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Abstract

The development, progression, and treatment of rdggive musculoskeletal
diseases, such as carpal tunnel and shoulder iewpieigt syndromes, may be better
characterized when joint motions are assessed lovey durations outside clinical,
laboratory, or rehabilitation settings that involetandardized assessment, exercise
protocols, and/or regimented movements. Assessmetihods for human movement
capture beyond laboratory or clinical experiments tgpically limited to short capture
times of less than one hour. Noninvasive, long-iomameasurements of joint motion in
occupational settings provides more insight intovement patterns and quantitative
assessments regarding joint usage, which lead&itar understanding of the cumulative
effects associated with repetitive joint motions.

A small, autonomous data logging system using s¢vebi-axial
electrogoniometers has been developed to recoeg-tfimensional joint motions over
long durations of eight or more hours (BernsteiA0®). The system was used for
measurements of the wrists and shoulders to beftaracterize upper extremity
musculoskeletal behaviors across multiple work ssité/hile the system had been
previously constructed, field use of the data loggsystem and data analysis remained
unexplored. The development of the system for mraicfield use, including sensor
placement, data processing, and validation of uregt joint movement, was the
objective of this thesis.

Fully analyzed wrist data, comparing field subjemimpleting identical tasks and
different tasks at three different work sites, dig&entified variations in joint motion.
Results indicate that progressive changes in magpaiterns can be identified using

frequency distribution histograms. Significant diffnces in measured motion exist
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between the electrogoniometer system and an oliseraamotion analysis method that
indicate the estimation of joint movement pattdrosn select durations within the work-

day captured is less than 20% of the time exceedimggnomic thresholds. Also, a

difference of 10% to 20% between the results of tthe motion assessment methods
occurs within the selected durations.

The information regarding the wrist can be analya@tiout translational issues,
but the complexity of the shoulder required morseesch to properly translate the
voltage response of the electrogoniometer into Ilsleouwposition. To clearly correlate
human shoulder movement and sensor response, anragpt was conducted with ten
known regions of angular deviation within a randed®d to 90° flexion and 0° to 90°
abduction. The accuracy of prediction of human &h&u movement based on
electrogoniometer response was limited to less 8084 within the ten selected regions.

Further analysis of the existing long-durationdielata on over 200 subjects will
lead to the development of normal and abnormal enotpattern definitions. The
guantification of variations in joint motions betsvesubjects during work tasks can assist

in identifying occupational risks.



1. Introduction

Musculoskeletal disorders, such as joint pain, @etempression, and tendon
inflammation, are the single largest category ofkamlated illness and can severely
limit worker efficiency and the working lifespancéording to the National Institutes of
Occupational Safety and Health (NIOSH), 32% ofimjlliry and illness cases involving
days away from work resulted from overexertionepatitive motion, with 55% of these
cases affecting the wrist and 7% affecting the kleyyNIOSH, 1997). The collaborative
project, The Burden of Musculoskeletal Diseases, estimates that more than 25% of the
American population has a musculoskeletal conditieaquiring medical attention, and
$849 billion is spent annually in direct and indireost for bone and joint health, which
amounts to 7.7% of the gross domestic product E}ac2008). Established risk factors
for musculoskeletal disease include repetitiongd@ul motions, vibration, and extreme
postures (NIOSH). Monitoring the occurrence of rigktors during tasks can yield
insights into the patterns of motion and aid iredetining the level of associated risk.

The most frequently used methods to analyze tepetimotion in an
occupational setting are based on qualitative elasiens by trained ergonomists or via
worker surveys (Spielholz, 2001). Observationalhods result in an estimated time for
each body segment or joint within a broadly definegion. Observational tools lead to
difficulties in reaching conclusions when compariddferent studies and data sets
because of the high variability in results betwesservers, which is caused by
differences in previous experience and level ahing (NIOSH, 1997). Other methods,
such as optoelectronic or magnetic gyroscopic matapture systems, have been shown
to be more accurate than qualitative assessmeritodget but these tools are often too

bulky and difficult to implement in a real work @ranment and often violate workplace
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safety and security requirements. In addition, geent intensive measurements also
require different analysis methods to produce imfative data.

