arm created by the tendon of the
brachioradialis as it crosses the elbow joint, its role is
predominantly one of elbow stabilization.

The triceps brachii, a two-joint muscle (Figure 5)
crossing the shoulder and elbow, acts as the agonist in
forearm extension against resistance. The triceps is not a
prime mover at the shoulder but the influence of shoulder
position on triceps activity must be kept in mind.

Control of limb behavior is the result of interaction

among those muscles crossing the joint; their levels of
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Supraspinatus
Spine of ccapuls
Deltoideus

{nfraspingtus
Teres minor

Teres major

Figure 5. Triceps brachii; lateral and long heads. (Adapted
from Kinesiology: The Science of Movement (p. 75) by J.
Piscopo and J. A. Baley, 1981, New York: Wiley.)
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activation and any mechanical biases operating on the
muscles. Thus, a complete description of elbow joint
control must consider not only activation of the agonist
muscles but also (1) angle at the shoulder, (2) forearm
position, (3) elbow angle, and (4) external force
considerations (e.g., effects of gravity).

1.0.1 Position at the Glenohumeral Joint (Shoulder Angle)

Consideration must be given to the degree of flexion or

~ extension present at the glenohumeral joint (shoulder) due =

to the two-joint involvement of the biceps and triceps
brachii. The nature of a two-joint muscle will influence
the excursion ratio of that muscle during performance of the
task. A full range of motion (ROM) may be impossible to
achieve if simultaneous flexion or extension of mﬁltiple
joints is required. In such a case, it is often helpful to
maintain muscle stretch across one joint while the muscle
affects the action at the next joint.

In the present study, the excursion ratio of the biceps
brachii is more of an academic concern than one of practical
importance. Although a two-joint muscle, examination of the
proximal attachments of the biceps reveals that its function
will be affected in small measure by any change in the
degree of shoulder flexion. The attachments for both the
long and short heads of the biceps are on the lateral and

anterior aspects of the glenchumeral structure. Thus
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shoulder position within the range of FSP to 90° of flexion
would not appear to appreciably change either the amount of
stretch in the biceps or the relationship of the line of
pull to the axis of rotation at the elbow joint. In con-
ditions of light load (e.g., arm supported in a 90° shoulder
flexed position) shoulder angle should not have a signifi-
cant influence on biceps activity. Howéver, under dynamic
conditions, or non-support of an extended arm, the'biceps
may be inyq?yed ip»§tabi1%g§tion pf the shqqlder_joiq;._ -

1.0.2 Degree of Forearm Supination or Pronation

Consider the three primary elbow flexors; biceps
brachii, brachialis, and the brachioradialis. The distal
attachment of the brachialis is on the ulna. Forearm
position will not affect the action of this muscle as
pronation and supination are related to changes in position
of the radius about the ulna. However, both the biceps
brachii and the brachioradialis have attachments on the
radius so that their strength in elbow flexion will be
affected by forearm position.

Numerous studies have used the elbow joint as the
investigative site for studying muscle interactions
(Basmajian & Latif, 1957; Doss & Karpovich, 1965; Hagberg,
1981; Hagberg & Ericson, 1982; Liberson, Dondey & Maxim,
1962; Lloyd, 1971; Rodgers & Berger, 1974; Singh &

Karpovich, 1966; Wakim, Gersten, Elkins, & Martin, 1950).
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The most thorough of these was the investigation of elbow
flexor strength undertaken by Basmajian & Latif (1957). 1In
this study the level of electrical activity of the biceps
brachii (long and short heads), brachialis, and brachio-
radialis was identified under conditions of flexion, exten-
sion, and isometric contraction at angles of 135° and 90°.
During slow flexion of the forearm under load, the short
head of the biceps, the brachialis and the brachioradialis
showed the greatest EMG activity with the forearm in the
semi-prone postioﬁ. During quick flexion under load, the
supinated position displayed the highest level of EMG
activity in all muscles except the brachioradialis. During
poéition maintenance tests at 135° and 90° the supinated
position was preferred for biceps strength, but the semi-
prone or prone position was preferred for brachioradialis
strength., Finally it was observed that during elbow flexion
maximal EMG activity occurred in all three muscles with the
forearm in the semi-prone position.

If biceps activity is of primary concern, then the
prone forearm position is contraindicated. This position
substantially reduces the involvement of the biceps in quick
and slow flexion (Basmajian & Latif, 1957). The semi-prone
postion is best suited to the study of the integrated

activity of the three elbow flexors.
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1.0.3 Angle at the Elbow Joint

Isometric strength at the elbow has been studied
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throughout the range of 60° to 150° ( Lloyd, 1971; Singh &

Karpovich, 1966, 1967; Wakim, et al., 1950). With little
question the greatest strengths are exhibited between 80°*
and 115°(Singh & Karpovich, 1966, 1967).

1.0.4 Effects of External Forces

Textbook definitions of muscle function define the
»pusc}eg c;qggipg qgfg;ior tP_the elbow as forearm flexors,
and those muscles passing posterior to the joint éxis as
forearm extensors. This definition is true only under
conditions of co;centric contraction and a freely moving
distal segment (i.e., the forearm is not fixed). With
free motion in the sagittal plane, e.g., forearm rotation
about the bilateral axis, the anterior muscles (bra-
chialis, biceps brachii, and brachioradialis) are re-
sponsible for forearm flexion. If gravity is the only
resistance offered to the flexion, then forearm ex-
tension is also controlled by the anterior muscles.

The "flexors" control the extension through an eccen-

tric contraction, or a lengthening under tension.

Thus, even though the triceps brachii is the defined fore-
arm extensor, the triceps acts as an extensor only

against resistance. For sagittal plane motion, gravity
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is an external force acting on the limb which is controlled

eccentrically by the forearm flexors.
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1.1 Elbow Flexion Flexion/Extensicn Data

1.1.1 Elbow Flexion/Extension: Sagittal Plane

Special conditions: Slow, moderate and fast speeds

Phase I EMG: biceps brachii, anterior deltoid
Phase II EMG: biceps brachii, triceps brachii

Phase I description: Initial position; arm hanging
relaxed at the side. The movement was forearm flexion and
extension. Thus the forearm was flexed to a 90° angle with
the humerus and returned to the FSP position.

Phase II description: Same as Phase I except forearm
was moved through entire ROM at the elbow (i.e. from FSP to
30° angle with the humerus and back to FSP).

- Phase 1 -figures: D1 a,b,c; slow: D2 a,b,c; moderate. -
Top strip chart (1Y) = displacement representing a change in
elbow angle. Peaks (e.g. 850 mm) indicate maximum flexion;
valleys %e.g. 250 mm) indicate maximum extension. Second
strip chart (l1A) = EMG recording from the biceps. Third
strip chart (2A) = EMG recording from the anterior deltoid.
' Phase II figures: D3 a,b,c,d; moderate: D4 a,b,c,d;
fast. EMG data from the biceps and triceps is displayed in
the top graphs of D3a,c, and D4a,c. Bottom graphs (D3a,c;-
D4a,c) = displacement representing a change in the elbow
angle (peaks indicate maximum flexion; valleys indicate
maximum extension). Top graph = raw EMG data from the
triceps (D3b,d) and biceps (Dé4b,d). Bottom graph = EMG data
from the triceps (D3b,d) and biceps (Dé4b,d).

Observations:

Phase I: The biceps was monitored as prime mover for
forearm flexion. As seen in other sagittal plane movement
trials the biceps pattern correlated well with the position-
time curve for the forearm. In anticipation of performing
multi-segmented tasks, the deltoid was monitored for a
response to forearm action. For example, in a reaching
task, the deltoid might be used as the source for a shoulder

flexion control signal. How contaminated might that signal
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be by distal limb behavior?

Under conditons of slow movement, the deltoid showed
undifferentiated activity (Figures Dla,b,c). This pattern
was interpreted to be little more than noise. Under faster
movement conditions however, a definite deltoid pattern
became evident (Figures D2a,b,c). In this case, the deltoid
peak which occured at the end of forearm extension, may be a
stabilizing activation evoked to control arm swing created
by the momentum of the forearm returning toA?SP.

Phase II: The function of the biceps/triceps pair were
established for elbow flexion/extension to show the lack of
dependence upon the triceps during elbow extension in a
gravitational environment., As in Phase I, the biceps
activity pattern correlated well with elbow flexion and
extension at both movement speeds (Figures D3a,c, Déa,c). A
slight peak in tricep activity just prior to joint reversal
(i.e. from flexion to extension) was probably responsible
for decreasing the speed of flexion in preparation for
extension., At the moderate movement speed (Figure D3a,c)
tricep activity also peaked at maximum extension (i.e. where
the displacement graph flatlines along the baseline). This
activity was probably evoked by hyperextension of the elbow
joint, which was beyond the range of detectable goniometer
signals. There also was a slight peak in bicep activity at

this time which may have corresponded with a stretching of
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the biceps due to elbow hyperextension. The correspondence
between the raw and IEMG tricep data (Figures D3b,d) was
better than that between the raw and IEMG bicep data

(Figures D4b,d).
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1.1.2 Elbow Flexion/Extension; Sagittal Plane

Special conditions: Accelerated movement between joint

reversals and isometric contraction at joint reversal (Phase
II only)

EMG: biceps brachii and triceps brachii

Description: Inital position; arm hanging relaxed at
the side. The movement was forearm flexion and extension
through the entire ROM at the elbow joint (i.e. from FSP to
30° angle with the humerus and back to FSP).

Figures: D5 a,b.
Top graph = EMG data from the biceps and triceps. Bottom

raph = d1sp1acement representing a change in elbow angle
%peaks indicate maximum flexiong valleys indicate maximum
. extension). S - -

Observations:

As in the previous sagittal plane movement trials, the
bicep activity pattern correlated well witﬁ the change in
joint angle (Figures D5a,b): increased activity with elbow
flexion; decreased activity with elbow extension. The
gradual tapering off of bicep activity at maximum flexion
reflected the isometric contraction. In this accelerated
movement task the tricep appeared to play an active role
during the later part of forearm extension evidenced by a
rise in activity which peaked just before maximum extension
and gradually tapered off with the isometric contraction.
Biceps activity also increased slightly prior to maximum
elbow extension to slow the limb as joint reversal was
approached. There was actually slight elbow flexion and
then extension before the limb was held in an isometric

contraction at maximum extension (Figure D5a).



data.
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These data showed the importance of agonist/antagonist
muscle pairs in controlling a limb and holding it in a
certain position. The muscles worked together to slow the
limb, reverse its direction and initiate movement in the
opposite direction., In addition to holding a 1limb in
position at the extremes of its ROM, agonist activity must
be coordinatea with antagonist activity (Figures D5a,b).

This coordinated effort will be seen again throughout these
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1.1.3 Elbow Flexion/Extension; Transverse Plane

Special conditions: With and without cocontragtion

Phases I & II EMG: biceps brachii and triceps brachii

Phase I description: Upper arm was abducted 60%80° from
FAP. Elbow was placed coincident with the axis of rotation
of a mechanical arm which moved in the transverse plane. A
light grasp was maintained on the handle at the distal end
of the mechanical arm, resulting in a supinated forearm
position. Movement was initiated from a 90° elbow position;
the forearm was extended to approximately 120° and returned
to the starting position.

Phase II description: The same as Phase I except the
movement began from an extended forearm position (elbow
angle = 130¥). The forearm was flexed to form a 30° angle
with the humerus and--then returned to the starting -position:

Phase I figures: D6 a,b,c; no cocontraction: D7 a,b,c;
cocontraction; D8 a,b; cocontraction. Top strip chart (7Z)
= displacement representing a change in elbow angle. Peaks
(e.g. 500 mm) indicate maximum flexion; valleys (e.g. 250
mm) indicate maximum extension. Second strip chart (lA) =
EMG recording from the triceps. Third strip chart (24) =
EMG recording from the biceps. _ P (24)

Phase IJ figures: D9 a&,b,c; DI1O a,b,c; D11 a,b,c;
cocontraction. EMG data from the biceps and triceps is
displayed in D9b, D10b, D11b and the top graphs of D9a,
Di0Oa, and Dlla. Displacement representing a change in the
elbow angle (peaks indicate maximum flexion; valleys
indicate maximum extension) is displayed in D9c¢, D10c, Dllc
and the bottom graphs of D9a, D10a, and Dlla.

Observations:

Phase I: The triceps is the agonist for extension and
in the trans&erse plane acts as the prime mover. EMG
activity rose (14) dﬁring extension, leveled off at peak
extensidn, and slowly declined as the forearm was slowed and
ultimately reversed.by ihe biceps (2A). Triceps activity
reliably, coincided with the extension movement phase.

The biceps is the agonist for flexion. During the
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initial extension phase, biceps activity would not neces-
sarily be expected. The low-level biceps activation ob-
served may have been induced by a passive stretch resulting
from the act of extension. A steep rise in biceps activity
was expected prior to full extension as biceps activation is
required to slow extension and reverse forearm direction.
The greatest biceps activation was observed coincident with
forearm reversal (Figures D6a,b,c).

Although the triceps and biceps showed the expected
phase relationships with the displacement pattern, the EMG
patterns showed large variations from trial to trial.

Trials performed under conditions of cocontraction
(Figures D7a,b,c, D8a,b) showed no significant change in the
EMG phase relations. The baselinevlevel of EMG was somewhat
elevated and variability from trial to trial persisted.

Phase II: Data collected on the same transverse plane
elbow flexion/extension task during Phase II was quite
different than that collected during Phase I. Bicep
activity did increase with forearm flexion and decrease with
forearm extension (Figures D9, D10, D11). However, tricep
activity appeared to be unrelated to elbow extension, even
in the trial involving cocontraction.

The lack of relationship between tricep activity and
elbow extension may have been related to the sampling rate

(i.e. 40 samples/second). Signals need to be sampled at a
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frequency at least twice as great as the highest frequency
in the sampled signal (Winter, 1979). If the sampling rate
is too slow, aliasing errors produce a false signal. For
these data, any frequency greater than 20 Hz. was not
adequately represented in the EMG record. Thus, the data
from Phase II demonstrated that sampling rate must be
selected in accordance with the range of potential signal
frequencies to be detected. Violation of this principle

would result in inadequate limb control.



EF

-
4

(EF B=F

v

h=TF

R FLEX/EXT

5 HO

.

85020

L)
s o
O o
11 a
. w B
0 =) g )
~ ) | &
S o& N
A Ol o
AS =
. e »
“ o ] © 0
) I
58 I
g & o A
m 3 299 T
o Ne) @
¥ =]
.M o
S -
Zi - S22 EEE
| b r r-4 9o Ko .Ant m X
i~ (R ) ™. -t Wt wt AU“ Au-. ﬂ.Vn \) .
X = NP P N “
= = = o - b
o ep ey e rmien rioiop s s g Sy = vt o 0 T Y S YT TETY >
TR TS V=R { J&
N \\.. T .\\‘ Wn. \...‘ 4 ]
4 - -~ o
- y
.\\\ - N
» . f ,I.'r. ,\ 4 MN
g w W fe e e e = I ey e L=
Vi AN 7 |
/ us bad ~ .
~ ~- N S |4
(av ~ [s¢] .._ N )H -4
- \.\\ ki ~ |
> oy u - 5
I 3 | R S SRR Y S
~ s ﬂ e i

1.000

= ~ 1
L \ ///
— ~ P i
- < > N ..
e — - = [C] BEpUp x||..\v.|xlu..
~ . P
™~ a) .v
e £
*- i
")
&
kr
P i
(] -W,w PR A - - e o -
P~ == -F -~ - k= »-e
- T
= Y] =i P S,
=H B ,n/
&l /f
T
&
2 (721 1 T R 4--
A pat ]
\\ l
- -t
- .
- W o
X 3k bt
x o 3 | R W | g
N (T - - = < .n.._» .MW hLv N.HIA.W 1 > D D < D
SO D O Srom R oE s T e~ sgoEgey
- - - . L. [ S T O KD o B (Y b )
seEgsoes TERIED & 4 v SO
S G0 N oD S - . “« e & e =
Gk SRV P S S oG oS

0.000



47

-
S o
Ql n
/7] ©
c —
) (=%
¥ B poll)
— ] o
a2 R
[ ~s 5
m < Ale @
o
M L) ] o
=1 B Y
& of =
£ 8 K
m A e 3 O
. L
o ~
S 8 a ¥ o
‘ i o’
E n
— — < Cogx G W - o o O Am-. rm. <D —
<K I~ 2 & 883 i 1~ BREJKSEE X
~ Lhe U W@ N o™y r~ R R A0 I VI S «~
. ¥ . GO O o & -~ 2 oo o oo
Bl v e Tamt R e —id.a.q/lz.._il. o |s_w_... T \.Mﬁ.l 1< L I A KL W1 13
- . ; w

M)

K

."\/
L L

-
T
\~
N\
i

K1 RB=p
\\_
’.-"m
- Pl AN o
-~
! PR
B D
(a)
=51
i
N
N ¥
N
\‘\_x-’
e
____f-f_f
i
i
| I3
!
V"N\t"’/
'
F U SO TS U S
3 5,000
(b)
A=TRI R=BI
i
t
'
i
)
i
T
i
M\'\"\
[}
1
{
L
[}
|
/NN\"
i
1
!
1 L y

4=7rI B
AN

Lra”
N
Vo
i
iy
VA

\ S .
0 ) =]
D T A -|J»,“.,vp - ,A,.-x--- I SO (O S = FUNR SR (U P
s 1 5 - ot N4 - = g
Y R \ Py 1, » o [ad \ .
. Iﬂ!\ (Sl / -
t, I ol BN 1 - ¥ =, 1
- Ry ~, — <«
A, i) “\ ¢ f 1 w & \ :
2 - ~ . 1o |6 = 4
f». D) \, \.\ .1v. ...U. (o) L
4 L ol . vv.ur...x [T SR [PV A 1Y CAlLN. e e - - - A [ —
[ el N - P ™ [l
- < |3 <«
§ lf 1 1t b} 1

/J
o
el
i
FERY
—~a—_
i
b4
[
EXT

oy Ay

HOR FLEX/EXT. COCONTRAZTIOH
—T -
/
]
1
1
L]
v
)
i
J
r ]

8
N

e
} \‘
[
]

i

]

1

4

1

i

.

1}

¥

')'n;

FLEY

:

i

]

i

[}

;

o

!

]

!

§

,

i

t

!

H

1

|
2.000

" KGR FLEX/

K
.
'

g uws
w ™~ -4 -4 .
-4 -4 [aY]
[4Y] [eY] . Pl B
i / by =2 @
. " b
S o P Y ol Y- v e em o e Be o e e e - af - - o - e am ond 0 e w o - B I e ———
.V g~ -
¢
X 4 <,
} 4 . o~ ~ - P 4
4 . ~u -,
{ : 3: 4o »H\.\ .
l X - - ~. ~
AR S0 OO DU VO WO DY OV DO T N [ a1 1 T W | do L.t
< S O S O D L LS i S T I I O DOOOO < DG D
- L Y - - - - - - - Ler B T G R S S s BN Tow ) - - - - - . Cr Cr S Cr O
- o Lo i B B s IO ] <L W0 O o 00 N O OO O O DO o o G o (O Ny
~ ] L I T ~1 P ) v e O o N WO T - L BN O BEAN IR S 2
ul - Wi~ - 1H 0y - - v - s = K~ Mo - o = e e
<> g D D DD OO D OO DD



48

€0

o
v .
&

HO® FLEX/E

g2ik

5

[T

-

CH

275

LRI 3¢

€.000

e VUV

(a)
(b)

v a
. '\) (S

~

A
e VY

Elbow flexion/extension

in the transverse plane.

)

¢

Figure D8,

-~

Y SO RO W W P |

Bid, 0

. PAGE IS
OE POOR QUALITY

ORIGIN



UOTBUa}XF AOQTI -- opnjfubey TeUDTS bulseaxoaq
UOTX3T4 A0qT3 -- apnifubey teubis DBuyseaaouy
t L9y I938WOTUOg

Tauuey)/oag/gatdues Oy :3LVH ONITIHYS WRTP3 :1d33dS LNINIAOH

49

3ANVId dSYIASNVIL JHL NI NOISNILXI % NOIX3ITd MOE13 *egq 2In3F4

Z2COE

esv e

s8¢

2seyv

€S 9v

‘S -

‘AGE -

‘ase -

‘asST-

8°'0S-




50

Tauuey)/oas/8dTdwes Oy 1IJLVH ONITIHVS wnipay :1@3ddS LNIHIAONH

INV1d ISYTASNVEL JHL NI NOISNJILX3d 7 NOIX3ITd M0O€13 *q6Q 2In3TJ

~
N
4=
-l
(N
e
in
e
&
©
o
e
®
m

A

‘asy -

‘AGE~

‘ase-

‘ST -

— 0 °0S-




UOTBUa}X3 AOqTI -- apnijtubBey Teubys Buygseaaxoaq .
UOTIX3aT4 AO0qT3 -- apnitubey teubys Buyseaxour
1oy I933wWOTUOY

Teuuey)/oag/eatdueg Oy 1ILVH ONITIHVS WNYpay 3d3IdS LNINIAON

51

ANVId dSYTASNVIL FHL NI NOISNILXI T NOIXITd MOET3 °d6(Qq 2In3T4

L "8Le 1 "atTae | ‘BST | .
_ 1 1 ] _ 1 1 1 ! T
. ....\..f Pl Was "\
................................. L /ff.. g ..Jffm T Y S I
: \, : { N :
: " : x ¥ : \
................................ mt.-.--.---v..'-.p...-m.-no-.-..W-c-n--w—.cun.o.-.mno-.-..-\o ----II
: 4 m ! A : \
R T T T T IR T R R DU R B T U SR “ .......... _r_ .......... ” ......... _—_ ........... m\...a ....... w ......... /__ e mad
: I w i m \
m ) m _ : _r,__ m
............................... m.............__u“.......m...................m....__.a.....m.......\\........ll
w A N
............................... . ....__...._....Illl
: oo N _\.
................................. e SN YA T e S
! JI933wofuoy 4 x /f% \m
: : YL :
............................... m/....................‘...'.A”-.\\.._..............................M'.I\.l\......s........l.'

faanc

aa9E

a8y

a8t

a8y s




UOTBUa3}XY AOgqT3 -- 3apnjfubey teubyrs HBursewaanaq
UOTX3aTJd A0qQT3 -- 9pniyubey teubyg Burseaanur
1{ay x933woOFuUOH

52

T3uueyy/oas/satduwes OF 1JLVH ONITHVS WNTPAN  1033dS LNINIAON

INVd mmmm>mz<mF JHL NI NOISN3ILXJ '? NOIXITd MOET3 *BQ[Q oinST4

B8TE
B8GE
B886E
a8ty
8Ly

‘ave-
‘88T -
A.QNﬁl
8°'869-
286"




53

Tauueyy/oag/satduss OF 13JLVY ONITIHVS WNFPSH  :1d3A4S LNIWIAOW

INVId HSAAASNVIL IHL NI NOISNILXI % NOIXITd MOETd “q01q °IndTd

‘a8T-

‘aeT -

2°'89-

200"




UL pO USSP 4o ’(I_.h.u TE OGOy | SUU LY YU LB OTwua(g
UOTXaT4d aoqTd -- 3pnitubel tveubBys Buyseaaour
149y X932wOoTUOg

54

Touuey)/oagy/eardues O :3LVY ONITJHYS wWnipay :1Q3IALS LNIHIAOH

INVId YSYIASNVIL 3IHL NI NOISNILXI T NOIXITd MOET3 “O0IQ °4nd14g

&
&
o
4
[+
®
o

: m X : AU Fo0N ST S 7 SN |
e s B R = f J w m | i - P8TE
.w .......... W .......... w ......... L .......... W ...... Wiw ......... ﬂ ......... W ......... M ........ —— 8CE

m .m : / m § : m m
.M .......... W ........... w ......... m. ........ w ..... %..mm .......... he . W.I.\..ZM ........ —— ¥86E

o w w W w FA m
.M .......... w.m ....... w ......... m...f ...... W.% ...... .W .......... w..k ..... W.% ...... M ........ — PBEW

.......... .......... ......... .......... ......... .......... ......... P ........ — b8P




UOY8Ua}IXF AOqTd -- apnirubey teubys Burseauxoaq
UOTXaT4d A0qTd -~ opnitubey TeubBys Buysesaaour
1£a) x839woTuOg

Teuueyy,/2agy/sardues oy ILVH ONITIHYS wnypal :1Q3d3ddS LNINIAOK

{70
[Ta)
UOT3IDBIJUOD0) YITA
INVId dSYIASNVIL IFHL NI NOISNILXI % NOIX3IT1d MO€13 *8[(q 2IndTq
. .@%N . '‘éaTre .ﬂmﬂ . &ﬂﬁm R &M@m .
...... R e TN e \..\I}l.r 2060 ¢
I S S L TN N S S S
TS A e S frf ..... SENTTEITE CRRTRRRE \ S booc
................... ./.r...t . PR
..................... //..“.......‘..............\....\”\....................t./.rln.f..m...................\..\\.\
R LR m.I!ﬂ ..... L mwﬂ ....... e IR fﬂ ......... P o R AACY
L e e [ S A . e ?ﬂﬂ ...... M...kﬁ...w ........
R ... 1933WOTU0YH ....".r..w...p. . ..-..\......\..\.\m .......... e I ‘e xfcl.i.u\ ...... Soveeeann 208%
O SO PE A S S SO AP C
faecE -
fsavre-
B9 T -
‘008 -

%1% 1%




Tauusyy/oas/satdues Oy :ILVY ONITAHVS WNTPeH :1Q3IdS LNINIAOHW

56

UOTIDBIFUODO) Y3IFA

ANYT1d ISYEIASNVYL 3HL NI NOISNILXI ? NOIXITd MOEI3 “q11d °indT4g

(2]
A0S T~
‘086~
‘0a¢E -
TP G TN SO WSS WS
]




UOTBUa}XT AOqQTI -- ‘@pn3fubey Teub¥s bBuyseaanaq
UOTXaT4 A0qTd -- opn3fubey TRUuBTIS Butrseaxour
t1{a) xaj3awoFuUOog

57

Tauusyy/0as/eatrdues Oy :ILVY ONITIHYS wnypal :1Q3I4S LNINIAON

" UOT}DBIJUOD0D) YIFFA

INVId HSYFASNVIL IHL NI NOISNILXI T NOIXITd M0Og13 "O11Q 2In3y1y

200¢

289¢

aacy

aasy

. : .
. . . . . . ' . . :
. . N ' 3 . H H . N
: N . . . . ) H . .
R e e e e R R I NI I R e e s Moo e s Voo oo o as RO I I I [ V. ngm
. . . : . . . N : .