A portable data logger for long-duration biomeclahimeasurements had been
created for field research at the University of @ecticut (Bernstein, 2008). Protocols for
use and analysis routines to characterize theprg&tion of these measurements are
defined in this thesis. A method for long-duratjomt motion capture in field settings
should identify abnormal movement patterns. Joiotiom measurements can potentially
be used to determine excessive and repetitive ginetss and fatigue as well as aid in
determining the risk of developing such disordess carpal tunnel and shoulder
impingement.

1.1  Anatomy of the Joints of I nterest: Wrist and Shoulder

The wrist is defined as the region between theadetds of the radius and ulna
and the proximal end of the metacarpal bones oh#mel (Hammer, 2007). Eight carpal
bones, intracapsular and interosseous ligamentsaanangular fibrocartilage complex
are included in wrist region as well as a serieseaflons proximal to the radio-carpal
joint that form the carpal tunnel. While each oésh components contributes to the
anatomical structure of the wrist, postural dewiasi of the wrist are measured as the
angle between anatomical structures on the dowtdce of the hand and the forearm.
The primary motions for the wrist are flexion angtemsion and radial and ulnar
deviation. Pronation-supination is a primary motidrthe elbow but is often attributed to
the wrist.

The shoulder is considered the most mobile humem, jpecause the shoulder is
four separate joints that include the acromioclabac glenohumeral, sternoclavicular,

and the scapulothoracic joints (Hammer, 2007). Emoht has unique motion and
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differentiable degrees of freedom. The overall $thucomplex is considered to have 3
degrees of freedom including flexion and extensiabduction and adduction, and

internal and external rotation. A combination @xibn and extension and abduction and
adduction is commonly termed forward flexion.

1.1.1 Relevant Musculoskeletal Disorders and Causes

Repetitive strain disorders are prevalent in wakpk that rely on repetitive
motions on assembly lines and long hours of compopait. Repetitive Motion Disorder
includes several conditions affecting the upperybaad result in pain, muscle weakness,
and other symptoms. According to the Universityvidsouri’s Handbook of Disabilities,
the root cause of these conditions are miniscalentas to either a singular or a series of
muscles, tendons, and nerves that occur in mulims&ances over a significant period of
time without allowing for adequate recovery (Stémdi2001). Repetitive and awkward
motions have been linked to repetitive motion cbads such as tendonitis. Prolonged
and extreme postural deviations of joints have bi#efimned as one of seven major risk
factors for musculoskeletal disease. Recurrentexu@ssive joint deviations have been
identified as a potential cause for shoulder andtwnusculoskeletal disorders (NIOSH,
1997).

When describing the shoulder conditions, the tework related neck-shoulder
disorders” is often used to describe an accumuiaifdraumas (Nordin, 2007). The most
common conditions related to extreme or awkwardyses include shoulder tendinitis,
humeral tendonitis, thoracic outlet syndrome, amab&ler impingement.

Carpal tunnel is a musculoskeletal condition trest imcreased in the number of
cases over the past 20 years. One of the likelyghis for this increase of cases is the

prevalence of personal computers and other hartideslices. The disorder is caused by
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narrowing of the carpal tunnel cavity from inflamtoa and edema, which leads to
impingement of the medial nerve impingement. Corsgice of the nerve leads to the
symptoms of numbness, pain and weakness in the hand

Musculoskeletal disorders can limit the range otioroof subjects and decrease
the number of years that a subject can continukingmproductively without pain. To
limit the damage to muscles, tendons, and ligamenésentive intervention can be taken
by occupational safety and health professionalsdd@rmine patterns of risk and the
need for such interventions, accurate measurenfidninean movement is necessary.