I e I T T T T T R T T T S S S T T S R S P T T T T T T T T T T T - e




NAG 5-895 EMG Signals

58

1.1.4 Elbow Flexion/Extension; Transverse Plane

Special conditions: Slow and moderate speeds (Phase I
only)

EMG: biceps brachii and triceps brachii

Description: Upper arm was abducted 60280° from FAP
(fundamental anatomical position). Elbow was placed co-
incident with the axis of rotation for a mechanical arm
which moved in the transverse plane. A light grasp was
maintained on the handle at the distal end of the mechanical
arm, resulting in a supinated forearm position. Movement
was limited to an approximate 30° range. Two speeds were
assessed: (1) approximately 80° /second (slow), (2) approxi-
mately 140° /second (moderate).

Fipures: D12 a,b,c.

Top strip chart (8Y) = displacement representing a change in
elbow angle. Peaks (e.g. 400 mm) indicate maximum flexion;
valleys (e.g. 80 mm) indicate maximum extension. Second
strip chart (1lA) EMG recording from the biceps. Third
strip chart (2A) EMG recording from the triceps.

Observations:

At slow speeds, EMG activity was less distinctive.
Although the triceps continued to bear good phase relations
with extensor movements, biceps activity was less definitive
(Figures D12a,b). At mbderate speeds, however, a much more
distinctive pattern emerged (Figure D12c). Two points can
be made. First, at slow speeds it was biceps activity which
appeared quite undifferentiated by movement phase. This
lack of a movement related activation pattern may have been
due to the difficulty of monitoring the activation of
multiple muscles responsible for elbow flexion. Without
external resistance, slow-speed flexion may not have re-

quired biceps involvement as much as brachialis involvement.
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As previously described, monitoring the brachialis was
problematic due to its position under the biceps. It wés
because of this kind of 'load sharing' problem that.
cocontraction movements were also studied.

The second point to be made is that at moderate speeds,
arm reversal from extension to flexion appeared to be con-
trolled by bursts of biceps activity. Rather than con-
tinuous activation, the EMG level rose sharply near re-
versal, and subsided during the flexion phase to a rela-
tivelyriow bééelih;"ie§e1 B;“thé”fiﬁe ofhfﬁil fi;kion; ‘fhé
strategy in the moderate speed movement appeared to be one
of ballistic control. The EMG burst resulted in reversing
the extension, and supplying sufficient torque to allow the
flexion moveﬁent to continue ballistically. At reversal
from flexion to extension, a steep rise was seen in triceps
activity, but with more slowly declining EMG levels over the
course of the extension. The extension phase, though no
different in duration from flexion, showed a more continuous

EMG activation in the triceps.
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Figure D12, Elbow flexion/extension in the transverse plane.
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Humeral Movement-Shoulder Joint Complex

2.0‘Anatomica1 Consjiderations

Movement at the shoulder is the result of integrated
'action among four articulations: (1) glenohumeral,

(2) sternoclavicular, (3) acromiocla&icular, and

(4) scapulothoracic (Inman, Saunders, & Abbot, 1944;

Engin, 1980). The glenohumeral articulation was of primary
interest in the present study. However, some consideration

must be given to the other joints because of the multi-
artiéui;f.mﬁéglérinv;i;;ﬁent aﬂd the subsequent effect on
obtaining clean data for upper arm movements. Complications
arising from tﬁe architecture of the shoulder complex will
be discussed below.

The glenohumeral articulation is an enarthrodial (ball-
and-socket) joint created by the upper arm (humerus) and the
scapula. Three degrees of freedom are possible at the
glenohumeral joint (Figure 6): (1) flexion/extension in the
sagittél plane, about a bilateral axis, (2) abduction and
adduction in the frontal plane about & anterior-posterior
axis, and (3) internal/external rotation in the transverse
plane about a polar (i.e.‘vertical) axis. Prime movers for

each degree of freedom are listed below:
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(shoulder joint)
(shoulder joint)
Abduction
1 Adduction
Extension (\ b)
(a)
(shoulder joint)

(shoulder joint) ()

- Fipure 6. Degrees of freedom at the glenochumeral joint: (a)

sagittal plane flexion/extension, (b) frontal plane
abduction/adduction, (c) internal external rotation in the
transverse plane. (Adapted from Biomechanics: A Qualitative
Approach for Studying Human Movement (p. 105, 108, 110) by
E. Kreighbaum and K. M. Barthels, Minneapolis: Burgess.)
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Action Prime movers
Flexion Deltoid (anterior portion)
Pectoralis major (clav1cular portion)
Biceps brachii
Extension Latissimus dorsi
(against Teres major

resistance)

Abduction Deltoid (middle portion)
Deltoid (anterior portion)
Supraspinatus
Adduction Latissimus dorsi - ] ]
(against ‘Teres major

resistance)

Internal Deltoid (anterior portion)
rotation Subscapularis
Teres major
External Infraspinatus
rotation Teres minor
Elevation Trapezius (parts I & II)
of the
shoulder
girdle

Note, See Figures 8 and 9.

2.0.1 Integrated Movement

In elevation of the humerus, both in flexion and
abduction, movement at the glénohumeral joint is accompanied
by movement at the scapulothoracic joint. During the first
30260° of elevation, movement at the two joints is somewhat
individually patterned.

Once above 30~60° ,however, a

consistent 2:]1 movement relationship between glenohumeral
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Pectoralis major:
Claviculer
portion

Sternet
poction

islls

Tendon of pectorslis mejor
{sternal portion}

Redius

Figure 7. Anterior view of chest and upper arm muscles: (a)
superficial muscles, (b) deep muscles. (Adapted from

Kinesiology: The Science of Movement (p. 72) by J. Piscopo
and J. A. Baley, 1981, New York: Wiley.)
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ORIGINAL PaGE 13
OF POOR QuarrTy

Trspezius

Supraspinatus

Infeaspinatus

minor
o
ng head
(a) ?
Triceps
{torerotl Rk =
head) 4 i - S\
_QM//ﬁ' q’=kh
/4
-
4 eres ma
él (> ' o

iy .
(b) °

Figure 8. Posterior view of back and upper arm muscles: (a)
superficial muscles, (b) deep muscles. ((a) adapted from
Kinesiolopy: The Science of Movement (p. 71) by J. Piscopo
and J. A. Baley, 1981, New York: Wiley: (b) Adapted from
Kinesiolopy : Scientific Basis of Human Motion (p. 89) by K.
Luttgens and K. F. Wells, 1982, Philadelphia: Saunders.)
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and scapulothoracic movement is observed. For every 15° of
humeral elevation, 10° is the result of glenohumeral mo;e—
ment ; 59 is the contribution of scapular rotation. Because
of the multi-articular interactions, isolation of movements
for the purpose of recording EMG is difficult. "And, in any
'natural' movement, multiple muscle activations occur for
the purpose of either executing the intended movement, or
stabilizing other articulations in the shoulder complex.
Additionally, the superficial vs deep topographical rela-
tionsﬁip among shoulder;complé§>musc1es increases ghe
difficﬁlty of obtaining clean EMG data from prime movers in
certain actions. Examples of this difficulty are addressed
in the discussion of specifiﬁ data sets.

2.0.2 External Force Considerations

As previous described relative to elbow flexion and
extension, gravity plays the role of forcing extension and
adduction when the limb is flexed or abducted. In this
case, extension and adduction are controlled by the eccen-

tric contractions of the humerasl flexors and abductors.
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2.1 Shoulder Joint Movement Data

2.1.1 Shoulder Flexion/Extension; Sagittal Plane

Phases I & II EMG: biceps brachii and anterior deltoid

Phase I description: Initial position; arm hanging
relaxed at the side. The movement was flexion of a straight
arm to shoulder level (i.e. 90° angle with the trunk) then
extension to return to FAP,

Phase II description: Same as Phase I.

Phase I figures: D13 a,b,c;

Top strip chart (1Y) = displacement representing a change in
shoulder angle. Peaks (e.g. 1050 mm) indicate maximum
flexion; valleys (e.g. 250 mm) indicate maximum extension.
Second strip chart (1A) = EMG recording from the biceps.

""" Third strip chart (2A) = EMG recording from the anterior - -~
deltoid.

ase I1 figures: D14 a,b,c,d;

EMG data from the anterior deltoid and the biceps are
displayed on the top graph of Dl4a. The bottom graph of
Dl4a shows displacement representing a change in shoulder
angle (peaks indicate maximum flexion; valleys indicate
maximum extension). EMG data for the anterior deltoid and
the corresponding raw data are shown in Dl4b,c. Shoulder
angle displacement data for Dl4c is shown in Dl4d.

Observations:

Phase I: The anterior deltoid and the biceps brachii
showed similar rising slopes in conjunction with raising the
arm. The deltoid is & prime mover in this action. The
biceps is a two-joint muscle having some influence on
shoulder flexion, but its moment arm does not make it a
primary flexor. Nevertheless, a consistent pattern of
biceps activity was seen in shoulder flexion.

The return from flexion to FAP showed different slopes
between the two monitored muscles. The deltoid showed a

much closer phase relation with the displacement pattern.
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The biceps maintained 8 relative plateau until extension was
almoét completed. |
Phase II: As in Phase I anterior deltoid activity and
bicep activity increased as the arm was raised to shoulder
level (Figure Dl4a). As the arm was returned to FAP the EMG
activity slopes of the two monitered muscles appeared
similar. The raw EMG data (Figures Dl4b,c) from the

anterior deltoid corresponded well with its processed data.



Shoulder Hevon [ Edennon
M > BCeps, ATeR0 DELTDI D

‘200. SPARGY ¢ GUFRA-RED ChEDIRN) JRIPIPGEDE QH:!LF_:TH?FJ!'. 69
(MM) i )
000 LT ! ! ] %0096
BOC. | : . L] én k= O
600, | ' 243
400, 0.3000 '
| 0.2400
ks 0.1800
= 0.1200
N 0.0600
0.6000 =2 0. 0000
0.4000F '
' 2R
0. 2000 : | L8]
0.0000 : . - !
=0, 20X i ; R T ‘I L I L ll L i
¢, Cos 0.50C 1,036 1,500 2,000 2.500 2,000
TIME {(seg) ( a )
izoo. (HN{ PEERET» QURWLEED CiEr3Io ARIPIPGCE GH'-‘RCLTDSUU\; QSM"
§] i
1000, .
800, & , ) GmA "hl:
] >

€00,
400,

| 6, 4000
0,3200
0,2400

[]
|14 ] ; 0.160¢
. 0.0800
0.8000 : 0.0000
0.6000 1
0. 4000 ! !
0.2000 , \ .
0., 0000 ; i i { l
-o' 200(’ L L I S i 1 Iy 1 2 i L b H 1 1 1 y 1 1 1 1 4 1 1 -
0. 000 0.500 1,000 1.500 2.000 2.500 2,000 Figure 13.
TIVE (280) (b) Shoulder flexion/extension
in the sagittal plane.
1200 850098: SHOULDER FLEXION §A=BICEPS 24=DELTOID(A) SSoo4e
: T ] T
1000, . ; . i 1 émn k= 10
0¢., ! ! : : 4L 20+3
£00. ; : ! , : -
400, ; ; : : : | 0.5000
- ] ] ] ] t (MV)_ 0.4000
] 1 ] ]
' . < 0.3000
o
. 0.1000
0.8000 h —"1 60000
0.6000 ' ' -
] ]
0. 4000 ' \ _ [E
] ]
0.2000} f 1 ! \ -
0.0000 L L1 I U N S Y l P | J S S l 2 [ L l-"/L-/
0.000 0.500 {,000 1,500 2,000 2.500 3,000

TIME (seg)



70

, uorsualIXy -- apnitubey Teubys Buyseaanaq
_ UOTXaT4 -~ apnj3rubey teubys Buyseaasour
ﬁ t1{a)y za838woFuUOg

Touusy)/oag/satdues QOF :ILVH ONITIHVS wnypay 1Q33dS LNINIAOH

wmz<4m TVLLIOVS JHL NI NOISNILX3 % NOIXIT1d ¥3QINOHS “©%1 3In314

do " SAdAAdS

71 aee9

— 3999
m ......... — BB L
........ L AB8l

TN R I b SRR TS TR SR e _ pab 8

AT -
‘'a08 -

‘aov -

(%1% 1% B

‘0avy




71

Tauusygy/oag/satdues O0F 1ILVH ONITIHVS WnTpay 1Q33dS LNIHIAOHW

INVId TVLLIOVS JHL NI NOISNILXI T 'NOIX3ITd ¥3IATINOHS "q¥1 °In3Td

TdY  SAAAAUAS

asec -
faactT -
‘aav -
‘oev

2aact

BacT~
‘808-
‘eav -
%17 B

‘80v




72

Tauuey)/oag/eatdues 0Oy 13JLVH INITHHVS

UNnyFpay 3:31q33dS LNIHIAOH

3NVId TVLLIOVS 3HL NI NOISNILXI % NOIXITd ¥IATNOHS 2% {3IndTg

—
-

oo el
——
—

...............................................................................

OBET -

............................................

.................................

.................................

.................................

e e S w....Z...m:“..uOﬁumu=< mey "

TeudTg proO3Ta(

‘o8-

‘aov -

‘8av




UOTBUdIXT AOqTT -- opniTubey TeUbBIS
TeX3INadN O3} UOTXaT4d Aoqrd -- opnitubey Teubys

73

Teuuey)/o3s/8atdues OOy 1ILVY ONITIHVS WNFPay

INVId MVLLIOVS JFHL NI NOISN3ILX3 T NOIX3d

Buyrseaaxoaq -
Buyseaxour
1 La) x939wWOTFUOL

1q33dS LNIHIACOH

¥3ATINOHS “PYy1 2¥IN3Td

..........................................................

............................................................................

....................................

966S

9669

96T

96Le

96¢€8




NAG 5-895 EMG Signals
74

2.1.2 Shoulder Abduction/Adduction; Frontal Plane

Special conditions: Slow (.3 Hz) and fast (1.2 Hz)
movements (Phase I only) '

EMG: middle deltoid and posterior deltoid

Description: Subject was seated, facing the cameras,
with the right arm hanging relaxed at the side. The arm was
moved through a 90° ROM. The arm was abducted 90°then
returned (adduction) to the starting position. Subjects
wvere asked to perform the movement at two different speeds,
slow and fast. The speeds were self-selected.

Figures: D15 a,b,c; D16 a,b,c;
Top strip chart (1Y) = displacement representing a change in
wrist position as it moved through an arc in the frontal
plane. --Peaks (e.g+.-1200-mm) indicate maximum abduction (a -
position in which the wrist is at the same horizontal level
as the shoulder). Minimums (e.g. 500 mm) indicate a return
to the FSP (wrist is vertically in line with the shoulder).
Second strip chart (1A) = EMG recording from the middle
deltoid. Third strip chart (2A) = EMG recording from the
posterior deltoid.

Observations:

In the slow speed trials (Figures Dl15a,b,c), both the
middle and posterior deltoids contributed to the abduction
movement., There was a consistent lagging of peaks between
the two muscle sections. The middle deltoid rose to its
peak half way through the abduction (approximately 45%) .
The posterior deltoid showed a slope similar to the middle
deltoid, but it maintained its maximal activation longer
(i.e. through maximum abduction).

Because the movement was performed in the frontal
plane, gravity provided the force necessary to return the
arm to its initial position. Control of the adduction,

therefore, was due to the eccentric contraction of the
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middle and posterior deltoids. As the position graph showed
a return to FSP, the EMG activity too showed a decline..
Thus the EMG activation patterns displayed close pa;allels
with the position-time data for the movement. One should be
reminded that when working in a gravitational field, the
agonists of a movement may control the movement in both di-
rections - first concentrically, then eccentrically. When
this is the case, the antagonists are not needed for limb
cqntrol. In weightless conditions, antagonist muscles would
need to be monitored for a control signal to return the arm
to FSP.

The middle and posterior deltoid activation patterns
were similar across the two speeds selected (Figures
D16a,b,c). The ballistic strategy observed in forearm
flexion/extension tasks was also observed in the arm
abduction/adduction movement. In this case, the envelope of
middle deltoid activity reached its peak midway through the
displacement pattern, then droped off more sharply, to reach
a baseline level before the arm returned to FSP. This
pattern may be explained by a strategy that involves
generating a high acceleration of the limb early in the
movement, then letting inertia carry the limb to its re-
versal position. Gravity will return the arm to FSP without
muscular effort, and control of the limb at the end of the

movement (before the arm hits the side of the body) appears
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to be by small EMG bursts that occur just before reachipg

the minimum position, particularly in the posterior deltoid.
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2.1.3 Shoulder Abduction/Adduction; Frontal Plane

Special conditions: Slow (.5 Hz) and fast (1.2 Hz)
movements (Phase 1 only) '

EMG: middle deltoid and trapezius

Description: Subject was seated, facing the cameras,
with the right arm hanging relaxed at the side. The arm was
moved through a 90° ROM. The arm was abducted 90° then
returned (adduction) to the starting position. Subjects
were asked to perform the movement at two different speeds,
slow and fast. The speeds were self-selected.

Fipures: D17 a,b,c; D18 a,b;
Top strip chart (1Y) = displacement representing a change in
wrist position as it moved through an arc in the frontal
plane. Peaks (e.g. 1200 mm) indicate maximum -abduction (a
position in which the wrist is at the same horizontal level
as the shoulder). Minimums (e.g. 500 mm) indicate a return
to FSP (wrist is vertically in line with the shoulder).
Second strip chart (l1A) = EMG recording from the middle
deltoid. Third strip chart (2A) = EMG recording from the

trapezius.

Observations:

In the slow speed trials (Figures D17 a,b,c) the EMG
envelope for the middle deltoid was consistent with the
pattern seen in previous tests. Peak activity occured priof
to maximum abduction, and declined with a slope similar to
that of the displacement. The trapezius showed a pattern
similar to that of the posterior deltoid; a rise to peak
activity coincident with maxiﬁum displacement. This pattern
of activity might have been expected aé the trapezius acts
as a stabilizer of the clavicle and scapula, from which the
arm is suspended. Thus, the middle deltoid (along with deep
muscles, e.g., subscapularis) initiate the abduction and the

posterior deltoid or trapezius acts somewhat later in the
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motion when the resistance moment arm lengthens and the
torque about the shoulder increases. |
In the fast speed trials (Figures D18a,b) a similar
ballistic strategy was discerned from the EMG activation
patterns. In these trials, the secondary middle deltoid

burst was even more pronounced in controlling the adduction

due to gravity (Figures D18a,b at 1.0 and 2.0 sec). The
trapezius also showed some evidence of a secondary burst

(Figures D18a et 2.0 sec) but with less consistency.
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2.1.4 Shoulder Abduction/Adduction; Frontal Plane

Special conditions: With and without cocontraction
(Phase Il only)

EMG: middle deltoid and pectoralis major

Description: Initial position; right arm hanging re-
laxed at the side. The arm was abducted to form a 80 angle
with the trunk, then returned (adduction) to the starting
position.

Fipures: D19 a; D20 a,b,c;
Top graph = EMG data from the anterior deltoid and the
pectoralis major (D19a, D20a). Bottom graph = displacement
representing a change in shoulder angle in the frontal plane
(peaks indicate a return to FSP; minimums indicate maximum
abduction). Raw EMG data from the middle deltoid (D20c) and
the corresponding processed EMG data (D20b) also are
displayed.

Observations:

Without cocontraction the middle deltoid EMG activity
peaked just prior to or at maximum abduction (Figure D19a).
This activity.pattern was similar to those observed in the
‘Phase I shoulder abduction/adduction tasks across speeds.
Pectoralis major EMG activity appeared to be absent. Since
the pectoralis functions as an adductor of the humerus, this
result was expected. In a gravitational environment gravity
is the force which acts to adduct the humerus, and this
action is controlled through eccentric contractions of
abductors (e.g., the deltoid).

With cocontraction, the EMG activity pattern of the
middle deltoid was quite different. Similar to the results
of Phase I activity peaked half way through arm abduction.