1.2  Current Methods of Joint Motion Capture

Several different observational and direct measargntechniques, for specific
types of collection environments and objectivedstefor joint motion measurement.
Manual goniometry can be accomplished using a uséegoniometer held adjacent to
the joints of interest while lined up to the appiage reference points. This method
requires a thorough understanding of human anatswell as the ability to palpate and
identify physical markers. To accomplish accuratasurements, a subject must be in a
static position for capture. The benefits are lowstcand ease of capture; however,
manual goniometry is not a viable method for captuhile the subject is working.

Visual observations with pen and paper capturegoaieal measurements of
postures within or exceeding thresholds duringipaler tasks over short periods of time.
The Posture, Activity, Tools, and Handling (PATH¥t&m, developed by Buchholz et al.
(1996), characterizes ergonomic risk factors forkwtasks with irregular cycles. By
tracking the orientation of body segments alonghwvitiol usage and grip mechanisms,
complex tasks and postures are simplified and gigentext. While observational

techniques are relatively inexpensive and minimingerference on the task or
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production, coding limitations generally requirdatevely monotonous jobs or multiple

samples. Reliability is questionable due to limitetdserver training and point of

reference uncertainties, which occur when a joirgemment moves within a plane that is
indistinguishable to the observer. For examplethd observer is viewing the subject
perpendicular to the saggital anatomical planepatioh and adduction movements can
be lost, because movement in the frontal anatonpilzade is not captured. To increase
reliability and limit variation, observational meils often use video capture to provide
additional support. Video recording can provide liayed data reliability and may allow

for faster sampling periods with two-dimensionalages, but point of reference

uncertainties in the recording can become a probfearticularly if the video camera

remains in a static position.

The most accurate and well known method of thregedsional motion capture is
optoelectronic motion capture. A minimum of tworared video cameras with high
frame rates are positioned to capture a three-draeal space. Light-emitting diodes or
retro-reflective semi-spheres serve as markersnatomically significant landmarks.
Each marker must be captured by at least two canarall times during the session to
limit point of reference issues. To verify the tifity of each marker, a complex
validation procedure must be accomplished befota dapture is initiated. Some of the
problems with optical systems are skin motion actif marker occlusion, and necessity
for a large capture volume. This method of capaise requires a significant amount of
equipment to be transported and re-calibrated deitsi laboratory setting or the re-

creation of the work environment within the laborgt Depending on the analysis



performed on the data and the capture rate, ogtoefec capture may become more
computationally intensive than observation.

Inertial and electromagnetic systems have been |lojg»@ that use pulsed
magnetic fields to identify marker positions withénthree-dimensional space. Unlike
optical motion capture methods, they are not aéfiédily marker occlusion issues. The
sensors for inertial systems are gyroscopes thatsume rotation rates whereas the
sensors for magnetic systems are more often loguéecy sensors measuring distances
from a transmitting source. Despite the differenbesveen the two systems, marker
range remains a concern for both. Limitations ariial and electromagnetic systems
include interference from other electromagnetiddBe positional drift, accuracy, and
large variations in performance at different tenapares.

Sensors for motion capture based on mechanical adethinclude
electrogoniometers. Most mechanical motion senswasure strain within a physical
link spanning the joint of interest. Mechanicalsircaused by movement is transduced
into a corresponding voltage, using a wheat-staiggé circuit, which is later converted
into a angular displacement. Such sensors can meetanslational motion in up to three
axes as well as torsion or rotation depending @ensénsor design. The limitations of
electrogoniometers include restricted range of ompticross-talk between the two
channels of a sensor, and skin-sensor slippage.p@omg these restrictions with the
benefits of an electrogoniometer system, whichuidelease of use, portability, relatively
low cost, and high repeatability, electrogoniom&tere more suited to capture

continuous long-duration measurements.