As suggested by the Phase I results, another abductor
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(i.e. the posterior deltoid) may control movement of thg
limb after this point. Middle deltoid activity also peéked
half way through adduction. This peak may have been related
to the cocontraction task, or an effort to slow the effects
of gravity. Regardless, it did not reverse the direction of
the movement as evident in Figure D20a. Pectoralis major
activity rose to a slight peak as the arm returned to FSP.
This activity may have been related to active addﬁction
performed against the resistance of the trunk. The raw EMG
data apbég}éaﬂio cdrreiafé ;éil wifﬁrfhe”proéé;séd datéi‘.

(Figure D20b,c).
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2.1.5 Internal/External Rotation of the Humerus; Transverse
Plane, Vertical Axis

Special conditions: With and without cocontraction;
Intersegmental shoulder angles of 0%°and 45°

Phase I & 1T EMG: teres major and infraspinatus

Phase I descr;ptlon' Position 1: The subject's forearm
was flexed 90° at the elbow. With this forearm position,
the subJect was placed such that the longitudinal axis of
the humerus was colinear with the axis of rotation for a
mechanical arm. That is, the elbow was fixed on top of, and
coincident with, the rotary axis of the mechanical arm., In
this position, drawing the hand toward the body was indi-
cative of internal humeral rotation, and swinging the hand
awvay from the body marked external humeral rotation. The

intersegmental angle between the humerus and the line of the- -

trunk was as close to 0° as possible. Position 2: The
humerus was flexed approximately 459 creating a 45° inter-
segmental angle with the trunk. To maintain hand contact
with the mechanical arm, the intersegmental angle at the
elbow was relaxed to an angle greater than 90%

Phase JI description: Subject was seated in a chair.
Forearm was flexed to form a 90° angle with the humerus at
the elbow joint. From this position, drawing the hand
toward the body was indicative of internal humeral rotation,
and swinging the hand away from the body marked external
humeral rotation. Due to the nature of the movement and the
size of the goniometer, monitering changes in joint angle
were not possible.

Phase I figures: D21 a,b,c; trunk 45° no cocontraction:
D22 a,b; trunk 0° no cocontraction: D23 a; trunk 45° cocon-
traction: D24 a,b,c; trunk 0° cocontraction. Top strip
chart (7Z2) = displacement representing a change in rotation
angle. Peaks (e.g. 700 mm) indicate maximum internal ro-
tation; valleys (e.g. 250 mm) indicate maximum external ro-
tation. Second strip chart (l1A) = EMG recording from the
teres major. Third strip chart (2A) = EMG recording from
the infraspinatus.

Phase II fipures: D25 a,b,c; no cocontraction: D26 a}
no cocontraction: D27 a; cocontraction: D28 a,b; cocon-
traction., EMG records of infraspinatus and teres major
activity are displayed in D25c, D27a, D28a,b and the top
graph of D26a. The bottom graph of D26a shows the corre-
sponding rawv EMG data for the infraspinatus. The EMG
records of both muscles are displayed seperately in D25a,b
(Top graphs = infraspinatus activity; Bottom graphs = teres

ma jor activity).
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Observations:

Phase I: The infraspinatus is'an external rotator of
the humerus at the glenohumeral joint. The teres major is
an internal rotator. In theory, these two muscles should
display peak EMG activation patterns that are out of phase
with one another. However, a couple of a priori problems
existed. First, the two muscles are difficult to distin-
quish superficially. Even though anatomical texts display a
reasonable spatial distinction between the muscles, they 1lie
next to one another. As mentioned in the anatomical con-
siderations section, even reasonably close proximity between
muscles compromises our ability to record separate EMG
patterns., In an attémpt to maximize the distance, the
electrodes for the teres major were placed as lateral as
possible - but this iﬁdﬁced difficulties in recording
movement artifact created by scapular movement.

The second problem arose out of muscle function. The
prime mover for internal rotation is the subscapularis.
However, the subscapularis is s deep muscle and not acces-
sible for surface EMG recording. The teres major, although
'identified as an internal rotatbr, may be active in that
function only against resistance (Basmajian, 1979).

In Figure D2la,b,c, the shoulder intersegmental angle
was 45°, and humeral rotation was performed without cocon-

traction. A clear phasic pattern was displayed by both the
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teres major and the infraspinatus. Unfortunately, the
phasic activity of the two muscles was identical. This-
failure to distinquish different phasic patterns suggested.
an inability to distinquish the two muscles in electrode
placement. Had the two muscles been properly identified,
and if the problem was lack of teres major activity due to
low resistance, then the teres major should show no EMG
activity. From the figures, it appeared that only the
external rotatory activity was monitored. Additionally, thg
infréspinatus appeared agéive oﬁly at therextrémeé of tﬁe
-ROM for external rotation.

Figure D22a,b are from trials in which the shoulder
intersegmental angle was 0°. No change in the EMG activation
pattern was observed other than & reduction in signal amp-
litude. This position was tested to give some indication of
the changes that might be expected in the EMG patterns
during coordinated, multi-segmented movement. In this case,
it appeared that the EMG pattern was minimally altered by
shoulder flexion.

Figures D23a and D24a,b show trials in which internal
and external rotary movements were monitored under condi-
tions of cocontraction. Again, little change in the phasic
pattern was observed; although the pattern was less sharply
distinquished than in cases of relaxation.

Phase II: The results of Phase II were a bit more
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promising than those of Phase I. The reason for the
difference may have been the muscular definition of the
subject.

Limb displacement was not monitered in Phase II so it
could not be related to muscle activity. However, the
relationship between the phases of muscle activity could be
observed. As the initial movement of external rotation was
made the EMG activity of the infraspinatus rose to a sharp
peak with little if any coincident teres major activity
(FiguresvDZSa,b,c).. Tﬁis pattérn was also obsef;;d asvthé
second external rotation movement was executed. However,
the infraspinatus activity also peaked with teres major
activity during internal rotation.

With cocontraction certain rotation movements did
display the expected phasic activity: infraspinatus active
for external rotation, teres major quiet; teres major active
for internal rotation, infraspinatus quiet (Figures D26a,
D27a, and D28a,b). Howevgr, these patterns wvere hot at all
consistent. The problems mentioned in the Phase I discus-
sion of these data also played a role in Phase II. These
internal/external humeral rotation activation patterns were
not considered distinctive enough to provide precise éontrol

for an external limb or robot arm.
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2.1.6 Internal/External Rotation of the Humerus; Transverse
Plane, Vertical Axis -

Special conditions: With and without cocontraction;
Intersegmental shoulder angles of 45°and 0°(Phase I only)

EMG: anterior deltoid and pectoralis major

Description: Position 1: The subject's forearm was
flexed 90° at the elbow joint. With this forearm position,
the subject was placed such that the longitudinal axis of
the humerus was colinear with the axis of rotation for a
mechanical arm. That is, the elbow was fixed on top of, and
coincident with, the rotary axis of the mechanical arm. In
this position, drawing the hand toward the body was indica-
tive of internal humeral rotation, and swinging the hand
away from the body marked external humeral rotation. The
intersegmental angle between the humerus and the line of the
trunk was as close to 0° as possible. Position 2: The
humerus was flexed approximately 45'creating a 45° inter-
segmental angle with the trunk. To maintain hand contact
with the mechanical arm, the intersegmental apgle at the
elbow was relaxed to an angle greater than 90 .

Figures: D29 a,b, trunk 45° no cocontraction: D30 a,b,
trunk 0° no cocontraction: D31 a,b, trunk 45° cocontraction:
D32 a,b, trunk O0° cocontraction. Top strip chart (7Z) =
displacement representing a change in humeral rotation
angle. Peaks (e.g. 700 mm) indicate maximum internal
rotation; valleys (e.g. 250 mm) indicate maximum external
rotation. Second strip chart (l1A) = EMG recording from the
anterior deltoid. Third strip chart (2A) = EMG recording
from the pectoralis major.

Observations:

Little success was achieved in identifying the teres
major as an internal rotator of the humerus. The anterior
deltoid was considered a possible source for internal
rotation signals as it is considered to operate in all
humeral flexion tasks and during inward rotation (Luttgens &
Wells, 1982). One caution, however, is that the line of

pull of the enterior fibers may allow them to act only under
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circumstances of maximum external rotation.

Like the deltoid, certain parts of thé pectoralis major
are considered to act during internal rotation. In par-
ticular, the clavicular portion of the pectoralis major acts
to flex, horizontally flex, and inwardly rotate the humerus.
However, again we are faced with a situation in which the
muscle may act to inwardly rotate the humerus only against.
resistance (Scheving & Pauly, cited in Basmajian, 1979).

In Figures 29a,b and 30a,b internal/external rotation
of the humerus was performed with 45° and 0° of trunk
flexion respectively. Both the anterior deltoid and the
pectoralis major displayed similar activity patterns,
however both patterns showed peaks corresponding with
maximum external rotation. Since both muscles are described
as conditional inward rotators of the humerus, the peak
activity displayed at the extreme end of external rotation
may have been caused by a passive stretch. The degree of
shoulder flexion did not appear to affect the myoelectric
activity of the anterior deltoid or the pectoralis major.

When the internal/external humeral rotation movement at
45° of shoulder flexion was accompanied by cocontraction
(Figures 31a,b) the activity level of both muscles
increased. The anterior deltoid activity still peaked with
maximum external rotation, but the pectoralis major showed a

slight peak with internal rotation. Pectoralis major
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activity also peaked as the first external rotation movement
was initiated. A change in the shoulder flexion angle to 0°
did not appear to alter the activity of the pectoralis major
(Figures 32a,b). However, the anterior deitoid activity
pattern clearly corresponded with internal rotation of the
humerus. The anterior deltoid appeared to initiate internal
rotation from the maximal externally rotated position and to
continue acting as an internal rotator until maximal

‘internal rotation was reached.
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Figure 29. Internal/external rotation of the humerus in the
transverse plane about a vertical axis.
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Figure 30. Internal/external rotation of the humerus in the

transverse plane about a vertical axis.
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Figure 31, Internal/external rotation of the humerus in

transverse plane about a vertical axis.,
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Figure 32. 1Internal/external rotation of the humerus in the

transverse plane about a vertical axis.
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Wrist Flexion/Extension and Grip Movements

3.0 Anatomical Considerations

A gripping motion, generally performed with a slight
degree of wrist extension, requires flexion across the

interphalangeal and metacarpal joints. The muscles respon-

sible for the gripping action are located in the forearm,
with long tendons running distally to the fingers. More
specifically, these finger and wrist flexors originate from

the medial epicondyle of the humerus. This flexor group

includes the flexor digitorum profundus, flexor digitorum
superficialis, flexor pollicis longus, flexor carpi ulnaris,
flexor carpi radialis, and the palmaris longus. As a group,
these muscles are responsible for creating the grip.
Recording EMG activity during the grip comes not from any
individual muscle, but is a global signal from the flexor
group (Figure 9). |

Those muscles responsible for release of the grip, or
extension of the wrist and fingers have a common origin on
the lateral epicondyle of the humerus. This extensor group
includes the extensor carpi radialis brevis, extensor carpi
radialis longus, extensor carpi ulnaris, and the extensor
digitorum (Figure 10). Like the flexor group, the EMG
extensor signal comes from a group of muscles rather than

any single muscle.
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Figure 9. Anterior view of the left forearm and hand

muscles: (a) deep muscles, (b) superficial muscles., (Adapted
from Kinesiology: The Science of Movement (p. 82) by J.

Piscopo and J. A. Baley, 1981, New York: Wiley.)
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This global EMG recording is a function of methodo}ogy
and anatomy. The body is a volume conductor of electrical
signals. Given the close spatial arrangement of the flexor
(or extensor) muscles, surface electrodes are generally in-
capable of distinguishing among the muscles - presuming of
course that only a select number of the flexors were to act
during the movement. Thus the EMG record may contain
activity from numerous muscles used to perform a similgr

function.
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3.1 Wrist Flexion/Extension and Grasping Data
3.1.1 Grasping
Special conditions: With and without cocontraction;

supported and unsupported forearm (Phase I only).
EMG: flexor and extensor groups

Description: The forearm was held in a flexed position
such that the elbow angle approximated 90°. The fingers
were held straight and the thumb moved in opposition to the
fingers in a pincer movement. The EMG signal was recorded
from locations approximating the flexor group (distal to the
medial epicondyle) and the extensor group (distal to the
lateral epicondyle, anterior surface of the forearm).

Figpures: D33 a,b,c;

Top strip chart (5Y) = displacement representing a change in
grip opening. Peaks (e.g. 740 mm) indicate maximum closure
of the grip. Minimum values (640 mm) indicate maximum
opening of the grip. Second strip chart (1A) = EMG re-
cording from the flexors. Third strip chart (2A) = EMG
recording from the extensors.

Observations:

In Figure D33a, extensor activity seemed well cor-
related with opening the grip. The flexor activity seemed
poorly differentiated. In response to the.poor flexor
recording, the electrodes were moved to a location more
medial on the forearm. Figures D33b,c althohgh still
somewhat noisey, showed much greater definition in acti-
vation of the flexors versus the extensors. Trials 33b and

33c showed good phasic patterns for the two antagonist

muscle groups.
While good correlation between muscle activation and
position data was evident, one must be reminded that the

grasping motion was being done in isolation. Previous tests
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have already alluded to the difficulty of identifying
specific muscle action in multi-segmented, coordinaped

action.
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3.1.2 Wrist Flexion/Extension; Sagittal Plane

_ Special conditions: Accelerated movement with an
isometric contraction at joint reversals; Flexion only with
isometric contraction at joint reversal; (Phase II only)

EMG: flexor and extensor groups

Description: Task 1: Initial position; subject seated
with arm relaxed at the side in FAP. From this position the
wrist was rapidly extended, approximately 45° , held in an
isometric contraction at full extension, then rapidly
flexed, approximately 45° and held in an isometric con-
traction at full flexion. This action was repeated.

Task 2: From the same initial position the wrist was flexed
approximately 45° |, held in an isometric contraction at full
flexion, then returned to FAP. This action was repeated

Figures: D34 a,b; flexion/extension: D35 a,b,c,d;
flexion only. The EMG record for both the flexors and
extensors is shown in the top graphs of D34a,b. The bottom
graphs of these figures = displacement representing a change
in the wrist angle (peaks indicate maximum flexion; valleys
indicate maximum extension). EMG activity of the wrist
flexors is shown in the top graphs of D35a,c and the bottom
graphs of D35b,d. Displacement representing a change in the
wrist angle is shown in the bottom graphs of D35a,c (peaks
indicate maximum flexion; valleys indicate a return to FAP)
Raw EMG wrist flexor data is shown in the bottom graphs of
D35b,d.

Observations:

Wrist flexion EMG activity correlated well with the
wrist flexion movement (Figures D34a,b). There was a sharp
peak in activity, as the wrist was rapidly flexed, which
tapered off as the wrist was held in an isometric con-
traction at maximum flexion. During rapid wrist extension,
there was an increase in EMG wrist extensor activity, but
there also was low level flexor activity. Both muscle

groups had elevated activity during the isometric con-
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traction in the maximally extended position.

In the flexion only task, EMG activity of the wrist
fiexors clearly peaked as the wrist was rapidlf flexed, and
gradually tapered off with the isometric contraction and
return to FAP (Figures D35a,c). The raw EMG wrist flexor
data showed distinctive bursts of activity with rapid
flexion (Figures D35b,d). In both tasks, a rapid wrist
flexion movement clearly demonstrated a relationship with
the displacement graph. Thus, perhaps this movémen; could
beAused as a "trigger movement", a movement performed by the
robot operator which elicits a different yet similar move-
ment in the robot. For example, since the grasping data and
the forearm pronation/supination data to be presented later,
did not clearly demonstrate phasic activity in all cases,
perhaps a rapid wrist flexion movement by the robot operator
could be used to create a grasping movement or forearm

pronation/supination in the robot.
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3.1.3 Wrist Flexion/Extension; Transverse Plane

Special conditions: Fast and slow movement speeds
(Phase I1 only) '

EMG: flexor and extensor groups

Description: Initial position; subject seated with arm
flexed to create a 90° intersegmental angle at the elbow.
The bilateral axis for wrist flexion was placed co-linear
with the goniometer axis of rotation (i.e. the wrist was
fixed on top of the rotary axis of the goniometer). In this
position, hand movement toward the body was indicative of
wrist flexion and hand movement away from the body marked
wrist extension. The entire movement consisted of wrist
flexion (approximately 60° ), then extension to neutral
position and approximately 45° beyond that position.

Fipures: D36 a; fast: D37 a,b; slow.
The EMG record for both the flexors and extensors is shown
in D37a and the top graph of D36a. Figure D37b and the
bottom graph of D36a = displacement representing a change in
the wrist angle (peaks indicate maximum flexion; valleys
indicate maximum extension).

Observations:

Since both of these movements were conducted in the
transverse plane, increased wrist extensor activity and
decreased wrist flexor activity were expected with wrist
extension. Decreased wrist extensor activity and increased
wrist flexor activity were expected with wrist flexion.
Movement at both speeds clearly reflected these patterns,
despite the slower sampling rates used (Figures D36a,
D37a,b). (It is possible that the muscles were firing at
frequencies that were adequately detected by the sampling
rates.) Perhaps wrist flexion/extension movements in the
horizontal plane would be better trigger movements for |

forearm pronation/supination.



126

UOTBUS}IXT ISTIM -- apnyyubey Tewubyig Durswsaoaq
UOTXITd IBTIM -- apnyyubey teubys Buyseaxoury
1ay xa38wWOoFUOg

Tauueyp/oag/satdueg 08 :13JLVY ONITIHVS 3I8ed 1033IdS LNIWNIAONW

3NVId "JSYIASNVIL JHL NI NOISNILX3 ? NOIXITd LSIYM *BQf 21ndTjg

9d0 "HAAXIM

.................................................................................

......... \ ..... \l._)Alc ssvm
. ......... . e e cmm— Sssm
.Z...ZW..Z...:Ii.mwQMwm

...... \. ......... . ssmv

........ T 2B 8T

M ......... ...|..ll -NN@]

- *zzc-

..Zm..l...Iw...M\\ill. 22p -

oy ' BBE -

s 10X\l




127

Tauuey)/0as/8atdues Ov  13LVY OINITIHVS AOTS 3Q33dS LNIHIAOK

ANVId HSYAASNVYIL IHL NI NOISNILXI % NOIXITd LSTYM -©.C 2indyg

‘826 -

‘2L

‘aes—

‘aeceE -

‘8T -




‘UOTBUIIXT ISTIM -- apnjytubey teubIS m:ﬁmmmhoma
UOTXATY IBFIMN -- apniyubey teubByg Burswaaxour
1oy I939woFUOY

128

Tauueyy/oass/eatdues OF :3ALVY ONITIHYVS AOTS 1Q33dS LNIHIAOK

ANVId ASYIASNVIL JHL NI NOISNILXI % NOIX3ITd LSI¥M ~qz¢ 9indid

———
-
——
—

“ o
-
-
—f
—

T
T T i e 8 S
.......... .......... - 5 ......... R ..... ,ﬁ ..... ........ |
L /0 O N2 R MUTALND /M TR N

TR TR TR SO TRPTI TN TR SRR TRRT e 4 sore




NAG 5-895 EMG Signals
129

Radioulnar Pronation/Supination

4,0 Anatomical Considerations

Pronation and supination are movements that result from
the rotation of the radius about a fixed ulna (refer to
Figure 11). The effect of pronation is to put the hand in a
palm-down‘position, whereas supination places the hand in a
palm-up position,

The muscles responsible for supination and pronation

are listed>below:

Action Prime Mover Assisted by
Supination Supinator Biceps brachii
Pronation Pronator quadratus

Pronator teres

It is important to note the topographical arrangement of the
Pronator and supinator muscles. Although the pronator teres
is a superficial muscle of the forearm, it lies in proximity
to the flexor muscles responsible for the grip. Obtaining a
clean EMG signal from the pronator teres, distinct from the
flexor group is hampered by this arrangement. The pronator
quadratus is a deep muscle in the distal forearm, and thus
inaccessible for direct EMG recording from surface -
electrodes.

The supinator is also a deep muscle of the forearm

(proximal end). Although the prime mover for supination of
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Figure 11. Pronation and supination of the

forearm. (Adapted from Kinesiology Fundamentals of
Motion Descripition (p. 75) by D. L. Kelley, 1971, New
Jersey: Prentice-Hall.)
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the forearm, it is covered in large part by the extensor
muscle group. Thus the EMG signal from the supinator is
compromised by any concurrent activity from the wrist and
finger extensors., The difficulty of separating flexion and
extension signals from pronation and supination will be

pointed out during discussion of the data.
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4.1 Pronation/Supination Data

4.1.1 Forearm Pronation/Supination Movement About the Long
Axis of the Forearm (flexed to 90°9).

Special conditions: With and without cocontraction;
(Phase I only)

EMG: supinator and pronator teres

Description: The forearm was flexed to create a 90°inter-
segmental angle at the elbow. To facilitate obtaining
position information about pronation and supination, a ruler
was placed in the hand and the LEDs were attached to each
end of the ruler. The vertical displacement of the upper
LED was plotted as indicative of rotation. The subject
started in a fully supinated position, rotated to full pro-
nation and returned to the starting position. " This sequence
was repeated throughout the trial. The EMG signal was
recorded from locations approximating the supinator and the
pronator teres.

Figures: D38 a,b;
Top strip chart (2Y) = displacement representing a change in
rotation angle. Peaks (e.g. 800 mm) indicate a neutral
forearm position. The small valley between peaks represents
the move from a neutral forearm position to maximum pro-
nation. Minimum values (e.g. 600 mm) indicate maximum supi-
nation., Second strip chart (1A) = EMG recording from the
supinator. Third strip chart (2A) = EMG recording from the
pronator teres.

Observations:

In Figure D38a,b the supinator appeared active at full
supination but its activity dropped off quickly as the fore-
arm was pronated. The pronator teres peaked at the extremes
of pronated motion, but showed little activity the first 90°
of rotation. While the pronator showed a peak, the sﬁpi-
nator also showed a small peak in activity (1.4 sec). This
supinator peak may have less to do with activity of the

supinator and reflect flexor activity. At the extremes of
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supination, the supinator showed a strong peak. But like
the pronator, supinator activity was observed mostly at the

extremes of motion.
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4.1.2 Forearn Pronation/qu1nation. Movement About the Long
Axis of the Forearm (flexed to 90°)

Special conditions: With and without cocontraction;
(Phase I only).

EMG: supinator and biceps brachii

Description: The forearm was flexed to create a 90°
intersegmental angle at the elbow. To facilitate obtaining
position information about pronation and supination, a ruler
was placed in the hand and the LEDs were attached to each
end of the ruler. The vertical displacement of the upper
LED was plotted as indicative of rotation. Subject started
in a fully supinated position, rotated to full pronation and
returned to the starting position. This sequence was
repeated throughout the trial. The EMG signal was recorded
from locations approximating the supinator and the belly of
the biceps brachii.

Figures: D39 a,b;
Top strip chart (2Y) = displacement representing a change in

rotation angle. Peaks (e.g. 800 mm) indicate a neutral
forearm position. The small valley between peaks represents
the move from a neutral forearm position to maximum pro-
nation. Minimum values (600 mm) indicate maximum supi-
nation. Second strip chart (lA) = EMG recording from the

supinator. Third strip chart (2A) = EMG recording from the
biceps brachii.

Observations:

The biceps is known to assist in supination due to its
angle of pull on the radius. If the supinator is accurately
marked by the recording electrodes, then supinator and
biceps activity should coincide.

In Figure D39a,b the in-phase relationship between
activation of the supinator and the biceps brachii is shown.
Again, the activation is predominant at the extremes of
motion.

While supinator activity may be accessible to surface
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recording, the problem of contaminating the signal with
finger and wrist flexor activity persists., Also, we see
that biceps activation may be induced not only in the
control of the forearm flexion angle, but also in forearm

rotation.
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Finger Movements

5.0 Anatomical Considerations

Numerous muscles exist within the human hand, providing
great dexterity. Since many of these small muscles lie deep
within the hand, investigation of their functions through
surface electrodes was not feasiable. However, a few of the
hand muscles, such as the adductor pollicus and the abductor
. digiti minimi are more superifical. These muscles and their
corresppnding movements were investigated for two reasons:
it was thought that they may be used to trigger other
movements (See Section 3.1.2); and later during the project
it was discovered that the robot would have the capability
to move each finger.

The adductor pollicus muscle, which spans from the
small bones of the wrist and the third metacarpel to the
first phalanx of the thumb (Figure 12) is the sole muscle
responsible for thumb adduction during low force con-
tractions (Bigland-Ritchie, 1981). This characteristic
makes it a very suitable muscle for investigation. Since
the adductor is a small muscle which lies within close
proximity of the abductor pollicus brevis and the flexor
pollicus brevis, EMG activity from these muscles may also be
detected with surface electrodes. However, if the thumb

remains extended and the movement takes place such that
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gravity is the force initiating thumb abduction, the
activity from these two muscles would be minimized.

The abductor digiti minimi (ADM) originates from the
pisiform bone of the wrist and the flexor carpi ulnaris
tendon, and inserts at the base of the proximal phalanx of
the fifth digit (i.e. the pinky) (Figure 12). The ADM is
not the only abductor of the pinky, but the other abductors
(i.e. the interossei dorsales and opponens digiti minimi)
are deeper muscles. Since the flexor digiti minimi brevis
lies witﬁin cloée proximityvto the ADM,ran inveééigation
with surface electrodes may also detect pinky flexion.
However, as mentioned for thumb movement, if the pinky
remains extended during an abduction task, EMG activity from

the flexor muscle would be minimized.
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5.1 Finger Movement Data

5.1.1 Thumb Adduction/Abduction

Special conditions: With and without cocontraction
(Phase II only)

EMG: adductor pollicus

Description: Initial position; subject seated with
forearm fully supinated and flexed to create a 90° inter-
segmental angle at the elbow; thumb held fully extended and
abducted. The movement included the full ROM (maximum thumb
adduction (i.e. without thumb flexion), then maximum thumb
abduction). The thumb remained extended throughout the
entire ROM.

Figures: D40 a; no cocontraction; D4l a;
cocontraction. The EMG record for the adductor gplllcus is
shown in both D40a and D4la. Unfortunately measurement of
thumdb dis- placement was not possible given the nature of
the movement and the size of the joint compared to the size
of the goniometer.

Observations:

There appeared to be a on/off pattern to the adductor
pollicus activity during both tasks (Figures D40a, D41la).
During the data collection process it was observed that the
rise and peak in adductor pollicus activity was coincident
with thumb adduction and the fall in activity with thumb
abduction. This EMG activity seemed fairly distinctive,
however thumb adduction without thumb flexion is not a
natural movement, but one which takes some concentration and
practice. Thus thumb adduction/abduction may have potentisl

for controlling a robot, but needs further investigation.
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5.1.2 Pinky Abduction/Adduction; Transverse Plane; Phase 1I
Unly -

EMG: abductor digiti minimi

Description: Initial position; subject seated with
forearm fully pronated and flexed to create a 90° inter-
segmental angle at the elbow; pinky held fully extended and
adducted, in contact with the fourth digit. The movement
included the full ROM (maximum pinky abduction, then pinky
adduction to a point where it contacted the fourth digit).
The pinky remained extended throughout the entire ROM.

Figure: D42 a;

The EMG record for the abductor digiti minimi is shown in
D42a. Unfortunately measurement of pinky displacement was
not possible given the nature of the movement and the size
of the joint compared to the size of the goniometer.

Observations:

As with the thumb adduction/abduction task, there
appeared to be an on/off EMG activity pattern for the
abductor digiti minimi (Figure D42a). During the data
collection process it was observed that the rise and peak in
activity coincided with pinky abduction and the fall in
activity with pinky adduction. This movement may be more
practical for controlling a robot, as it is not as difficult

as thumb adduction without thumb flexion.
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Reaching Movements

6.0 Anatomical Considerations

Since a two degree-~of-freedom reaching movement
performed in the sagittal plane involves flexion and
extension of the shoulder and elbow joints, many of the
anatomical considerations have been discussed in previous
sections. However the action of two-joint muscles, those
which cross two joints and have important functions at both,
(Basmajian, 1979) needs particular mention. Working alone
these muscles can not function as a one-joint muscle because
they pull directly from one end to the other with all parts
of the muscle contracting (Basmajian, 1979).

The two-joint muscles directly involved in the reaching
task are the biceps brachii and the triceps brachii. The
biceps brachii, which crosses the glenohumeral and elbow
joints, may function as an agonist in elbow or shoulder
flexion, but is strongest as an elbow flexor. Maximal bicep
activity may be expected in.a countercurrent movement
(Basmajian, 1979) (i.e. shoulder flexion and elbow flexion).
However in a concurrent movement such as elbow extension and
shoulder flexion, little if any bicep activity may be
expected providing gravity is not the force responsible for
elbow extension. In order for elbow extension to occur
without the force of gravity acting, the biceps must relax,

thus ‘it can not provide shoulder flexion.
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The triceps brachii also crosses the glenohumeral and
elbow joints, and may function as an agonist in shoulder
extension or elbow extension against resistance but is
strongest as an elbow extensor. Similar to the biceps,
maximal triceps activity would be expected in a counter-
current movement such as shoulder and elbow extension
against resistance. Likewise little triceps activity would
be expected in a concurrent movement such as shoulder
extension and elbow flexion.

Since these data were collected on a éaéittal pléﬁe
reaching motion in a gravitational environment, the
aforementioned activation patterns may not have been
evident. However in transverse plane reaching tasks or a
nbngravitational environment the activation patterns of two-
joint muscles should be apparent and would need to be

considered for robot control.
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6.1 Reaching Movement Data

6.1.1 Reaching (Forearm Flexion, then Shoulder Flexion);
Sagittal Plane ; :

Special conditions: Slow and moderate speeds

Phase I EMG: biceps brachii and anterior deltoid.
Phase 11 EMG: biceps brachii, triceps brachii, anterior
deltoid, and posterior deltoid.

Phase I description: Initial position; subject seated,
right arm hanging relaxed at the side. Right side was
facing the cameras. LEDs marked the wrist, elbow and
shoulder. The subject was asked to perform a reaching
motion in which forearm flexion preceeded shoulder flexion.
The midpoint of the movement was when the arm was fully
extended at shoulder level. From this midpoint, the move-
ment was characterized by simultaneous extension of the
humerus and flexion of the forearm until the humerus was
approximately in line with the trunk. Then, the forearm was
extended until the arm was fully extended along the side of
the body.

Phase II description: Initial position; subject
standing in FSP, right arm relaxed at the side. The subject
was asked to perform the reaching motion, similar to that of
Phase I: elbow flexion to approximately 90°, followed by
simultaneous shoulder flexion and elbow extension. The
midpoint of the movement was the same as Phase I: a fully
extended arm held at shoulder level. From this position the
movement was completed just as it was in Phase I,

Phase 1 figures: D43 a; D44 a; D45 a; position-time
data with EMG: D43 b; D44 b; D45 b; stick-figures of
reaching. Top strip chart (1Y) = displacement representing
a change in vertical position of the wrist. Peaks (e.g.
1000 mm) occur when the wrist is at shoulder level. Minimum
values (e.g. 450 mm) occur when the arm is suspended at the
side of the body. Second strip chart (1A) = EMG recording
from the biceps brachii. The biceps was monitored as the
prime forearm flexor. Third strip chart (2Y) = displacement
data representing a change in the vertical position of the
elbow. Maximum values (e.g. 960 mm) occur when the upper
arm has been raised to shoulder level in the sagittal plane.
Minimum values correspond to an upper arm position parallel
to the trunk. Fourth strip chart (2A) = EMG recording from
the anterior deltoid. The anterior deltoid was monitored as
the prime mover in humeral flexion,

Phase 11 figures: D46 e,b,c,d,e,f,g; D47 a,b,c,d,e,f.
EMG activity for the biceps and triceps is displayed in the
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top graphs of D46a,b and D47a,b. The bottom graphs of Di4ba
and D47a display displacement representing a change in the
angle at the elbow (peaks indicate maximum flexion; valleys
indicate maximum extension). The bottom graphs of D46b and
-D47b display anterior and posterior deltoid activity. The
top graphs of D46c,d and D47c display EMG activity from the
biceps and anterior deltoid. The bottom graphs display
triceps, posterior deltoid, and triceps and posterior
deltoid activity respectively. Figures D46e and D&7d
display posterior deltoid activity in the top graph and
anterior deltoid activity in the bottom graph. Raw EMG data
is displayed in the top graphs of D46f and D47e, for the
biceps, and in D46g and D47f for the triceps. The cor-
responding processed EMG signal is displayed in the bottom
graphs for each of the aforementioned figures.

Observations:

7 APhase 1 Biceps-aégivity: As seen in Figure D43a,
biceps activity rose with the increasing magnitude of
forearm flexion. From approximately .6 to 1.8 seconds
biceps activity held a relative plateau, then declined. The
biceps activation pattern suggested that a flexion angle was
maintained at the elbow during the .6 to 1.8 secoﬁd period.
However, this was not the case. When the elbow rose to
shoulder level, indicated by the peak in 2Y at 1.2 seconds,
the forearm was in an extended position and the wrist,
elbow, and shoulder were colinear. With no flexion at the
elbow one might expect that there would be no EMG activity
from the biceps. As can be seen across reaching trials,
this was not the case. Thus the peak plateau in biceﬁs EMG
activity did not correlate well with the forearm
flexion/extension pattern evidenced in single joint

movements. The fact that the biceps displayed & high
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activation level while the forearm was extended at the
midpoint of the reach, pointed out the bi-articular nature
" of the biceps. This high-level activation may have had more
to do with shoulder activity than elbow activity.

Anterior deltoid (2Y) activity corresponded well to the
flexion/extension pattern at the shoulder. Peak deltoid
activity occured just prior to maximum shoulder flexion, and
declined with a slope similar to the slope of the displace-
ment curve. As shown with single-segment tasks (shoulder
flexion only) the EMG activity of the anterior deltoid
corresponded well with the position-time data.

Phase II: The activity pattern of the biceps was very
similar to that displayed in Phase I; peak activity was
reached during initial forearm flexion, and the activity
remained elevated throughout the rest of the reaching task
which included forearm extension at the elbow. Bicep
activity did not return to a baseline level until the
movement was completed and the arm was fully extended at the
side (Figures D46a, D47a). These results provide further
evidence for the bi-articular nature of the biceps.

There was a gradual rise in tricep activity (Figures
D46a, D47a) which peaked prior to maximum extension at the
elbow, when the entire arm was fully extended with an
approximate 90° angle of shoulder flexion. (Note. There.

were no records of changes in the shoulder angle for these
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trails.) Since the triceps is a two-joint muscle functional
in forearm and shoulder extension against resistance, this
peak may have been related to either shoulder or forearm
action. However, since eccentric activity of the biceps
would control forearm extension in the sagittal plane, this
peak was probably related to the effort to slow shoulder
flexion as the humerus reached its reversal point.

Raw EMG data for both the biceps (Figures D46f, D47e)
and triceps (Figures D46g, D47f) appeared noisey. Thus the
processed data, displayed in the bottom graphs of the same
figures, may not have provided the true muscle signal if the
noise evident in the raw data were included. These data
showed the importance of a clean signal. A robot driven by
this raw data would not produce very accurate limb
movements.

Anterior deltoid activity rose to a single peak, which
occured after the peak in biceps activity (Figures D46b,c,d,
D47b,c). Since humeral displacement was not recorded, it
vas estimated from the displacement graph of the elbow that
as in Phase I, anterior deltoid activity correlated well
with shoulder flexion/extension. EMG activity from the
poéterior deltoid, a shoulder extensor, also was monitered.
However, the large spikes evident in Figures D46d,e and D47d
indicated artifact. Thus posterior deltoid activity

analysis was conducted with caution. The data may have
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indicated that the posterior deltoid activity was initiated
by a stretch during shoulder flexion, and/or functigned-
during shoulder extension to pull the humerus behind the

trunk, as viewed from the sagittal plane.
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6.1.2 Reaching (Forearm Flexion then Shoulder Flexion);
Sagittal Plane ’

Special conditions: With and without cocontraction
(Phase I only)

EMG: biceps brachii and triceps brachii

Description: Initial position; subject seated, right
arm hanging relaxed at the side. Right side was facing the
cameras. LEDs marked the wrist, elbow and shoulder. The
subject was asked to perform a reaching motion in which
forearm flexion preceeded shoulder flexion. The midpoint of
the movement was when the arm was fully extended at shoulder
level. From this midpoint, the movement was characterized
by simultaneous extension of the humerus and flexion of the
forearm until the humerus was approximately in line with the

~trunk. Then, the forearm was extended until the arm was

fully extended along the side of the body.

Figures: D48 a,b,c; D49 a,b; D50 a,b,c;
Top strip chart (3Y) = displacement representing a change in
vertical position of the wrist. Peaks (e.g. 70 mm) occur
when the wrist is at shoulder level. Minimum values (e.g.
20 mm) occur when the humerus is in line with the body and
the forearm is at a 90° angle with respect to the humerus.
Second strip chart (2Y) = displacement data representing a
change in the vertical position of the elbow. Maximum
values (e.g. 55 mm) occur when the upper arm has been raised
to shoulder level in the sagittal plane. Minimum values
(20mm) occur when the longitudinal axis of the humerus is
parallel to the longitudinal axis of the trunk. Third
strip chart (1lA) = EMG recording from the biceps brachii,
The biceps was monitored as the prime forearm flexor.
Fourth strip chart (2A) = EMG recording from the triceps
brachii. The triceps was monitored to determine its role in
control of the extension phase and its level of activation
during shoulder flexion.

Observations:

Without cocontraction, biceps activation seemed
sﬁbstantially reduced when c&mpared with previous trials
(Figures D43, D44, D45). Peak activation in the biceps now
occurred during the recovery phase; that is, while the

humerus was being returned to the side. This late biceps
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peak may have been related to controlling the tendency for
gravity and inertia of the forearm to cause extension at the
elbow. Although this late biceps peak was consistent in its
bhase Telationship with the movement, this was clearly a
much different pattern than that observed on other trials
with other subjects. These kinds of intersubject differ-
ences point to potential difficulties in the design of an
algorithm intended to merge the influences of multiple
muscles in movement control and maintain its applicability
“;croéérgﬁitiplé sugject;. . R . -

The triceps was not the agonist in shoulder extension
since gravity was operating and thgre was no resistance. So
the shoulder flexors controlled extension eccentrically.

" The triceps peak observed in these trials coincided with
maximum shoulder flexion and may pertain more to counter-
torque slowing fléxion, than to any attempt at extension
control. This peak may also have been a function of an
activation induced by stretch.

When the reaching action was performed under conditions
of tension (intentional cocontraction) activation levels
were generally increased, and biceps activity was evident
much earlier in the action. As seen in Figure DASa,B,c the
biceps was active in the early stages of shoulder flexion.
This pattern more closely approximated that seen in earlier

trials. However, the "cost" in variability was high. Note
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for example the variations in the triceps pattern across
Figures D50a,b,c. While it may have been useful to "set"
the muscles to something other than the minimum level of
activation when working without resistance, control of the
tension level was quite variable and not conducive to a

consistent control signal. .
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6.1.3 Reachinp (Forearm Flexion then Shoulder Flexion);
Sagittal Plane '

Special conditions: With and without co-contraction
(Phase I only)

EMG: anterior deltoid and latissimus dorsi

Description: Inital position; subject seated, right
arm hanging relaxed at the side. Right side was facing the
cameras. LEDs marked the wrist, elbow and shoulder. he
subject was asked to perform a reaching motion initiated
from a flexed forearm position, humerus aligned with the
trunk. The midpoint of the movement was when the arm was
extended at shoulder level. From this midpoint, the
movement was characterized by simultaneous extension of the
humerus and flexion of the forearm until the humerus was
‘approximately 'in line with the trunk. =~ -~ -~ = C

Figures: D51 a,b; D52 a,b,c;
Top strip chart (3Y) = displacement representing a change in
vertical displacement of the wrist. Peaks (e.g. 60 mm)
occur when the wrist is at shoulder level. Minimum values
(e.g. 20 mm) occur when the humerus is in line with the body
and the forearm is at a 90° angle with respect to the
humerus. Second strip chart (2Y) = displacement data
representing a change in the vertical position of the elbow.
Maximum values (e.g. 55 mm) occur when the upper arm has
been raised to shoulder level in the sagittal plane.
Minimum values (20mm) occur when the longitudinal axis of
the humerus is parallel to the longitudinal axis of the
trunk. Third strip chart (1A) = EMG recording from the
anterior deltoid. The anterior deltoid was monitored as a
prime mover in shoulder flexion. Fourth strip chart (24) =
EMG recording from the latissimus dorsi. The latissimus
dorsis was monitored to determine its role in control of the
extension phase and its level of activation during shoulder
flexion.

Observations:

The anterior deltoid (1A) exhibited a good phasé
relationship with the flexion/extension pattern of  the
shoulder. This was expected as the anterior deltoid was
shown in single-segment tasks to correlate well with

shoulder flexion. The latissimus dorsi, on the other hand,
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is a shoulder extensor under conditions of resistance. .
Again, when assisted by gravity, shoulder extension was
controlled by the eccentric contraction of the agonist, or
anterior deltoid. Under these no-resistance conditions, it
was hard to envision the latissimus dorsi having a control-
ling influence on shoulder extension. The peak latissimus
dorsi activity occured at the peak of shoulder flexion.
This activity most likely related to movement artifact or
passive's;retch.

Under conditions of cocontraction teﬂsion 1evéls
increased, and once again there was increased variability.
Note the changes in EMG patterns across trials D52a,b,c. We
experimented with cocontraction trials to see if a reason-
able control signal could be evoked from superifical muscles
that were perhaps not prime movers, unless under conditions
of resistance. While signal strength was increased under
these circumstances, the variability in signal pattern also
increased substantially. This variability eliminated
cocontraction as a functional strategy in finding a reliable

control signal for 1imb positioning.
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Figure D52, Elbow flexion then shoulder flexion reaching
movement in the sagittal plane.
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6.1.4 Normal Reaching Movement; Sagittal Plane

)§pecia1 conditions: Slow and moderate speeds (Phase II
only :

EMG: biceps brachii, triceps brachii, anterior deltoid
and posterior deltoid.

Description: Initial position; subject in FSP, right
arm hanging relaxed at the side. Subject was asked to per-
form a normal reaching motion; simultaneous forearm flexion,
shoulder flexion, and forearm extension to reach the mid-
point of the movement where the arm was fully extended and
at an approximate 90° angle with the trunk, as viewed from
the sagittal plane; the movement continued with simultaneous
forearm flexion, shoulder extension and forearm extension to

return to FSP.

Figures: D53 a,b; D54 a,b; D55 a,b,c,d,e; D56
a,b,c,d,e. EMG records from the biceps and anterior deltoid
are displyed in the top graphs of DS%a,b, D5%4a,b, D55b, and
D56b. Displacement representing a change in angle is dis-
played in the bottom graphs of D53a and D54a, for the
shoulder, and in D55a and D56a for the elbow (peaks indicate
maximum flexion; valleys indicate maximum extension). EMG
records from the biceps and triceps are displayed in the
bottom graphs of D53b, and D54b, and in the top graphs of
D55a,c and D56a,c. EMG records from the triceps and
posterior deltoid are displayed in the bottom graphs of D55b
and D56b. EMG records from the anterior deltoid and

osterior deltoid are displayed in the bottom graphs of D55c
and D56c. Raw EMG data is displayed in the top graphs of
D55d, and D56d, for the biceps, and in D55e and D56e for the
triceps. The corresponding processed EMG signal is dis-
pIayes in the bottom graphs of each of the aforementioned
figures.

Observations:

This normal reaching motion had some similarities to
that conducted in section 6.1.1, however, there also were
some differences. Bicep activity peaked during the. first

forearm flexion (i.e. prior to the midpoint of the movement)
then gradually tapered off in the slow movement trials

(Figures D55a, D56a), but displayed a double peak in the
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moderate speed movement trials (Figure D53a, D54a). This
second peak was probably related to forearm flexion that
took place after the midpoint of the movement, during
shoulder extension (Figures D53a, D54a). Tricep activity
again displayed a slight rise (Figures D53b, D54b, D55a,
D56a), which may have been used to decrease the speed of
shoulder flexion, or perhaps hyperextend the elbow joint

(more evident in Figures D55a, D56a, as peak triceps

‘activity occured at maximal elbow extension). As in section

6.1.1 (Phase II) the raw data for both the biceps and
triceps did not correspond well with the processed signal
(Figures D55d,e, D56d,e). These results clarify the
importance of obtaining a clean signal.

Anterior deltoid activity correlated well with shoulder
flexion as expected (Figures D53a, D54a). Once again it was
evident that elevated bicep activity may have been related
to shoulder flexion. Posterior deltoid activity displayed a
very different pattern from that displayed in Phase II of
section 6.2.1 (Figures D55b,c, D56b,c). This activity,
which was very distinct and almost completely out of phase
with the anterior deltoid -activity, may reflect the effort

to decrease the speed of shoulder flexion.
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SECTION VI: SUMMARY

The specific goals of fhis project were to establish
the "goodness" of the human myoelectric signal for use as a
control signal, and to determine a mathematical relationship
between the human myoelectric signal and the corresponding
limb displacement for a variety of conditions in a one-
degree-of-freedom movement. The investigation was seen as a
two phase process. In the project reported here we
completed the first of these phases.

The first phase examined previously established
EMG/force relationships for isometric and constant velocity
musclg contractions. Data collection was supposed to focus
upon a simple one-degree-of-freedom movement (i.e. elbow
flexion/extension). Collected data were to be processed and
analyzed with emphasis on assessment of the quality of the
EMG signal as a potential control signal. However, the
first phase investigated numerous tasks ranging from a
simple elbow flexion/extension task to 8 more complex
reaching task. These data were qualitatively analyzed and
assessed in reference to use as potential control signals.

Collectively the data from the elbow flexion/extension
tasks, conducted in both the sagittal and transverse blanes
under a variety of conditions, showed the expected bhase
relationships. Agonist muscles (i.e. elbow flexors) sthed

a lot of activity during sagittal plane elbow flexion, and
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little activity during elbow extension as gravity acted to
return the forearm to its original position. Antagonisf
muscles (i.e. elbow extensors) showed little if any'activity
during sagittal plane elbow flexion/extension. In the
transverse plane elbow flexion/extension task, which lacked
the influence of gravity, the flexors were active during
elbow flexion and the extensors during elbow extension.
However, there were large variations within the data of one
subject and the problem of 'load sharing' among muscles
seeﬁedﬂgpparehflA in éddifion, th;mimporfa;;e ofréggpiing
rate and its effect upon the deta became evident. Thus, the
elbow flexion/extension data appeared to be.adequate for a
potential control signal in some but not all cases.

Shoulder movement data was collected across a variety
of conditions for all 3 degrees-of-freedom at the gleno-
humeral joint: (1) flexion/extension; (2) abduction and
adduction; and (3) internal/external rotation. In isolated
flexion/extension and abduction/adduction tasks in the
sagittal and frontal planes respectively, the agonist and
antagonist muscle activity demonstrated good phasic
relationships and corresponded to the movements. Unfor-
tunately neither of these tasks were performed in the’
transverse plane, so unlike a nongravitational enviroﬁment,

the effect of gravity was evident. However, at least under

the conditions tested, these two degrees of freedom appeared
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to have potential for control signals., The internal and
external rotation task data did not demonstrate a clea;
distinction between muscles defined as internal and externél
rotators. Thus myoelectric signals from this degree of
freedom may not be attainable for the purposes of control.
Similarly data from the pronation/supination task did
not show a clear distinction between the pronator and the
supinators, except at the extremes of the range of motion.
So EMG data from this movement would not be attainable fdr
coﬁtrol. # | - |
Data from the forearm flexor and extensor groups
demonstrated good phasic relationships with éach of the cor-
responding movements: grasping and wrist flexion/extension.
However, these movements were isolated, and the muscles are
all within close proximity of each other. Thus if these
movements were combined with each other or other hand and
forearm movements, the distinction evident in isolated tasks
may be lost. Thus precise control would be lost. However,
use of these movements in isolation may provide 'trigger
tasks' (i.e. a specific isolated movement used to trigger a
different movement).
Thumb and 'pinky' movements were investigated as
potential trigger movements. EMG data from both of these
movements appeared to correspond well with the observed-;

movement. Thus for movements which did not provide
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differentiation between agonist and antagonist EMG signals,
there were potential trigger movements, |

The most complex movement investigated was s t;o-
degrée—of—freedom reaching task performed in the sagittal
plane. For each subject, the EMG data appeared to
correspond well with the aisplacement data. However, the
action of two-joint muscles became evident. For example the
biceps was activated for both elbow and shoulder flexion.

If a two-joint muscle signal were to be used for a control
sighal, there were need to be some means of determining
which movement is elicited by activation of that muscle.
Also, comparison of the reaching movement data across
subjects showed few similarities. .Perhaps the problems
associated with control of a one-degree of-freedom robot
from EMG signals need to be dealt with before control of a
more complex movement is undertaken.

In summary the first phase of this project established
that myoelectric signals from simpler movements, under some
conditions, have potential for control signals. Myoelectric
signals from movements conducted by agonists and antagonists
which are far from the surface, or in close proximity have
little potential for control signals (i.e. with surface
electrodes). In addition, it would be easier to establish
control signals from muscles which have only one function or

those which span only one joint as opposed to muscles which
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have multiple functions and span multiple joints.

Future research is necessary to analyze these data
quantitatively. The results of these analyses will lead to
the second phase in exploration of the efficacy of using the
human myoelectric signal as a control signal for a robot:
determination of a relationship between the myoelectric

signal and limb displacement.
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SELSPOT Data Collection - Cover Sheet

Investigator:

205

Study: JIBE - Elbow Freqien [ Shontdes
Date: —_ ———
Reference File: Disk: ____
Calibration File: ____ - Disk: ____
Subject Data:
Name: phone
Age Height Weight __
Segments Lengths: Forearm ______ Thigh ___
Upper Arm ______ Shank __________
Trunk __ Foot ________
Other: _—
LED Setup Body Diagram
1. _WRST |
2. AR 2 shudde
3. _stouxeR
4, . ——
5.
6. e _ 5
7.
8. |
Analog: .
EMe . BieYs
PNTeR0( DeLTD (D
SSS Form #3

4/87




Calibration Data

Calibration File: fNeweal, SI%

Creation Date: __s/(1%4/4%

Reference File: ANeareS SIS

Creation Date:

—————————— — ——— ——— ———————

‘C3.VI: Field of View X
Camt  ______
Cam2  ______
No. of Frames used in calibration:
L Cami
Average Distance: Cami 295
Camera Set—up: radius Caml  ______
angle,6
tilt ‘Caml

height Caml

—— . — - — —— i ——— o — - ——— — R —————— T — T — " ——— — - — — o f— - ST " . T G ot S o e oot S e e e

Diagram:

File Titles:

Comments: ‘f{ Sc&pf %/

6S8S: Form #1
/87
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Reference Creation

Reference File: j\/eu.i_g_?ff. Sis Disk: __‘_?___
Creation Date: __5/1v /4% ___

Investigator: ff@”izm-jzféné;

Study: TNASA ;

Reference Description:

LED Coordinates (in mm) Detected Light Level Aperature

# X Y Z Caml Cam2
1 _0 S1% 9 L Camil
2 _0___loza Q ' Cam2 _
-3 ;igi, S L 0
4 S9tr_1o5a____0O
S 0 14 SHY
6 O 1052 _ 5%7
7 1% __513___s5%%
8 S9% 105 g%
Analog:
Ch. Units Offset Scale Factor Description
1 MY - .95
2
3
4 —_ -
S
6 —————— - — -
7
8 -_ - _— -

Reference Diagram: {mark and number LED locations)

Reference plane:
front_______
back _______ ]
2
L/
~ 2 ~
g E———
»—____:iﬁé

For hanging reference: Front track_
Back track _

SSS Form #1
4/87




Investigator: Neu) fLCS:

SELSPOT Data Collection - Trials Records

7//\)(\»(‘/', S

Date: _EZQZQ@%Z

4/87

Study:
TRIAL FILES PNt Freaem i Nedeo] Bshi COMMENTS
Garn A=‘Bi¢¢19 = 16
v $$0093 _ .raw DpIsk |2 Bz M ¢ .
560093 .POS DISK _137<*'¢ Lo Flegim. Az Bitep Bt - Sl
.POF DISK
s 550075 RAW DISK |} _¢llew Flegion " v ez
550094 __.pos Dpisk _\?7
‘ .POF DISK
Y 550095 paw Dpisk %_ T3 1Ly Flegipn Az Bicy B el
$90095  .pos DpIsk | ~ ' Sl
| .POF DISK
M | 4559035 _.Raw DpIsk |%_ Gnn A2 10 Grin B3
$500% ___.pos pisk A T FY Shole Hele Abeq b0t Sl
.POF DISK
b 450079 RaW pisk 1§ Tefs élmu,-\, Fley " " Slow
45009+ _.pos pisk 1§
.POF DISK
b 45009Y .raw pisk 1§ TK¥( ﬁw«x@*ﬂ/ﬁm;# 4low
50099 .pos bpisk |
.POF DISK
| CrmA*FE B - §
v 540090 raw DisK 19 ¥ eliee Flagien - Fad
$50099___.pos bpisk _1f ,
.POF DISK
V<6 $4$0100 .raw pisk _|{ 1Y elbow Flegor ‘Es+ ;
550100 .ros bpisk _|1 s
.POF DISK
|
SSS Form #4 i
§



SELSPOT Data Collection - Trials Records

Investigator: Date: :i[iijéﬁt
Study: K
TRIAL FILES Gain COMMENTS
g
9 350101 _.raw pisk 1T *9 Elfew Fleyioe A= By
— 4¢0t0l . .pos pisk 19 Rzpelt ___ East
.POF DISK

| G Aslo B2T . .
(9 $90102 _.raw pisk 20 AR 10 Sfuoddn Fleg o
| st

940103 __.POS DISK 20_ Aol T< 2
.POF DISK
ol 55010%  raw pisk 20 TR¥|  Shoelle Floyiom
550]10% .pos pisk 20 A‘-&iu% B-elt __Fasth
___POF DISK Do bly tpt Ll Low

7 ‘350L04 raW pisk 20 TH2 Shodle, Hoxom  Fad
$45p10% _.pos DIsk 22
.POF DISK

| Gan bz B#2
A3 $%50105  raw pisk 2] THFI% €l Flex - Shedd Fley
ss0/045 .pos pisk &l

.POF DISK

oYL $S210L raw pisk ran :ﬁ_{L‘ﬁ__f:ﬂbg_ﬂu;g_&Jj& f’//‘ﬁl
$50106 _ .pos pisk A _A=16_B2Z
.POF DISK

15 550169 .ra pIsk 22 TS Ellen Flag - Ghadls Flert
550103  .pos DISK 22 A0 B=7
.POF DISK

v 6 4350106 _.raw pisk 22 TRF (L Ellon Flay 5[ e Fleo
| $50 (0% __.Pos DISK RR_ _Closd it Mhbued Netin
.POF DISK j

SSS Form #4
4/87 -
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rvwvyY

GO~ /Ud/&é\/

K77 777

NASA DATA 210
1/
013
SUBJECT: K"uﬁ 5(;,' Lﬁ DATE %
INVESTIGATOR(S) : 4,\4‘,0&1 ¥ UM-Z%’«

MOVEMENT: / MOVEMENT DIAGRAM:
a) Initial position: s/ ”‘fiif/{}/"f\// ﬁf/#’ P F/%;,ﬁ
b) Direction of 1st moveme Flesion o
c) Definition of 1 repetition: F/%ﬁaf
% !.h.'}. M:;"J'
. ELFE Y2 TAT -
[DATA FILE NAME:_ f €43 THA/ st (e ”>
MYOLAB 1 MUSCLE GRP GAIN SCRN CH FSv BL
CH A )Z,I/C/ / 35"/% -"({-?é
_CHB . ; s
' Dree : 20501 - ]
MYOLAB II - - = - - - - - - o - o 2 - - - - /-’?- - - - - 75/
CH A Karw ’?i\uf (A I,?o%/
CH B
GONIOMETER DOF MEASURED SCRN CH FSv BL
ITL: B, | / > /.?042{// 977
JT2:

SAMPLING RATE: ;2900 sam les/sec MOVEMENT SPEED: MED SLOW
Yoo FUL Cin .

NUMBER OF REPETITIONS/SET:

—
NUMBER OF SETS: 2

INITIALIZED DATA FILE sizE: Y2760 0

COLLECTED DATA FILE SIZE: =

ADDITIONAL COMMENTS:

o Feids bl A
Oﬁwm Lo W?‘”’/

Comni . JFF’/ //éz?t 5
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NASA DATA

V4
: %0
SUBJECT:ﬁ«$S€M PATE 7/ /ﬁ
INVESTIGATOR(S) : %«ﬂ/l/t«/é; /d/azéc

MOVEMENT?(ZZJ’ Mocenel - €/bons Flew s Exf MOVEMENT DIAGRAM:

a) Initial position: gt
b) Direction of 1st movement: Flex
c) Definition of 1 repetition:

Flex -664 777777

pata FILE NavE: Quik flec . dst. 7

MYOLAB I MUSCLE GRP GAIN SCRN CH "FSV BL
CH A

" CH B ‘B.’ca(z ' ) 4. L I.«?o%/; 638

MYOLAB II = = = = = = = = = = = = =~ = = = = = = = = = = = -
CHA L Taiep oo 4z 13%[1 _hY62
CH B

GONIOMETER DOF MEASURED SCRN CH ESV BL
JT1: £LBow FLEX/BEXTERNSIGN 3 [-F0% /i e
JT2:

- ar wm e em e em Em e e e em wr e e em e e e e e e e = -

[SAMPLINO' RATE : 2_0_2.0_ ] e [NW“BER OF INPUT CHANNELS ACTIVATED _é._] =3

AMPLING RATE: 333  samples/sec MOVEMENT SPEED MED SLOW
perohannclg

NUMBER OF REPETITIONS/SET:___é______

NUMBER OF SETS:_ 2

INITIALIZED DATA FILE SIZE: Lol sod

COLLECTED DATA FILE SIZE: 39623

ADDITIONAL COMMENTS:
# HOLD i FLEXED eas\'hm- Mdmw (1 EXTENDED Posv(go;\
omd oD, ehe. .

of



SELSPOT Data Collection - Cover Sheet

Investigator: _

Study:

NP - Horizorsr. _Fred/oxt

Reference File:

Calibration File:

Disk:

Disk:

Subject Data:

Name: phone
Age _ Height _____ Weight __
Segments Lengths:  Forearm ______ Thigh _______
Upper Arm _____ Shank ____
Trunk _____ Foot _______
Other:

LED Setup

— 00 ~ O N b W N -
. e

>
=]
[

og:
] TRICePS

- Kieeps

SSS Fornm #3
4/87

Body Diagram

212
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ot Calibration Data

Calibration File: _. _:t_v_VL-_é_Zj ______________ Disk:ﬁ"ﬁii
Creation Date: ____________ _____ . (/
Reference File: _Homed , 29 DiSkféfﬁﬁ-;
Creation Date: ______J\N L
Investigator: __ _ . ____._ . _ o _____ Study: ___ o __
PROMS: Analog? __ _ _ _ _ o ___
AIM ALt
C3.VI: Field of View X Y
Caml _QQL__ _fﬁt__
CamZ2 23___ Yo __
No. of Frames used in calibration:
Cami _1eo _ Cam2 T80
Average Distance: Caml _£.23¢ Cam2 383
Camera Set—-up: radius Caml  ______ Cam2  __ ____
angle,e  ____ -
tilt Camt ______ Cam2  ______
height Camt  ______ CamZ2 ——— e
Diagram;

File Titles:

Comments:

85S5: Form #1
3I/87
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Reference Creatfion

Reference File: ____éé@éﬂp l;jﬁ;? Disk: /M%% y‘
Creation Date: Jf#

7

Investigator:
Study:

Reference Description:

LED Coordinates (in mm) Detected Light Level Aperature
# X Y Z Caml Cam?2
1 _0 &5 o Caml _L_
2 0 13% o Cam2 _| _
3 93X 7% <
4 $3:%___13% )
5 0 g _2vy
6 $3%_ 128 _2YY
8
Analog:
Ch. Units Offset Scale Factor Description

MmJ/ -.9¢

XNOUNDWN -

Reference Diagram: (mark and number LED locations)

Reference plane:
front

———— —— ——

For hanging reference: Front track
Back track

SSS Form #1
4/87



¢ A
. / :
/ ORIGINAL PAGE IS page __71__ of _3_7 215
" OF POOR QUALITY,
)%»_5—";> o ~ SELSPOT Data Collection - Trials Records
Investigator: m 1&44&( - Date: 4/17/_‘2_
Study:uésﬂ-umbu?cgégkflftx~!jiﬂk”éi
TRIAL FILES COMMENTS
| ° l $50290 __RAW DISK Mssd _Hon fLex/rxt Lc
; 0{ JL I N S50R00D__.POS DISK 4250 o A= 3.5 R= Y. X5 £ il
./ A o, .
A e x .POF DISK OX — _AzTwe B2l [0
s
R 2 S%20 [ __.RAW DISK yespy N Liwyie vt LC
T ffmo <Lezo/ T .pos DISK |
SR ) .POF DISK
J o ‘7]0 D S503203 _ .RAW DISK pp gt {lsg/s o T}.;L;i?fi{
<l 1 frr) £30202F.pos DpIsk ' /c
”’} 3 7 POF DISK
r'i c\]L f-','o’ 4 SSO0REC >3 _.RAW DISK Lnsp5 " fjg%!l:‘ £t ot
%Q A ‘00 550303 __.POS DISK NiAS. ,
v AL .POF DISK <
4 90° S5  S%503Dp4 _ .RAW DISK pusd(___ M CO~CONTE pdibu L
z;;,\ c~ \EN &jﬁOQO‘I .POS DISK pishH [/njg,‘_&ﬁ__ LC
r/J .POF DISK . w JrieDeo bl T /J
N _b 550805 .RAW DISK UPsAL__\ Lipy]e vt e
/ d //9 oy (s> 250A0S5  .POS DISK gAsAt | ‘éc‘
Tt € .POF DISK
TMIAQ’ .‘~’)(/l'/a-""
vel oA 110 : T e
7 1L 6y \@ S50RX 0 & _.RAW DISK WNA7__ N (O-roTRBCiON g
g “'g PV 52030 & _.Pos DIsk ____(pd puc B Bdiidy /e
. .POF DISK \
e i /‘u\,xd/'/ __.QM\

Q
. 550520 7__.POS DISK (prpged-ovt o) ‘P)';m-;;’a} Jc
; .POF DISK f

SSS Form #4
4/87
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page _cA_ of _3_
ORIGINAL PAGE 18 SELSPOT Data Collection - Trials Records
OF POOR QUALITY
Investigator: _C I KE /et Date: __1117,_/_8_7
Study: /_ .
TRIAL FILES . COMMENTS
) o G 9 550308 .raw DISK U3 h Lo-cophriFcd i)
i _rJ'?;".I;‘;J{;' Ssox08 __.pos DIsKk |3 (CooD éibt\ &az&d
PR AT .POF DISK
J RN
WO_ . 550209 ___.RAW DISK 13 N COo-LLp4TPFos10r
" W SS0KX09  pos DISK 1> _ (oren TEA] — Jec
.POF DISK :
.RAW DISK
.POS DISK
.POF DISK
b a0 A\ 920410 .Raw DIsk _J4 _HoR Sley/éxt
.‘;;’4 ; &)(,,05 503) D _.pos DISK |4 A=TRi GRw= 32 10X s
;(IZquCC‘ .POF DISK B= B Rz Nqop - N
. 0 - (4 SN o
/(LA (NO+ Go0D © n«ZoLplg
|%-<) 50211 .RAW DISK |4 -
W 550KI| ___.pos DISK S
" .POF DISK ____ @O____Q:d;_ﬂ.‘bc_ai.n_/ﬁ_dﬁ)
. SSQAIS. _.RAW DISK (S5 _t s
\ M55@oy&_ DISK A=T\ L= 4.0  JOY R
DISK — & rpin=d
Wot MULh AL ATY wa“va““i)

W b~ 3520Z |3 .RAW DISK (5 g i
Q\OW&/ S550R)3 __.pPos DISK | S s
.POF DISK éfg 0aD "ruM\]
\5 350214 _.raw pisk b _ co-towTlRction -
, \3‘"&) Ss0214 .POS DISK A-TE 40 ss
: s .POF DISK __ BR-Hv 4.0

(cooo Teih )

SSS Form #4
4/87



Study: _fJrzp e AP D /J iz gjf
TRIAL - FILES i COMMENTS
L 5503/1 5__.RaW DIsKk Jlp_ _Vmm //{w/// -
+961\Pq*,,0 \/ 955315 ___.POS DIsSK e o ‘)‘S
Al ts (Regirpised —g!':yr-'f-S.pOF DISK i Y J__ A= £ 7<J0 7
17 55031k _.raw DpIsk |1 _doR 'flpx*_/m{.]
\ / 540216 _.pos pIsk ocpRTRRC YOV S35
.POF DISK o \ PR
(6o AT s
13 S50317_ .RAW DISK 47 m i |
3  $50 l% .POS DISK (O con) TPHc Lior/ S>3
.POF DISK (eoop TEIAL)
ot . 550&1% __.raw pisk |3 __ M
, S50R1 % __.pos DISK (O convTliction) 52 .
.poF DIk ____ _(eoon TRAALN e
\ 0, _S3503V9 .raw pisk _|R W
‘ §502 19 _.pos bpIskK (0 copTREY ON SS
.POF DISK Lok _TRial)) g
.RAW DISK
.POS DISK
.POF DISK _
.RAW DISK
.POS DISK
.POF DISK
.RAW DISK
.POS DISK
.POF DISK

217

page .3 __ of .3 __

SELSPOT Data Collection - Trials Records

Date QAQZZZ:Z

Investigator: L/ JJ/ //..’.é

SSS Fora #4
4787

e — et o e 03 s mma 46 =



SUBJECT: B ?.vtgfu((

218

10/7/#

DATE:

INVESTIGATOR(S): P Rusat ¢ L. Clarko

Elbow {lexn/ extemsum

oL, Fen L*’

MOVEMENT: JIn m1e- MOVEMENT DIAGRAM:
a) Initial position:  txfedad W (285, o L
o) Defimition of 1 repetision: o ., e
EIFE ). DiT Flan 2o G /
DATA FILE NAME: £
MYOLAB I MUSCLE GRP  GAIN SCRN CH FSV BL
cH A T S 20 /A
cH B - ] | )
MYOLAR 11 = — o o r o ss. g %54/l .03%
CH A
CH B ST T ST T o
GONIOMETER DOF MEASURED SCRN CH FSV BL
JT1: ! 3y g9/ 2.3573
JT2:
CSAMPLING RATE: 227  csamples/sec MOVEMENT SPEED: FAST SLOW

3 parthanne| - 200 [g =

—
NUMBER OF SETS: 2 .

INITIALIZED DATA FILE SIZE:

COLLECTED DATA FILE SIZE:

ADDITIONAL COMMENTS:

/Voﬁ : &/rz.‘;f F’i,-.'/u; ,; Suf hA b/ ﬁ/—é_’,‘_ /«

4D sumplo (aLe

NUMBER OF REPETITIONS/SET:

/0 LY 6O
P00/356 3

</L.n~/‘l’/""'\~

o
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NASA DATA
DATE: 10-8-9%

sussect: [ Dave Penn
_INVESTIGATOR(S): ’Tefn'TYul_Y '?Lm Russe (] _

MOVEMENT : Elbow Hexum [ extensin MOVEMENT DIAGRAM: . .
a) Initial position: Statled iw  bxtemces pesidiow (KishT
b) Direction of lst movement: ¥i&xed W (1o Lost
c) Definition of 1 repetition: f[&)l/@gfc,vb

DATA FILE NAME: ELTAFE . DAT
MYOLAB I MUSCLE GRP GAIN SCRN CH FSV BL
V/&Zﬁ:%) CH A Bice P | b 1 213/) —. 14

CH B

. Ul - 830
CH A |
R

GONIOMETER .DOF MEASURED SCRN CH FSV BL
JT1: ELBOW FlE /4 =s 3591 -383
JT2: |

SAMPLING RATE: 200 samples/sec MOVEMENT SPEED: FAST SLOW
(" Pcrcham\tl =200 /5 = 4) sSempld (o

NUMBER OF REPETITIONS/SET: /6

NUMBER OF SETS: 2
INITIALIZED DATA FILE SIZE: HeB |ORY00

COLLECTED DATA FILE SIZE: 16293

ADDITIONAL COMMENTS:

vo ksmvive ow HEicep fir 2% gud 3% sk BUT hucep
I’eaduj w“&”c{ whn p ’zérmu/ *ﬁ'mp extonsion

o
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NASA DATA

SUBJECT: j/: . ﬁv\% u((

INVESTIGATOR(S): P.Rusau) L -Clarde
uafL"“}vv\/L"({ ?/A“y

MOVEMENT:  Elbow{levim fextomsumn w/ cDCM%MENT DTAGRAM:

a) Initial position: €tcension Fh%- »p' t}#pﬁ“;

b) Direction of 1lst movement:@ Flo,,.
Definition of 1 repetition:
c) be P Flex 4 ¢+ \\\\/////

pata FILE namg: EIL FECH. DAT

DATE: /4 /ﬁ

MYOLAB I MUSCLE GRP GAIN SCRN CH FSV BL
e A f_’z"&iﬁ UL S -,_ - - - :g_gc/‘/,_ ,-_”éq.:z-
CH B - i
Bk 5% 2 )
“ %S‘V/ 62
MYOLAB II - = - - - - - - = o o = & o & = = - & = - -
cH A
CH B
GONIOMETER DOF MEASURED SCRN CH FSV BL
JT1: ! 3=5 ~SY/1 2.353
JT2:

SAMPLING RATE: S od samples/sec MOVEMENT SPEED: FAST <EE§§ SLOW
~ per channel = 200/G = 4D -Samily (o
NUMBER OF REPETITIONS/SET:

NUMBER OF SETS: tB

INITIALIZED DATA FILE SIZE: /OQY 6O

COLLECTED DATA FILE SIZE:

ADDITIONAL COMMENTS:

F/w/&‘YL W/CA@,:{LWD{T._\



SELSPOT Data Collection - Cover Sheet

Investigator:

Study: Nm - A&e:wm AL on, !_&}j .
EThow
Date:
Reference File: Disk: ____
Calibration File: Disk: ____
Subject Data:
Name;. phone
Age Height _______~~ Weight __ _________
~
Segments Lengths: Forearm ____ Thigh _____ ____
Upper Arm __________  Shank S
, Trunk __________ Foot ________ __
Other:

LED Setup Body Diagram

1.

2.

3.

4. -—

s.

6'

7.

8.
Analog:

6|Q€P5
Teweps

s%m*ﬁc-‘aukk;u7
SSS Form #3
4/87
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SELSPOT Data Collection - Trials Records

Investigator: Date: _________
Study: -
TRIAL FILES COMMENTS
) 50/ .RAW DISK B~ 5/4l81 R *| w/ eoponmescnon
.POS DISK
.POF DISK
L _Ss01Z ___.RAW DISK g= S/y4lg7 TR s T chres
r/ .POS DISK (O-(0N TR6C o~
.POF DISK
1 $501$% ___.RAW DISK _B TR/ (L' mp) Shep W fo-rarrRolmi-
gsp153 .POS DISK &
.POF DISK
2 SSoisd __.Raw DISK _8_ JR*ziici FRISHD wf ®-ton
o6 of .POS DISK
.POF DISK
g $$01SS  RAW DISK & _TR*3.lc : [T step
$601€< . pOS DISK
.POF DISK
K swiTeHED o 56018k .RAW DISK _N _ TR*YILL: F1m0-19: mo) steed
2 ) W/ 0o-oonRAnP o
> oot POS DISK / Pon
.POF DISK
5 5057 ___.RAW DISK fO_ JR*SILC! pM O~10: Mob_SPrE)
.POS DISK W] 00 =ronTREC 70
.POF DISK
-@ ¢C0I68 .RAW DISK /O TE*:IC! AMo-r0; VERTION(
~ .POS DISK Mo
.POF DISK
SSS Form #4

4/87

—————— - s s i .8 4 bt 4w b
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SELSPOT Data Collection - Cover Sheet

Investigator:

Study: A - Elbow Aeyua [ Shontdef
Date: —_

Reference File: Disk: ____
Calibration File: __ Disk: ____

Subject Data:

Name: __ - phone
Age Height _ Weight
Segments Lengths: Forearm __________ Thigh __________
Upper Arm __________ Shank ____ _____
Trunk __________ Foot ______ _
Other: L
LED Setup Body Diagram
1. _WRST . _
2. oW z shuddes
3. _SHoulxeR
4,
S.
6. - 2
7.
8. ___ _ ' [
Analog: '
EMG . BIoYs

TR0 DELTDID

SSS Form #3
4/87



Calibration Data

Calibration File:
Creation Date:

Reference File:
Creation Date:

— e ———— — — . ————— . —

—————— e - o T o — — ———— - ———

oot
r':ll’{/\;a"/\
Dist:: i#

/ .
Investigator: ;ﬁ&&i%u_i tﬁéi- _______ Study: _J%@UL __________
FROMS: _c}QE_Qi—___Ai_W_\____ _____ Analog? ____ _________________
AIM ALt __ )
C3.Vvli: Field of View X Y

Camt  ______  ______

Cam2  ______ ______
No. of Frames used in calibration:

o - __ Cami e Cam2  ______
Average Distance: Cam1 S.298 CamZ F 51
Camera Set-—-up: radius Cami  ______ Cam2  _ _____

angle,e . ___
tilt Cami  ______ Cam2  ______
height Camy  ______ Cam?2 e

Diagram:

File

Titles:

Comments:

-

695:
Zrez

Form #1




Reference Creation

226

N

‘
Reference File: _Jﬁhgijggf;jiiﬁ ______________ Disk _lj%__
Creation Date: __S/Iy/¢%______ _ -
s /
Investigator: _{QgggW;_fii_fi ______________
Study: " ESE
Reference Description: ____ . - e
LED Coordinates (in mm) Detected Light Level Aperature
# X Y YA Caml Cam2
1 _JQ____SE&____Q _____________________________ Caml
2 _Q__loga 0 Cam2
3 5 I SR e B _— _
4 sit _wjﬂl___tQ —_
5 o S S3
6 O ___ 1052 545
7 Se8__Sl13___ 5945 _
8 Ss_1ogd S5 ——
Analog:
Ch. Units Offset Scale Factor Description
! MY - .35
2 _ ——
3 -
B ——_
= - e -
O o,
7 —— — — e — s~ ——
B
Reference Diagram: {mark and number LED locations)
Reference plane: [N
front _______ \
back _______
N S
< N -
- N 4
: AN
)f\ |
T -3 \ :

For hanging reference: Front track
Back track

SSS Form #1
4/87
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SELSPOT Data Collection - Trials Records

Investigator: _N‘?-h)@?:g ‘/”\"ev’ "u"{ .__’;K/ Date: -S li/./ﬁ
Study: LR ’
TRIAL FILES Nk © Forertmn w Neddra! ;4 COMMENTS
o I:;Au f\ 'r;v( r) = /0
S <0093  _RAW DISK | * B ¢
30093 ___.pos DIsK ¥ kil Pl £:Biy BT - Sl
________ __.POF DISK
vl 350094 _rav DISK E  tilew Pl g airs
$3009%___.pos bpisk _\?
.POF DISK

$90095 .POS DISK |C} _ 5/.»w=
.POF DISK

o 459036 raw pIsk % Grn Tl Gpn B3

450019 .pos Dpisk % T fY sl Hol g .,(L,é.p;-s’.‘ S,

.POF DISK
o 4500:# RaW pIsk 1§ TrHy (;'lwﬂ.lil)w Fiew " St
450097 _.pos bpIsK .8
.POF DISK

o 55009%  raw pisk 1Y TKP( sioddear Flain  $le

54009 .pos pisk 1§

_.POF DISK ____ ____ _ e
\/ LT ééoo(‘? .RA“ DISK _Lq__ﬂ.}_é’_j_lzid__él.:aﬂ;i"\ S - }I/AS-IL
$$009%___.pos o1sk _9_ _____

’ .POF DISK ____ ____

$50100 .RAW DISK 19 ﬂfd S ke F-Ie.m;»-. - 64 /'
{$01lo0o .pos pIsk 1
.POF DISK -

SSS Form #4 i
4/87
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- 12/ 30 [ 37
sumscr:ﬁm ﬁ,,ﬂ DATE ﬁ/o'/
INVESTIGATOR(S): //&«/{é’//—fd«f/ﬂ ﬁ/(’/A !Z , -

MOVEMENT;f‘wUm F/%“E A st '5/'3[#./ Flarna-

a) Initial position:Anatanicad s [00°
b) Direction of 1st movement: ¥lexiem . — 7 Flee
c) Definition of 1 repetition: Flexion / Extensim

MOVEMENT DIAGRAM:

it miavd
DATA FILE NAME: SHEX EXSQ.TAT o.i foes
MYOLAB I MUSCLE GRP  GAIN SCRN CH *FSV BL
ci 4 TR 2 . Y1 - I5T
CHB N S - o T
O /L R S MRS 1474 SRS 4 £
cn A Lo At Dt ek AT 7+ A2
CH B
GONIOMETER DOF MEASURED SCRN CH FSV BL
JT1: SHD Flpaon ] emExsey 73 P/t 3 27/
JT2:

- em e e s em e e = e @ e e e e e = e @ = e w e = -

[SAMPLN&-RATE . 2090 ] + [ NumeeR OF INPUT CHANNELS ACTIVATED _5:_..] =7

iAMPLING RATE: Y20 samples/sec MOVEMENT SPEED: FAST SLOW

perchannel)
NUMBER OF REPETITIONS/SET:__fg_____

NUMBER OF SETS: >

INITIALIZED DATA FILE SIZE: X9 %&00

COLLECTED DATA FILE SIZE: 16366

ADDITIONAL COMMENTS:

o
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SELSPOT Data Collection - Cover Sheet

Investigator: : "
Study: NA<sA Showtdee - Abluchen | Adducton
7
Date:
Reference File: Disk: ____
Calibration File: Disk: ____

Subject Data:

- Name: - J“;ynsﬁ-“ _ ' phone
Age Height Weight ______
Segments Lengths: Forearm _____ ___ Thigh __________
Upper Arm __;_Z_____ Shank __________
Trunk Foot __________
Other:
LéD Setup Body Diagram
1. __WeRIsT
2. __ ELBow
3. __ SHUCheR > dreutt
4. ‘ » X View
5. \
6.
7.
8.
Analog:
MidDLE DE2TD1D - FOX £WD OF Ifamen)
fosTertor decrerd

— lofes fRials - mierivs oelfp d

SSS Form #3
4/87



Reference Creation

230

Reference File: _NJI SI¥. Ref - Disk: _l;z__
Creation Date: S- 14 -¢9 _ —~
Investigator: _NASA /_éénd’ﬂ\_ /UA,L,
Study: Ne
Reference Description: _ﬁ&tﬂ /Z‘B/ALL/" 7@4»‘—
LED Coordinates (in mm) Detected Light Level Aperature
# X Y Z Caml Cam2
1 o___35i¥ 0 % 9 Caml _| _
2 o 052 o < 9 Cam2 _| _
3 597 ___51% 0 - ki
4 532 __ 1033 ____O_ 4 I
5 0 Sig 389 X 1
6 Yol (e 52 58¥ 10 L
7 59% __35I¥ 7£¢ 7 g
8 52y 1083 __§¥% b Lo
Analog: :
Ch. Units Offset Scale Factor Description
1 My 99
2
3
4 e _— —_—
5 W ,_- AN 1
6 __
7
8

Reference Diagram: (mark and number LED locations)

Reference plane: [N ]
front

B
3
For hanging reference: Front track
Back track
SSS Form #1

4787



Calibration Data

231

Calibration File: _NSCAL §IY _ Disk:__3__
Creation Date: _S-!¥-%71 ________
Reference File: NS SIS, ReS_ Disk:_lzi__
Creation Date: _S-i1y-%*
Investigator: 7é&gg%;i£!&ﬁ¢. ________ Study: _ ML
FROMS: _QQQ_H_-Z__A_I_[‘/_( _________ Analog” _ _ _ =
AIM AYY:r
C3.VI: Field of View X Y
Cami _50 . __¥o
Camz  _49 _  __¥o_
No. of Frames used in calibration:
Camil _100 Cam2 Jleo
Average Distance: Camt 5.2 CamZz 2.3 F.2%1
Camera Set—up: radius Cami ______ Camz  ______
angle,es  __
tilt Caml _Nene _ Cam2 nNong. _
height Cami 93 Cam2 73.6 eam

———— . . —— — — — — ————— o _— —— —_—— — o T T —— —— — — - ————————— — — " ——— ———— —— ——

Diagram:

File Titles:

Comments:

S85: Form #1
/87




page __I1__ of __?:
SELSPOT Data Collection - Trials Records
Investigator: Date: E&_Eﬁ:ji'
Study: Np4A :
TRIAL FILES COMMENTS
MODLps™
] At 7@{"&"(-;-. 7614’
- [ ' 46&04’ .RAW DISK ‘,} é’rv.n A -3 GA:.;. ? “3
Ss008| .POS DISK Toial | slddac AL M - Sy
.POF DISK
- ,Va 490593 _RAW DISK |7 i A-3 (Bt Tl M'L,WJ
SSop82 .POS DISK
.POF DISK
— 3 S50°% 7 Raw DISK _[3_ Gamh-3 E-3
_$S0083 _.POS DISK —Tal 3 Slodds Al A Show
.POF DISK
~ M _ sseoyt __.raw pisk Y brm A2 B2
S$oo8¢ __.pos DIsk Tl Y bl el FiT
.POF DISK
/
- /5 5500?7 .RAW DISK /g/ Garv -1 B .
_§R008S.___.POS DISK Teind S Shodden Abd 4] 7S5
.POF DISK ,
- /L s500%L __.raw DISK 1Y Gunh-T BT
40086 ____.POS DISK Ted b Sladhe A4 Rl it
.POF DISK —
TA: A<
A?é:.e.b,.‘w“ I A
- '/3 65004;Q -RAW DISK i( Cai A L BT ( - T a Teep
850087 ___.Pos DISK Tl 3 _Shedla AL A %71»@_ 4l
.POF DISK :
- % 9500%4% . raw pIsk /5 Guv L1 BT
$500 ¥ % __.POs DISK Tod & Y AL(,A}_:ﬁfc'g'{) 5P_ou
.POF DISK w/ Lo Coichtach e
SSS Form #4

4/87
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page ___ of _A__
SELSPOT Data Collection - Trials Records
Investigator: Date: _________
Study:
TRIAL FILES COMMENTS
9  <500%7  .Raw pisk |9 G A7 BR
5%500%9 .POS DISK el 9 Sho Mo AL Ad ud7kA£ Slows
.POF DISK N/(q,wﬂauﬁu,\
10 4%0090 _.raw pisk 1L G4 B
550090 .POS DISK “Ttsni 16 ékw“%~ALAJLJj@$ ﬁ;
.POF DISK
[ %6091 " raw pisk £ /12 BT
$$00 9| .POS DISK ~Trin H GA.J:{K AL AJ -e/ﬁzpf
.POF DISK Fast w/ﬁ: N A
iT  $%00972  _.raw prsk | Al 11
$500 92 .POS DISK Tt e ddee AL LD w/lznp
.POF DISK Fast o Logontintron
.RAW DISK
.POS DISK
.POF DISK
.RAW DISK
.POS DISK
.POF DISK L
.RAW DISK
.POS DISK
.POF DISK
.RAW DISK
.POS DISK
.POF DISK
SSS Form #4

4/87
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NASA DATA

DATE: i0-Ik-6F

suBJECT: _“1dd  MMitchell
invesTIGAToR(S) : D Ruaglh + L (lavidd

MOVEMENT : SHOULDER ARD/ADD . MOVEMENT DIAGRAM:
a) Initial position: Avakewical -sm}t'dbutl‘bd-'

b) Direction of l1st movement : ABDu ‘A : c
c¢) Definition of 1 repetition: 4pp+ ADD TIJ(‘L @ 8 Do
w - A
DATA FILE NaME: SDABAD. DAT |
MYOLAB I MUSCLE GRP GAIN SCRN CH FSV BL
CH A D DELT g { ,QL}} -394
o HP PECT  FEAS 2 SH et
MYOLAB I1 - - - - - e e o T L L ..o
CH A
CH B T ST T o
GONIOMETER DOF MEASURED SCRN CH FSV BL
JT1: 54y ABD /ADD 34 =5 94 23535
JT2:

[SAMPLING RATE: JLD _ samples/sec MOVEMENT SPEED: FAST(iij) SLOW
> pchemel= 40 somplo (ere
NUMBER OF REPETITIONS/SET: O

NUMBER OF SETS: 25

INITIALIZED DATA FILE SIZE: [02HQO

COLLECTED DATA FILE size: d45%%

ADDITIONAL COMMENTS:

Mo o Sa0
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pate: Ip-lp =91

sussect: _lodd Wukchel|
invesTicaTor(s) : 1 Ruqadd, + b (ol -

6 Con TRALTION
MOVEMENT : Shoulder ASD"C“@/ADDUC.W’\L ol o R O AcRaw:
a) Initial position: AbDM)('\UV\uAHIL el Dosrken

b) Direction of 1st movement:REDUthl Q\‘”’

c) Definition of 1 repetition:A'w/m)D

Riwm= ¢¢°
DATA FILE NaME: SDARPADC.DAT (j“‘éﬁg fow /

u:-l\nuﬂ 5,
MYOLAB I MUSCLE GRP  GAIN  SCRN CH “FSV BL
CH A ANT-DELT - S i+ {4) .78 ~.cop-
cH B Pect. MAxR 5 £43) 1xe tox
MYOLAB II - - anmBecT— - - - - - - - e e e e e e e - - -
| - a2-) 1.9 NI
X _(f.ﬁ‘t»‘;dﬁiuéu‘mi R e e e e e e e e e e = - -
CH B
GONIOMETER DOF MEASURED SCRN CH FSV BL
JT1: SHDABD/ATD 35) 65/ -4
JT2:

SAMPLING RATE: {00  samples/sec MOVEMENT SPEED: FAST MED SLOW

L puchanml- 33,33 W/‘“'v

NUMBER OF REPETITIONS/SET:

NUMBER OF SETS: ,:

INITIALIZED DATA FILE SIZE: _ 107"100

COLLECTED DATA FILE SIZE: 2830

ADDITIONAL COMMENTS:
R{;u’)dd& a_qvmﬁ Hv P Majer
“’b\)M\‘JAJ-M "‘h‘l PL@\\L/

-

0"
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SELSPOT Data Collection — Cover Sheet

Investigator:
Study: Ry - (&i xt _wtede. o
Date: -
Reference File: Disk: ____ .
Calibration File: Disk: ____

Subject Data:

Name: phone
Age Height Weight
Segments Lengths: Forearm ______ Thigh ____
Upper Arm __ Shank ____
Trunk ________  Foot ______
Other:
LED Setup Body Diagram
1. uging hoeizondel arns.
2. E{bow eﬂww K)["'c\ KYIS.
3 Ihemsd [ehumad refihon o
4. Hhe humens . Monitored
S. bq.iavuuynh!'a‘ He
6. nojelde 6/m~
7. ' ‘
8.
Analog:

hbcomby
’ﬁkn‘Myr /hhqmgfb§m+0w*

SSS Form #3
4/87



Calibration Data

Calibration File: ___/Vzc'y_"‘v_‘-_-(_._"zg_g_\ ___________ 015‘”__13__
Creation Date: _- szf ______
Reference File: __jglz [ 639 o ___ Disks ias ¢
Creation Date: ______ VUV __ _______
Investigator: Clﬁféé: _____________ Study: _fﬁfﬁa@ —————————
FROMS: _ Analog? _ _ _ _ o __
AIM ALt
C3.VI: Field of View X Y
Cami _gEL__ __YY _
Cam2 0 I Yo __
No. of Frames used in calibration: R
) . camy _120_ Camz  _/97
Average Distance: Caml 4 3%9 CamZ 341K
Camera Set—up: radius Camli  ______ Camz -~ ______
angle,é — —_— —_—
tilt Cami  ______ Cam2  ______
height Cam1 Cam?2

—— . — > 2 o T — e e = o S — o — ———— — T —— S —— —— T — v S S} o S ——— —— T —— . S o S — — e e

Diagram:

File Titles:

Comments:

885: Form #1
3I/87

237




Reference Creation

tooefd ¢2]

Reference File:

238

Disk: Mu» Y

Creation Date: L/9ei¢2Y
Investigator: CJL*Z;J/%hM44
Study: PN Y R v

Reference Description:

LED Coordinates (in mm) Detected Light Level Aperature
# X Y 2 Caml
1 0 29 0 ) Caml ___
2 Q I#% Q Cam2 __
3 $3.5 pl a
4 $5. %__12% )
5 & 134 F4Y
6 2.9 (< _ 3
v 7 N
8 -
Analog:
Ch. Units Offset Scale Factor Description

Reference Diagram:

Reference plane:
front

(mark and number LED locations)

———— o — — —

For hanging reference: Front track

Back track

SSS Form #1
4/87




%‘7 it 90" Mol ‘ 5 239
“9. m;m}f- (’f,'ov)ﬁ*’-jls er"""’"‘b page ___/___ of e

4SELSPOT Data Collection - Trials Records

RIGINAL PAGE 5, __, - Checke< oy
nvestigator: A Date: ffl;if_
E P-(X)R QUALI'I&udy:I //ﬁﬁ/ j’/,vJ:z:rug_él-"*C’;vu, foﬁ;h)v\ ° —/
TRIAL FILES g.b.. 01 M4l Fd COMMENTS
She ‘"L‘,Tfa I 550230 ?/msx s TR :l’x/'e/sz/édl"fclm‘ks'h
t.rJ ;}_—Ha‘ / gsozz'o 0S DISK 72(48 W‘ﬁfz‘““f ﬁ‘(ﬂri__‘g;no‘!u.j
.POF DISK Gaia_= IX A Tews M B2 ﬁ44n<r~ {
~ Tl € 450 Azd C B- s ‘3"
or e _2_ 53023 .;2;/ prsk 13 _1£Pz T/r:‘f/ci*" Z At 3
e . -S20221  gos pisk Azt Bzdy Sri:[X 7
£+ .POF DISK “Taevle gt 45° |
ﬁ
e b & 679;?2‘ .R ‘DISK /(/ "fﬁf‘S fm‘!'/l‘:(“' ,{m[’,;‘,,v %
550222 _Aos pisk A4 Bz 45 =~
.POF DISK vl 2 Y45 e .
| | Q
i 590303 pay DIsk /ff 1ty TA/ek lféuﬁ\ l‘ﬂ
i J 550223% . pbs DIsk 3
.POF DISK Tl F @° A
W
— . R AV
54, rJL S 350 2,2“/ .RAY DISK _I5 Tﬁ*g fm,L/(d' 7’}}% .g
oe \ ° ‘7
%0 _ ssoz224 pbs pisk 3
.POF DISK Tk 4 G =<
- g 2L} -
hepd 00 b 750229 mayorse 1S Ty Tk fek Akl
1o * A $502LS __ #bs DpIsk Cocovititact 1on
97 300 _ . — — L 5t
Evd on -POF  DISK Azdo0 B=45 Jrewnde o1 O
L a5 3 \fléé Oﬁlé ?/plsx ]} /fﬂg"‘}' :’r}/(:ri f{lﬂéa;
f 116° cS022( A0S DISK Conprteschio~_
e 30 .POF DISK Tl = O°
Y 550221 .;A)'/DISK Q2 Tets et 2hh
sk P00, K02 £os pisk Cocoitasttion
' "o .POF DISK T ot O ,
29 :
4

Na‘f’e: 5A~‘){:~] 4.@&.’ ,é/sge«vg's
SSS Form #4  S4edieg Feshion N
4/87

/&wa.u -,fw»\ CI«MULA)QAQE\
¢
Lt%v;\s Fosnnds 'QAmefws.)

"L;‘\:“ o)W (\"» -1



SELSPOT Data Collection - Trials Records

Ofpete—

vate: /5 /7

Investigator: £/ _
Study: /ARSA /ﬂ}]g/ﬁ" T T1p
TRIAL FILES SuLébJ‘f Mkl Fed COMMENTS y
2 S
0, )
,‘,909 1 $5023% .raW pisk /¥ e¥9 7 Titfd ?feu - g
2od 437 0% S%0228 7!()8 DISK C com%c%h_ 5
.POF DISK Tk &t JL° )
e 10 <5327 pat’ pisk i Tt et TA g
o rnot S _SB022T  os pisk Copgrtearti o N
.POF DISK “Treweide 4 45° F
goey N 550230 ?/ prsk _I7 TR |
T " _$50236__.fos pisk A A+o<m Y& Bz Tectou):s i”'r 5L
.POF DISK 9" £ =¢ g’ B=1 gm s IX
12 5592731 ..;}/DISK 19 R zHed Thh Stk
v~ _$S02%]  os bpisk %’
.POF DISK G 7 !
st=]~- act 13 5502372 .;/»/Drsx ol /uigy? Lt 7t -
et _$5023%2 _pos bpisk Y5 ® X
£ 8 20 .POF DISK Cam 10x A4S  Bz4o '§
Shvee, M 559333  pa p1sk *L TP zted gk §
6(“J v $R023%% DISK 45 ‘ 2
oo .POF DISK Az At DA B Tl =
1 /5 ﬁ;zq DISKNHA {l 'S/ :&‘l'/ til’jo‘pgi; e
o l“o \/ §QOZ%¥ 0S DISK 0’ Copg dresdi o
.POF DISK A=G.0 B=50 Grinz N
doo q0° L. 2502735 _.RAWDISK Mot ek L/ed RS
Nofwz v _$50235 ¢bs pisk Cox ordiwachion
step #1107 .POF DISK O° 4240 B25.0 Grm:!X
wert o~ Cob&c#u=£;<« {

SSS Form #4
4/87
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4/87

CE POOR QUALITY

o "o’ . : 241
g S
SELSPOT Data Collection — Trials Records
Investigator: '1Q&QJQL- Date.'%zé/é%:;_
Study: __NA<La Zet /oo Eetite
TRIAL FILES sktéea‘. Ml Fad COMMENTS
=zl g4 NZ .
ik ,‘; 17 S50236 Ry DISK A& ﬂ\ 12 f‘rt/c-f ot Lk
)L, i v $502%(___.pbs DIsK A,%Jgjfl Bk figi~
e .POF DISK Cocotaifiue.
, , 2%
Sty 4 , 5502‘53 DISK 44s5-TKY 1%
2 1io° \0/ %»OZ,%? 0S DISK Corm}.u;}.;
ed Jpun s 90 .POF DISK Y&  A50 F:S.0 Gr 17
“";"" Fan? ) iqA . {6 o;/ﬁ %/ .'DISK”/JA-;/vo TL lq f}/&# /P 27
o° v _K0228 _Fos DbpIsK i Az LS TEY,s Guu 157
£rd pea. 9 .POF DISK o°
SUETY 20 540257 _raW visk gad TEE20 /A}/z:\} Kol A
s < SSa 227 __Fos DIsK "
.POF DISK 02 _Az6S 1240 San 10
.RAW DISK
.POS DISK 1
.POF DISK ‘3
R
.RAW DISK fs“,
—
.POS DISK kY
.POF DISK a
)
QJ\
-
.RAW DISK jk
.POS DISK S
.POF DISK
.RAW DISK
r .POS DISK é
- .POF DISK 5
i
SSS Form #4 ORIGINAL PAGE IS i
.
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NASA DATA

susseer: R Srdund DATE: HT/QA/€7
INVESTIGATOR(S) : i C//Whé _7 7J,@/

MOVEMENT : M / A/ 0 ‘%\M\WZ) Wﬁé%msm DIAGRAM:

a) Initial posfition: N&wRAI
b) Direction of 1st movement £ xtepVAL PoTATOY !
c) Definition of 1 repetition:Zajepmdl Ro7A7ied !

: (k! Sy
pATA FILE NaME: S HD TN& X . oAT Méu\/ Do
MYOLAB I MUSCLE GRP GAIN SCRN CH “FSV BL

CH A

cHB /ﬁ»{/rngz =2 - - /_;%,/] e BTG
MYOLAB II - = = = = = = = = = = = = = = = = = = = = = - = -

CH A Aoes M& ‘/. 2:6 Zﬁﬂ 13?54

CH B F
GONIOMETER DOF MEASURED SCRN CH FSV . BL

JT1: |

JT2:

)2
[SAMPL:N&RATE ‘2000 ] [NuMEROF INPUT CHANNELS ACTIVATED ____'J =3y

MPLING RATE: 333 samples/sec MOVEMENT SPEED: FAST MED (SLO
iR(Wnn¢|9

NUMBER OF REPETITIONS/SET: i___

NUMBER OF SETS:_ (2 5«;——/

INITIALIZED DATA FILE STZE: 94 7?00

COLLECTED DATA FILE SIZE: 22 ¢ 667

ADDITIONAL COMMENTS:

%\,ﬂs‘)‘/\")u’? w \ 2

v

o

T
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NASA DATA | l/ /
/
SUBJECT: //Z'V(x QM DATE: ?0-#
INVESTIGATOR(S) : U:wé&////ﬁ@”&j / ': 3 o

8 hodd f:/’wxf/e,ﬁwm{ MP*”“‘
MOVEMENT: + { MOVEMENT DIAGRAM:
a) Initial position: WNewiZs ,
b) Direction of 1st movement:er&inJ

c) Definition of 1 repetition: .,/ /{
enAn
AR eed
DATA FILE NaME: S HDINEX &. VAl

MYOLAB I MUSCLE GRP GAIN SCRN CH *FSV BL
CH A

CH B '
 Ffea 2

MYOLAB II = = = = = = = = = = = = = = = = = = = = = = = = =

CH A |

e
GONIOMETER - DOF MEASURED SCRN CH FSV BL

JT1: Paro Afn—(,“gfﬁmé»a 2:=4 .217% A

JT2:

[sameLine RATE : 2922 ] % [numeer oF INPOT cumnnRs AcTvATED L] =
AMPLING RATE: 335  samples/sec MOVEMENT SPEED: FAST MED -
percha.nncls‘ ‘

NUMBER OF REPETITIONS/SET: _ O
NUMBER OF SETS: Z 27 st = & r2eps.
INITIALIZED DATA FILE SIZE: 0¥ 30D

R oY 62

COLLECTED DATA FILE SIZE:

ADDITIONAL COMMENTS:
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NASA DATA

. | NASA L o
SUBJECT: ?o{ ié@% DATE: /79/#
invesTIGATOR(S ) :_(orcde [/ 'f,@/%/

vovemenT: Shd rifred /%ﬂ[ cAbs. - &Uﬂﬁ%fﬁm

MOVEMENT DIAGRAM:

a) Initial position:
b) Direction of 1lst movement:

. c) Definition of 1 repetition: CM%,ﬁJ /ﬁkdn#{
pATA FILE Namp: SHY IHex 3. VaT "“J'J\s A
MYOLAB I MUSCLE GRP GAIN SCRN CH " FSV BL

CH A
SEHB j”‘%«q B ‘1 - 13T /l;oi,ﬁ ’ﬁ{ S
MYOLAB II = = = = =~ = = = = = = = = = = = = = = = 2 = = = -

CH A —T2re4 Mj- ¥ LA L we/ -, 745

CH B [
GONIOMETER DOF MEASURED SCRN CH FSV . BL

JT1: | |

JT2:

60

- e e = @ e & e @ e e = e e e e e e E e e @ e e =

[sameLine RATE S | + [ NumMBER OF INPUT CHANNELS ACTIVATED L] =y

AMPLING RATE: %E=% samples/sec MOVEMENT SPEED: FAST MED
?.PWO“MM‘y bb.6

NUMBER OF REPETITIONS/SET: ______E

NUMBER OF SETS: 1

INITIALIZED DATA FILE SIZE: Q9% TED

COLLECTED DATA FILE SIZE: 20 3

ADDITIONAL COMMENTS:

Mookt done witls 0&4@5{%;7_#

o
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NASA DATA

—————

{1

. , : Zo/
suBJEcT: Brch QM DATE / -g%
INVESTIGATOR(S):-ﬁf-’u/&Z 7/ /I%MZ :

MOVEMENT:jl"Vu“- Iﬂ*ﬁw(/(;ff ﬂv‘ltn’k»., ” GU';DA-'{"':[”"'\ .

42 / MOVEMENT DIAGRAM:
a) Initial position: Aes™>2 (/
b) Direction of 1lst movement: enn
c) Definition of 1 repetition:eﬂ, +o -M+ 4.
et exticns! .
) :
DATA FILE NAME: §M?f“ EX Y ?ﬁ ,;,.+_.l’,' N cfen
\\J
MYOLAB I MUSCLE GRP GAIN SCRN CH "FSV BL
CH A
CH B ’% ' L , . L ,
' Tfe 1 1= 2 _
> T R e
MYOLAB II - = = = = = = = = = = = = = = = = = -l ? ----- 5
CH A s/ i 2756 1. 70%/r -, 74D
CH B
GONIOMETER DOF MEASURED SCRN CH sV BL
JT1:
JT2:

[sameLine RATE F=02 ;-:— [ NumBER OF INPUT CHANNELS ACTIVATED _._é_] -y

samples/sec MOVEMENT SPEED: FAST MED
perchannel

AMPLING RATE: 373

NUMBER OF REPETITIONS/SET: %

NUMBER OF SETS: = s4 3 el Y »
INITIALIZED DATA FILE SIZE: RD Y50 :

COLLECTED DATA FILE SIZE: RO ¥§0~

ADDITIONAL COMMENTS:

ot of Cocnchioctin

W

B T L L S R W
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St '..‘ ._"!'( (_—,:v_w :\‘ Vs .,) page / of ~

O'RIG"NAL PAGE IS (ot ey page Lot o
cr POOR Q,UAIm e ,/
SELSPOT Data Collection - Trials Records

4 [ .
Investigator: L//""; le « Date: .';'._"_‘"_Z":_}..
Study: J "/“.If 1" ‘t,‘lina ! /ei“}\"- -f"' zV:J 1 J’u'\

: T :
TRIAL FILES <. ..+ ML T COMMENTS

19 /. ’
$L s :',:__ ! 550320 ;?/DISK TR Tkl 6 K;('J’,g,_
Cod v _S$S0220 __gos bpIsk Texss Pl ﬁ£4.+.,,4

.POF DISK Gm - X

e B = ’f-:l:(fznf. (

, R =4 YTz g S

il s & o=y .;}/Dlsx 13 el Tt ",'\'_';.Lb'é',;,_\ Ry
‘ 830221 #os pisk f | B4 Cal:IX ~
ARSI .POF DISK Treve b 4SS |
~

L3 59027 F ./?/Disk' 1 sets ohled L. %
. 4 (o222 0S DISK A=Y oz 4G S~

.POF DISK “Triws il ot 48

e 530393 cawspisk Y Tkby Tt (L
J 550223 .pOs DIsK

.POF DISK “Trwrle T op*

g . - /.
:.'_ . L S 6 SO 22 J _RA DISK Iz_] ——7’,7_‘&; ;.I‘L)_:L r.[;k%
D _sSo224_ pbs pisk

/ —r l P -
.POF DISK S

.‘ g :‘;-.1 . Ly s DISK ’S -’f,\ ‘ "/ L/t‘(;, L-/; ’o-‘;

AL G 1S prteTen

" - = T O
-{‘f,—l ) p—
; :‘7\'- \/ S$021—§ 0S DISK Sm”am’!"\t-c{ 1o}
RO S .POF DISK ____ _f:=62 F =45 Frzewde a7
. ~ N L gl
g T Zé .R DISK l‘f S ;' . R fe st

)
f . . ) n
, QSO?,Z_(O DISK SR rtIOL P
AN : .POF DISK e b D7

" e e . N | L]
e Ly L .:y/brsx Gt Tk s TRLT
Lo L8502 Hos disk Mo Bt pitn ;

.POF DISK TowJe LF

Wi .o ' ! . -
) £, . S
1300 ¢ e i e L Mo . —
st i ! ._.! 'l«. \\ PR ;',...'\‘ "\"" :Lkls\“:'. T ¥
SSS Form #4 e Tk N . LT e
‘“ AR

4/87 igmd Ty RS emr

.
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SELSPOT Data Collection ~ Cover Sheet

Investigator:

Study: A fsd S(;tp//lkﬁom r/f?w!#ﬂor\
Date:
Reference File: Disk:
Calibration File: Disk: ____
Subject Data:
Name: _ phone
Age _ ‘ Height Weight __ L
Segments Lengths: Forearm Thigh

Upper Arm Shank —

Trunk Foot
Other:

LED Setup. Body Diagram

1. BotToN oF R\ er

2. Toij of wulenr.

. 3.

4.

S.

SSS Form #3
4787

T, S22
N——
1&d
|
&P
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SELSPOT Data Collection - Trials Records

Date: >//f/€9

Investigator: QW%T/C/{'W{L{ AL i

Study: _ Nesa

TRIAL FILES All sheb fom Supmoted positio commeNTs
_ LEDT =Bl 27 Top A= Segontin B - Taonrien
/ 550107 __ .Raw DISK 23 Grihz 7 B: 7
50109 ____.pos pi1sk 33 TiMsd) Sopimebie [Foondiee
.POF DISK !

o S350 40___.Raw

" S$0 110 .POS

. POF

> 50119 -Raw
~_.POS
. POF

Y $5<$O1L A .Rraw

Y

$Co 1L .POS
. POF

5 550112 .Raw

S§s011R __ .POS
. POF

6 450“‘% .RAW

.POS
. POF

3 23 .RAW
5/>ou( .POS
: . POF

< ssollt .RAW

_S85dlj, ___.pos
. POF

SSS Form #4
4/87

DISK 23 %2 @/ﬁ» S A) BT
DISK 23 !
DISK

vDIVSKh_ 23 /rﬁ ﬁ? %l?ﬂﬂ‘_mlz w
DISK !
DISK

suf '% ‘BlC 6&.;\ A "’q
DISK ;Z(f -TK,#% sufrmafmj 'g&‘?{? B 10
DISK (3 ﬂ-‘-) (_'m.pl*’"té&

DISK Nite ; H.IJEM Fontporen
DISK &5/ TRAY 60\1' Zﬁmbﬂ u[an’
DISK (fsee) " ' Coordtin
DISK
DISK&% Tr¥4 5ug.mjfr—v/1'§.ag
DISK (4 ;)
DISK

' A4 B2 S
DISK ¢ Flooes  Erborgoes -
l:)ISK ’frz.*-‘? éfU‘{f'lv»q ,A‘F{{n{ T)"‘C‘x“’ “',I’wb(/
DISK (u.«s%,,&cf Foag prtan)
prsk _7 _ Tt Cuaspima A-Fl, Bo6
DISK Supppted Forlhtm
DISK '

P



SELSPOT Data Collection - Trials Records

Investigator: Date: _S _/_7__[{{_9‘__
Study: '
TRIAL FILES . COMMENTS
AzC B3 ,
(/q o ssond .RAW DISK g ’L/qu 54“‘2"3% 'ﬁauw’*’w}'w/dw\ w+“‘l
¢sori .POS DISK #A”‘gé$ﬂ$jﬁggkt/hmMJ’hgﬁt&L
¢
.POF DISK . .

10 530119 .raw bIsk _§_ Te%)0 6@«1';{.4.%- Q@A*@J.;m[[ggreﬁtj
§s0/118 .POS DISK At B-3
.POF DISK FPle g€t

.RAW DISK
.POS DISK
.POF DISK

.RAW DISK
.POS DISK
.POF DISK

.RAW DISK
.POS DISK
.POF DISK

.RAW DISK
.POS DISK
.POF DISK

.RAW DISK
.POS  DISK
.POF DISK

.RAW DISK
.POS DISK
.POF DISK

SSS Form #4
4/87



Calibration Data

Calibration File:
Creation Date:

Reference File:

_Sjﬁg? _________
Nogde SI
Creation Date: _2417

251

Investigator: _ _ __ _ . _ oo __ Stuwdy: __ _ o ___
FROMS: _ o Analog? ____________
AIM Alt:
C3.V1: Field of View X Y

Cam ¢ 27 _

Cam2 i % S AL
No. of Frames used in calibration:

. " camt .. /79 _ Cam2 _1351_
Average Distance: Cami 445y Cam2 _Je 546
Camera Set—-up: radius Cami L83 e Cam2 1S3

angle, ¢ .
Jtilt Cami I Camz R
height Caml _jzgﬂz, Cam2 7}£§gﬂ

—— e - . — — - —— —— —— ———— —— s —— . f— —— S — — — — — S — . T —— i T . —— _—————————- - ——— — — —

Diagram:

File Titles:

Comments:

6S5: Form #1

3/87

Olose fan’{ and = 95 sebe fetor
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Reference Creation

‘ O
Reference File: Ugg_u% 51 Disk: __'____

Creation Date:

Investigator:

Study:

Reference Description:

LED Coordinates (in mm) Detected Light Level Aperature

# X Y A Caml Cam2
1 Caml ___
2 Cam2 ___
3
4
S
6 .
7 ,
8
Analog: ,

Ch. Units Offset Scale Factor Description

1 mvV —.,9¢ LM &

2 rv —.95 _ EM s

3 :

4 - - -
5

6 -

7

8

Reference Diagram: (mark and number LED locations)

Reference plane:

front__~«_
back _____
L B
= §
7/
9 T A

For hanging reference:

SSS Form #1
4/87

Front track
Back track
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NASA DATA

" pATE: N-10-8F
SUBJECT: Feder Buaaul ‘
INVESTIGATOR(S):  Rudatd

MOVEMENT : WRIST EXTEWS100 fart wjour « hod MOVEMENT DIAGRAM:
" a) Initial position:wWuotml
b) Direction of 1st movement: E“"“"”‘
c) Definition of 1 repetition: Brieasin -

Ndas &~
WRSTFE 2, 5°
DATA FILE NAME: EEBFEL. PAT —
MYOLAB I MUSCLE GRP GAIN SCRN CH SV BL
FLEXORS
CH A XTSRS, b 12 \ 854 -.q23
CH EA G‘m"w"*"

5“5’% : 2¢s) 8SF L
MYOLAB 11 - - - (F%2 doke) _ St o378

CH A

CH B [ T
GONIOMETER DOF MEASURED SCRN CH FSV BL

JT1: WEIST EXTERSIonN =3 . 708 j.ugo

JT2:

SAMPLING RATE:2990  samples/sec MOVEMENT SPEED: MED SLOW

2000/5 * Y00 sumpliolec [cvanned
NUMBER OF REPETITIONS/SET: (

NUMBER OF SETS: =

INITIALIZED DATA FILE SIZE: 20480

COLLECTED DATA FILE SIZE: 3s4 2]

ADDITIONAL COMMENTS:
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NASA DATA

paTE: |I-10-8%

SUBJECT: ?.’Eussnll

INVESTIGATOR(S): _Rusgell E : _

old |
MOVEMENT : W rioh @mm{ ehomonen — et gavated of" MOVEMENT DIAGRAM:

a) Initial position: Muwral
2o Exiad

b) Direction of 1st movement:

c) Definition of 1 repetition:ped/Flex hmwhral . /;‘. 9:45
WRST FE el
DATA FILE NAME: SEBEES.OAT Rew = 90°
MYOLAB I MUSCLE GRP GAIN SCRN CH ESV BL
CH A EXmEpeels -1 A 1.7908 -320
ecas T oo oo m T
FLexoes S-b 2 .-308 —.683
MYOLAB II = = = = = = = = = = = = = = = = = = = = = = = = =
CH A
e
GONIOMETER DOF MEASURED SCRN CH FSV BL
JT1: Rt/ Fux /e 3 l-30% 3%
JT2:

[SAMPLHJG' Rate: 900 ] + [NUMBER OF INPUT CHANNELS ACTIVATED _§-—] =7

AMPLING RATE:_300  samples/sec MOVEMENT SPEED: MED SLOW
iperchanncl

NUMBER OF REPETITIONS/SET:__(D—CSM@( bﬂmdq,_ a{{ul“-“—sul—)

NUMBER OF SETS:__ 3

INITIALIZED DATA FILE s1zE: ROY{8e0D

COLLECTED DATA FILE-SIZE: 06B2(7%

ADDITIONAL COMMENTS:

o
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, Q M DATE: /0/2,-//8 7
SUBJECT: _ o
INVESTIGATOR(S) : P,Qu,wll < T’U«»é

MOVEMENT: -LUORT FL.EYlOQ/ eﬂ;l f Q PLHS MOVEMENT DIAGRAM:

a) Initial position 5
b) Direction of 1st movement:
c) Definition of 1 repetltlon

FLX/ EXT

DATA FILE NAME: UHXEXADT 2
MYOLAB I MUSCLE GRP  GAIN  SCRN CH - FSV BL

CH A W g | ‘0/3;7, e

CH B plvstrs a5 50 Lgsyf) —07%
MYOLAB II - - - - - e e e e e e e e e i oo oo aooo

CH A

e
GONIOMETER DOF MEASURED, SCRN CH FSV BL

JT1: MM’W"\ /MM@ 3:5 ;,7og/, R.353

JT2:

SAMPLING RATE: 00 samples/sec MOVEMENT SPEED:(FAST} MED SLOW
Jtmpim‘ ekt fchannel - 50&.»\040-0 [oce

NUMBER OF REPETITIONS/SET:

NUMBER OF SETS: S

INITIALIZED DATA FILE SI1ZE:_ [O 8400

COLLECTED DATA FILE SIZE: (53

ADDITIONAL COMMENTS: ;
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suBJECT: _P VM DATE:JQ,Z&;ZLZ___
westicator(s): P Rl = T 'Ewé .

MOVEMENT : WRLsT Frewion/ 6xTE) lm' MR PLANE \oVEMENT DIAGRAM: ;
a) Initial position:J; £18A FRS

b) Direction of 1lst movement 3 ,
c) Definition of 1 repetition: M;/J,{tndbﬁv };a ons

DATA FILE NaME: (WEX EXH . DAT

MYOLAB I MUSCLE GRP GAIN SCRN CH FSV BL

oA s, N8 ' sl s

ciB  eMewts B 4S5 2 gs5ql)  o%8
MYOLAB I1 = = = = = = = = = = = = = = = = = = = = = = - - -

CH A

i
GONIOMETER DOF MEASURED SCRN CH FSV BL

JT1: #c/wz; -L/ﬁ"w‘ 35 1¢708/1 5.353

JT2:

SAMPLING RATE: R0() samples/sec MOVEMENT SPEED: FAST @ SLOW
Sampling rake fehanne| = 40 -somplis /o

NUMBER OF REPETITIONS/SET:

NUMBER OF SETS: =1

INITIALIZED DATA FILE S1zE: /02 40 O

COLLECTED DATA FILE SIZE: 5003

ADDITIONAL MENTS

w
‘:/?{v;? -A /mfw a(xd /rw/ joy/. gmﬂ{ Aﬁuf]g %/mw/aowu,/#
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SELSPOT Data Collection - Cover Sheet

Investigator:

Study: JMS# g&?lﬂjﬁm& ,ZPYD)!"’TN'\
Date: .

Reference File: Disk: _
Calibration File: o

Subject Data:

Name: __..____.__ o = phone . -
Age Height _ ___ Weight _____
Segments Lengths: Forearm ____ Thigh __________
Upper Arm __________ Shank __________
Trunk ___ ______ Foot __________
Other: —_—
LED Setup : Body Diagram
1. CotTon of Ru\er e
2. ']}gsoF Rulerr, -
3. - \——'\__/’\
4. —_ —_— \__ _-/__;
S.
Ed
6. _ hl
7. _ -
8.

——— -—

Analog:
' (g - ¢ / iRk é;uT>
?m%mﬁg m | Erderon |

SSS Form #3
4/87
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Investigator:

259

e 2
_____ of _~__

SELSPOT Data Collection - Trials Records

Jé.vgi, BN / 14/(;»-'4.{(,:

Date: >//7 /

Study: Nasa v B
TRIAL FILES U(«h:L-Qu« éufﬁnhj Fchwﬁ§connENTS
LED! = Botow - T, Az Sepnten PR
i 3590109 JRAW DISK 3 Graunh: 3 % F
$$0199.____.POS DISK 3 I@J{E)_‘S_;_f.nﬁ.LL_ /ﬂ:~n.}-,;:_
.POF DISK
4 550180 __.raW DIsk 23 B! %Jf, Al g
S50 110 .POS DISK 23
.POF DISK
> $SO11P_ . raw pisk 23 TRE3 5u107//ﬁii‘m.”zw
.POS DISK ' _
.POF DISK
' A% Su P> Hep Gon A%
<4 5901V A__.RAW DISK 29 TREYG Susinabion | Bicen Be g
$S011 _ .pos DISK (3 2ee) | Cogokdnad. o
.POF DISK Nete : He U';.Lfo.u,.zw
S 550112 .gaw pisk &Y TRAY 5‘% [‘ﬁ.c-”m M,,'
S0/ __.POS DISK ($5ec ) Ve i
.POF DISK
b %ond o rav pisk 24 TR Jupuni e [1».%) _
_________ .POS DISK __ 4w d
e ____.POF DISK _ L
J T '5‘~ g
"y + 255115 RAW DISK 5‘ Flovmes  Exbaigme
__9_5_0_“_:/.____ POS DISK Tetd_ Sw 'u_u_’___ﬁ_‘-.""_“.i_;:_’ i
___________ POF DISK
_ﬁ- S .RAW DISK RERETA
_88olig POS DISK
POF DISK _

SSS Form #4

4/87
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SELSPOT Data Collection - Trials Records

Investigator:

- — T — — — - S —— T —— — — - o S T T T— ————— — — e — - — —

Study:
TRIAL FILES COMMENTS
- A:‘!C By L |
.9 $SO .RAW DIsk g _Tr*’1 Girping ;/lgw»«Jfflw'em.-"r‘/w.wq-,.:--:’---'
1 . : b
_¢sotn .POS DISK All Siines stk fuoved foiclbec
D / 3

.POF DISK

_§s0(18_____.POS DISK Aoy 3
.POF DISK sFih. wedf

10 %011 % ___.raW DISK _5_ TR"ID Gnpui ;..m.\-Lm&.w#ﬂ;wv,’f?

.RAW DISK
.POS DISK

.POF DISK

.RAW DISK
.POS DISK
.POF DISK

.RAW DISK
.POS DISK
.POF DISK

.RAW DISK
.POS DISK
.POF DISK

.RAW DISK
.POS DISK
.POF DISK

.RAW DISK
____________ .POS DISK
.POF DISK L

SSS Form #4
4/87
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NASA DATA

: /U//é'/g 2
SUBJECT: _{/ @u%&[/ PATE ’
~ INVESTIGATOR(S) : ‘ﬁm ﬂtmﬂ/{ %[H(_Zn/s R

MOVEMENT: thumly ADD/ABD w2/ e conhaetom MOVEMENT DIAGRAM,:
a) Initial position:ABduct ED P oA

m

b) Direction of 1st movement:/Psc 14D ) )

c) Definition of 1 repetition:%/,?D ;%LWWWZJ /&ln(/
DATA FILE NaME: [ D ﬁ}g( DA 7 (//wm/ /
MYOLAB 1 MUSCLE GRP GAIN SCRN CH

CH A ABDUCHop,

Pifises .51 _ss// TR

CH B ]

MYOLAB II = = = = = = = = = = = = = = = = = = = = = = - - -

CH A

CH B
GONIOMETER DOF MEASURED SCRN CH SV BL

JT1:

JT2:

COcop7RIEF0n/
SAMPLING RATE: o202  samples/sec MOVEMENT SPEED: FAST (MED> SLOW
L quchanm| = 200-Swmplis (e
NUMBER OF REPETITIONS/SET:

-,

NUMBER OF SETS:

INITIALIZED DATA FILE SIZE: /0 Dc)

COLLECTED DATA FILE SIZE: 870%

ADDITIONAL COMMENTS:
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NASA DATA
M DATE: X/ /5/57

SUBJECT: @ /BM 7
INVESTIGATOR(S) : P imm// 77ﬂm/ _
MOVEMENT | Thusmb ADD/ABD Jw_é/ MO\;EMENT DIAGRAM; _

a) Initial position: 0~. iA/m i

b) Direction of 1st movement: (X/ﬂaw /p

c) Definition of 1 repetition: &LL/ /4«7,@9 Wﬂ%

L rfé
DATA FILE NaME: | AD AR . DAT (/meL &écé aloli
(4o ndex -(mc‘er' saﬂwh.ﬁ ,a,ume_B
MYOLAB I MUSCLE GRP GAIN SCRN CH FSV
ppovcIeg

. pollvees . S Ll 3 ALYz 3s¢

CH B
MYOLAB II = = = = = = = = = = = = o = = = =@ = = = = = = = -

CH A

CH B
GONIOMETER DOF MEASURED SCRN CH SV BL

JT1:

JT2:

- e e em e e e e e e e e e wm ew e e oem oem e e e e e -

SAMPLING RATE: <201/ samples/sec MOVEMENT SPEED: FASTGHMED™ SLOW
L? perchannel = 200 <omples 1213
NUMBER OF REPETITIONS/SET:

NUMBER OF SETS: 5

INITIALIZED DATA FILE SIZE: /0 X 4/0&

COLLECTED DATA FILE SIZE: 73¢.2

ADDIT];NA;,(}‘;Z;% " Mﬁd/ %W%w
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NASA DATA

SUBJECT: P&wm/[ ' DATE: /0,//5/'/(5/7
INVESTIGATOR(S): P E,qu/(/ . 7 TJ%

. :
MOVEMENT : Pinity” ABD/RDD MOVEMENT DIAGRAM:

a) Initial positionfyy; AodvetoN . HM"D torRZ
b) Direction of 1st movement: ARDcc t 1oV PAI M Down

c) Definition of 1 repetition: D
46}/‘) 3-(inGeERS HElD /-ocjgf/‘_e&

DATA FILE NaME: _PABAH DAT

MYOLAB I MUSCLE GRP GAIN SCRN CH FSV Bl
CH A =
CH B aBpuctor .
woay 11 DETIEm R85 qR7
CH A
CH B [
GONIOMETER DOF MEASURED SCRN CH FSV BL
JT1:
JT2:
LSAMPLING RATE: RX00  samples/sec MOVEMENT SPEED: FASTCMED>SLOW

> Prchannel 200/ - 10D Samplu /e
NUMBER OF REPETITIONS/SET:

NUMBER OF SETS: .3 ’

INITIALIZED DATA FILE S1zE: /OR Y0P

COLLECTED DATA FILE SIZE: {09\00

ADDITIONAL COMMENTS:
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SELSPOT Data Collection -~ Cover Sheet

Investigator:

Showtdee - Abluctron / AJ&tcﬁo:\

Study: ”ksﬂ
Date:
Reference File: Disk:
Calibration File: Disk: ____
Subject Data:
Name: J.;kﬂ%ﬁ_. phone
Age Height __ ____ Weight _____
Segments Lengths: Forearm ______ ___ Thigh e
Upper Arm ___ —_ Shank _
Teunk ___ Foot ______ _ _
Other:
LED Setup Body Diagran
1. __(WelstT
2. ELRowW _ s
3. SiHuchert fnteuss
4. - ] P VH‘O
S. .
6. _ _—
7. '
8. e _
Analog:

_MiddLE DenTo12 - Pof £ND OC Hamed)

fosTerior devrai p

— lodes frlads - #nteries oelfped

SSS Form #3
4/87

266
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Reference Creation

Reference File: _fﬂi:iﬁt;zii _________________ Disk: _l}
Creation Date: __5-I14-%+ /77~
Investigator: NA’AZ/_éengm / &(,u.L\.

Study:

Reference Description: _!Lubi_ 73hcw—fj%ggﬁv

LED Coordinates (in mm) Detected Light Level Aperature

# X Y Y4 Caml Cam2
1 o___ 3515 0 I S Caml _f _
2 _Q 1052 o < 1 Cam2 _| _
3 5.:13____5_'3 e 2 1
4 r—Jd033____0O < 10
5 0 Yig ___ 58 < 9
6 Jol lg5T2 9.8% 19 L0
7 59K 51¥ 359 g g
8 59% 1082 __S¥% 9 L2
Analog:

Ch. Units Offset Scale Factor Description

1 my 9S

2

3

4 _ e e e
5 -“-—' . ’ _
6 _— _ o _ _
7 -
8 _—— - -

Reference Diagram: (mark and number LED locations)
Reference plane: [\
front _______
back _______ i
g "\\v \
z .
lf

W

SN

For hanging reference: Front traeck__________
Back track _

SSS Fornmn #1
4/87




Calibration Data

Calibration File: _NSCAL. §I4 Disk:__l > _
Creation Date: _S-19-x7 ________
Reference File: NI ReS_ Disk: 13
Creation Date: _ S-iy-%* _______
/ / 7

Investigator: jéaggrﬁéglgft ________ Study: _ _MEEH
FrRoms: oo Ha AT Analog? ___
AIM ALYt
CZ.Vl1: Field of View X Y

Caml _450__ __j@L_
Camz  _4d9°_  _H¥5_
No. of Frames used in calibration:

o Cami _190 Cam2 ~leo__
Average Distance: © Cami S5.22% Cam2 2.3 _%.2¥
Camera Set—-up: radius Camt ______ Cam2  ______

angle,¢
tilt Caml _feneg_  Cam2 None,
height Cami _34en Cam?Z 3 6eae

———— e — ———— ——— A —— — —— — T —— —— - — g ————— g T T ——————— i — ——— T ——— ——— —— —

Diagram:

File Titles:

Commente:

Form #1

[R5
~N U

mh iestt e e am e —— - —h—— — = —— o — 4ot . s ——



SSS Form #4

4/87

SELSPOT Data Collection - Trials Records
- o
Investigator: Date: :1[[1135{
Study: '
TRIAL FILES Gain COMMENTS
A — 7S
4 950101 raw pisk 11 Y Elluy Fleyiom A Biey
— 450t 0! .pos pisk _I9_ B2 Peit Eest _
.POF DISK _
' Ganhsle B*Y _
V_('_j_ $50ic2  .raw pisk 20 TR 16 Lleddn Floy o
44010 X __.POS DISK 0 £ele B2 5?71
.POF DISK __
, I . o D , :
i 5$010% " raw pisk 20 TRZil  Shodlu Elojiom
’ $4$010% .pos pisk 20 AzRice, B:D2it Fa<t
.POF DISK Dyss pim pl s L
K ‘3504‘04 Raw DIsk 20 M2 Shedde, Herom Fast
ﬁﬁjlo'f .POS DISK 2°?
.POF DISK
, GA';\dAilO %+ |
7 %50i0% .Raw pisk A AR5 Els Flig - Shedd Eley
<sso0lo4§ .pos pisk 2!
.POF DISK |
il $5210L  raw pisk 21 AL Ellgs Flo - Shdls Pl
$%50106  .pos DIsKk X] A=t B=Z
.POF DISK _ _ e
2 §50|0r—7 .RAW DISK = ’fIC“(S/ €1l (’/lag vﬁLJJ_;: Flan
3s0106%3 .pos DISK 22 _A-lb D=2 L
_________ __.POF DISK
o $50105 __.Raw DIsk is  TLP (L ¢lloy Fles -51&“}-)1\ P
$%0 (0% __.POS DISK 22 S - e
.POF DISK L —_

B
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NASA DATA !

NASA DATA o)

/5
SUBJECT: Fam %,/{W DATE: /ﬂ /3'4
INVESTIGATOR(S) : %’5"&7[%74//@%

erch

MO\II-ZMENT:f
a) Initial position: 6*-
b) Direction of 1st movement:
¥ c) Definition of 1 repetition:

Fley - €t - Flex - €t

MOVEMENT DIAGRAM:
Flu -S‘\on“ A EISabJ

DATA FILE NAME: Zdach VAT -
MYOLAB I MUSCLE GRP GAIN SCRN CH " ESV BL
cH A At pedt VRN £/
CH B
wrouap 11 - - B o 2] S £/ (Rl
A | rzc_mF 3254 2%/ -, 195
e B
GONIOMETER DOF MEASURED SCRN CH FSV BL
JT1: SHouYrER F/EXT Y = Lok Y. P67
JT2:

[SAMPLING- RATE : 092 ] < [ NumBER OF INPUT CHANNRLS ACTIVATED _5_:_] =7

AMPLING RATE:¢/60 __ samples/sec MOVEMENT SPEED: FAST @ SLOW
?.permnq¢|§ '
NUMBER OF REPETITIONS/SET:_'é__ 2 -ﬁJﬂ §d’5

NUMBER OF SETS:__ 3 344 S =5 mf//j

INITIALIZED DATA FILE S1zE: K94 F00

COLLECTED DATA FILE SIZE: 20¥%¢o &

ADDITIONAL COMMENTS:
6L\.ouliﬂ F/l..o( ’

* Elbew - F/u’
€Uov’ E#*
Elbow Flax
Shoulden Fleny

o



SELSPOT Data Collection - Cover Sheet

apn

Investigator:

Study: PISH - ikﬁiELn@

Date: JZ/éb /;Z%

Reference File:

/béiJﬂxg%..Q/d

Calibration File: Hewerl U 10

Disk:
Disk:

271

4@5;33
L#srAB

Subject Data:

Name: fve 6J5ﬂ-§ phone
Age 25 ‘ Height Weight
Segments Lengths: Forearm Thigh
Upper Arm Shank
Trunk Foot
Other:
LED Setup Body Diagram
1. %Jiu» 7=
2. __Elbew &
3. LJQHf ﬂ’
4. A \ _
5. B -
. 2 3
6. Vo~
7. T
8. I
Analog: ‘ﬁ_

?}cep /‘/'ﬂ.'.ce,p

AAnig%za+7/ ‘L;f‘I%as3

SSS Form #3
-4/87
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Calibration Data

Calibration File: _ Meweal. 710 Disk: MAsh 23
Creation Date: I [<F .
Reference File: Neogek, o Disk: slrse 23
Creation Date: - 3/w/a -
Investigator: CD&L&;. Study: _/VAsA "?iﬂlugy
7
proMs: 200 H= Analog?
AIM Alt:
C3.VI: Field of View X Y
Cami  _S¢X  _49%
S | C Cam2  _S¢Z  _§7Z
No. of Frames used in calibration:
Cami _Jog__ Cam2 _100__
Average Distance: Caml 351 Cam2 536
Camera Set—-up: radius Caml __ Cam2 __
angle,©
tilt Caml — Cam2 e
height Caml Cam2 ———
Diagram:
!

e e

Can Cam Can

——— ——

Comments:

SSS: Form #2
3/87
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Reference Creation

Reference File: /VC_V-_)/QJ Disk: MAsn 23
Creation Date: v

Investigator: __JZ[MZAQ;_ -
Study: NMAsA - ‘zQ,A(J‘..ﬁT

Reference Description:

LED Coordinates (in mm) Detected Light Level Aperature
# X Y Y4 Caml Cam2
1 0 o 0 } Caml _/_
2 [ 5.6 0 Cam2 _/_
3 550 o 0 .
4 5.0 ___s%.6 %
5 o Q A
6 Q $%.6 5%.4
7 - §5.0 — 0 SY. ¢
8 $5. 0 5.6 SY,Y
Analog:
Ch. Units Offset Scale Factor Description
. .
2
3
4
5
6 _
7
8
Reference Diagram: (mark and number LED locations)
Reference plane:
front_______
back _______ :
¢ X ™
Z
l.f
6%.6
§ L. =
5%.Y , 3
§5. 0
For hanging reference: Front track
Back track
SSS Form #1

4/87
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Camera view displiay

Camerz 1

roint i L 7
Foint 2 Iil ¢
Foimt 3 DLL 7
Feint 4 DLL 10
Pzird 5 DLL 3
Fgirt € DLL 0
Peint 7 DLL e
Point & DLL i

{zuerzy view Olseiav

o
©
Py
3
3
[
[ me)
o

Pcirnd 2 DLL 9
Point 3 DLL e
Point 4 DLL 44
Point & DLL ¢
Point & DLL 1

o v
[a]
e b
e T
-t
o ~
L= ]
r—-or-
~— r-
w

i

(3]

ny

oD

274



’ Pisle . Nes» 10 " 275
fJLuﬂxé,llD ) g bage --L—— of —_z-_
!
ch..(.q\o_ Pl Nrse 2 ;
X . SELSPOT Data Collection - Trials Records
AL A N i ' '
S¢ s y n
o Investigator: /K’/Jx //;" /L'/é,s/ Date: //t /{ﬁ__
™Mise Study: /'/Aéﬂ i g‘(’,l-(.l'._::-;_
35| ‘ :
fa TRIAL FILES . , COMMENTS
“ 7 . S’}é é M : ;'. '-7_ L/

| 5502¢C. __ .RAW DISK mses TE>! Recching - Cloed Fiol
v~ 55028, ___.POS DISK A:Bieo Z% " Gam: |X

B

1 550289 .RAW DISK Nesse TEPZ Readsing

580287 .POS DISK A-Y
.POF DISK B3 et/
' 3 550249 .RaW DISK i T3 Zee iy - ¢
SS0288 _.POS DISK Az B, s Ser”
.POF DISK B=Te = B
- 4 4%02%71 _.raW DISK Mg RPY quA gl o
550;_8@ .POS DISK SAM o Mu
.POF DISK f&os-"w»:v\
c 550299  .RawW DISK mmtf TRPY ﬁuJﬂlﬁ] v 2
'$S029» __.POS DISK
.POF DISK

( 4450929] . RAW DISK Mesl T4 ‘K:ML.’VH Cocow%u-cﬁkon
.POS DISK A= - g.)
.POF DISK B Y : T

J 540 39L .RawW DISK Musa b 1Y Dephon V'/Couj'

.POS DISK A5,
.POF DISK B Te

i 550233 _.RAW DISK sl TLY ek . o] (pren

' )
- .POS DISK A~ !
" ORIGINAL PAGE IS .POF DISK Bt T
OF POOR QUALITY

SSS Form #4
4/87

.POF DISK Bz Tricop = 3 oY seids om
t

Ooemtrachil Wt 4t \,\,..-J"



..

page _____ of _____
SELSPOT Data Collection — Trials Records
Investigator: Date: _________
Study:
TRIAL FILES COMMENTS
9 550294 .RAW DISK Nest? jzzuL k/ GJJLmJ——
.POS DISK A=B ‘
.POF DISK B I/
10 5302‘(5’ .RAW DISK Nrix? 12 F 1y ~feML..f\ J;",mo-i’L«;
— T '
.POS DISK AB. =2
.POF DISK =12 3y
N 5450236  .RAW DISK Hisn? KQAOLM«,'
1 .
.POS DISK A= AL DM =1 Gan:ix
.POF DISK B Lot Dons, =
Y !
1t 550299 _.raW pisk tae? _FReacdos pllisghyiV s
.POS DISK Az A _,
.POF DISK B2 fat Thes; v
' :
) 44029%  .RAW DISK My TET 15 Zud{x'\i
.POS DISK Az ! 0
.POF DISK B:%
M 540299 .RAW DISK masas 1cF ¥ fﬁ»f//y‘{
5
.POS DISK Az |
.POF DISK B 4
- . # - .
15 440300 Raw DISK Mesrs TS f’iqu-%
.POS DISK
.POF DISK _
16 950%0 | .RAW DISK M#n$ ?uJJNL' Cbcof{k*i"“
! -~ . . s
.POS DISK Az At Dt TS Cam=1%
.POF DISK Bt Tonsi = S50
SSS Form #4

4/87



page __ ___ of _____
SELSPOT Data Collection - Trials Records
Investigator: Date: ____ _
Study:
TRIAL FILES COMMENTS
: oL
B : :
3 550%67  Raw DISK meed i1 Bk o) lroetin!
] H
.POS DISK A LS
.POF DISK 5.0
-, . 7/ 4 !
l_ 5503275 __.RAW DISK pend T 14 Berchin of LorpsTn’n
.POS DISK A A pd
.POF DISK . Bz font. Dorzs)
9 4 T 2 19 Lr a4t
54050 .RAW DISK Nesel TR 19 ﬁQfamw} wf DposTant, . —
{
.POS DISK A< At DJF J
.POF DISK __ B pet . Doris) e
e - e !, )‘/ :
P29, 550 %06 .RAW DISK mg! K720 ?é/iol\.v\ of Tovn Tt
7
s53 355 .POS DISK m=«23y A=/ DJf
.POF DISK B2 ot Dors
.RAW DISK
.POS DISK
.POF DISK
.RAW DISK
.POS DISK
.POF DISK
.RAW DISK
.POS DISK
.POF DISK
.RAW DISK
.POS DISK
.POF DISK
SSS Form #4

4/87
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SUBJECT: M Sa/éﬁ/% — / PATE H///%yl?7
INVESTIGATOR(S)D‘/'%ﬁg - /%% .-

7
7~

MOVEMENT : REACH i & MOVEMENT DIAGRAM:

,( a) Initial position: Lytopdsp ' ,
% b) Direction of 1st movement: £; 80w ,Qm(zo;%\slﬁl.//lzzf Uexion aw 1A

%\Q“D c) Qefinition of 1 repetition;f‘lfo;\d L?é:ﬂ/?j/zi/jjku/b:ﬁ EXTENS Jop

Bv}f DATA FILE NAME: ROAcH . DAT

;ff\ MYOLAB I MUSCLE GRP GAIN SCRN CH FSV BL

' cH A Taicep, tof w5 L _ 854 =.87C
A _

:i))/ 6’ MYOLAB II = = = = = = = = = = = = = = = = = { ‘..7?% - - _%:’4 g

[ o _ ,

< & e OO T ¢ 10708, =00

% Q CH B Voskstion DSt L 7 "gélf/l -, 47C
< GONIOMETER DOF MEASURED SCRN CH FSV BL

2 GONJOMETER SCRN

X § JT1: l 3 . g5 770

L X JT2: pAw Teicep 4 e L2145

S Q) L Beep oS . wod e 32

)

:,Q\é 000

SAMPLING RATE: ., samples/sec MOVEMENT SPEED: FAST MED /SLO
"9\5(}?7&

NUMBER OF REPETITIONS/SET:__Z_ o u
NUMBER OF SETS:__ o 3 M f’“

INITIALTZED DATA FILE size: 100 K

COLLECTED DATA FILE SIZE:

| ADDITIONAL COMMENTS: .
§J—\ - Rmo PpTR NO o>  Posteron Dt of€ ScHle

A 2
i L ! !

| 3}2

L 1 \\

f .

.1 ¢ !