1.3 Previous Research Work

Previously tested methods for quantifying human emoent have determined
correlations between various motion capture mettasds/ell as identified the range of
human movement for the shoulder and wrist jointsafK et al. (2010) tested the knee
joint position using an electrogoniometer and twoehsional video analysis in sitting
and standing positions. The correlation betweerntwlemethods when used for standing
is between 0.94 and 0.98, with a perfect positivgetation having a value of 1.00.
Correlations for sitting experiments were much Iolecause a two-dimensional camera
setup was used and set 10° away from the plan@tdm This limitation does not apply
to three-dimensional video systems. Yen and Rad{000) demonstrated in their
comparison between an observational analysis methodl a spectral analysis of
electrogoniometer data method that the two metkodsot have a high correlation (0.53)
for posture deviation whereas the two methods ravagher correlation (0.77) for
sustained postures. The spectral analysis methedi ars the electrogoniometer data also
resulted in the identification of frequencies wittd movement cycle. The results show
that spectral analysis is a viable method for exing the root mean square deviation for
posture deviation. Yen and Radwin were the mosimprent researchers to have
conducted electrogoniometer joint measurement testhe field and presented their
work in the literature. The collection included ealrecording and was limited to times
of less than 75 minutes. Based on the length déctdn times used in these and other
motion capture studies, long-duration field data mrman movement is not readily
available for comparison.

An earlier study conducted by Yen and Radwin (1983a laboratory setting

clearly identified spectral analysis techniques aasviable method to characterize
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repetitive wrist motion in observation and electoigpmeter measurements. The
movements of the subjects were restricted and ewde of motion was delineated via
break points within the task. Sequences were lgnitea maximum of 15 minutes of
data. Limiting the motions of human subjects dureggearch studies is not possible when
exploring natural movement patterns.

In a study conducted by Peterson (1999), measutsmegarding finger and
wrist movements during keyboarding typing were gredl using excursion regions.
Peterson used an optoelectronic motion captureemyswith six cameras with
retroreflective markers place on the joints of iegt in the hand. Using a method that
mimics observational analysis, regions of motioat teixceeded thresholds were defined
as abnormal excursions and were assessed to yieiccalty valuable motion
information. Event time and area of each region walsulated in order to quantify the
abnormality of each subject’s movement, while aa@a percent area measurements
yielded a measurement of intensity for each movénmBme information captured was
limited to the typing of two sentences and did eeteed more than a few minutes of
total measurements. By using a similar analysisge® and methodology, identification
of abnormal motion within a longer capture timersed possible and is the basis for this

study.



2. Methods

21  DataLogger

A custom built data logger, which measured apprexety 21 cm by 11 cm by

4.5 cm and was attached to the subject’s waishduilata capture, was constructed to

monitor 10 sensor channels sampled at 2000 Hz @Bs=m 2008). Eight AA

rechargeable nickel-metal hydride batteries poWwerstystem, and the data is written to a

two gigabyte secure digital card in a binary forn¥die data logger and battery pack is

shown Figure 1. A functional block diagram of thecwitry of the data logger is shown

in Figure 2, where the signal conditioning includedi-aliasing filtering.

Figure 1: Data Logger and Battery Pack

Power
Battery Systems
Serial RS232 Voltage
Port Level Converter

Microcontroller

x10

|| Signal
Conditioning

Biaxial
Electrogoniometer

Event
Switch

x2

| SD Card Voltage
Level Converter

SD Card

Figure 2: Block Diagram of Data Logger System



22  Sensors
Figure 3 shows a biaxial electrogoniometer (BiomstLTD, Gwent, UK) that

measures strain in a metal element that spansthedf interest, with an accuracy of
+2°. Four biaxial sensors were used to monitomtogement of each wrist and shoulder
joint for up to eight hours. The electrogoniometessd in the study included a large and
small size for both joints, which was implementeddd on subject size and availability
of calibrated sensors. Once the sensors are motmtibe subject, the subject can work
freely without the system intruding on their wogkase or observer intervention. Sensor
performance was found to be unaffected when usdédruclothing and with most work

gloves.

Figure 3: Electrogoniometer Mounted to Calibration Device

2.2.1 Sensor Calibration

Each sensor channel was calibrated using a pracims@nual goniometer, also
seen in Figure 3, which is referred to as the dfetzalibration. The voltage reading
from each electrogoniometer was recorded after mlamanipulation through seven
angles from positive 90° to negative 90° in a ramaoder prior to data collection using

LabVIEW (National Instruments, Austin TX, v7.1).Ilear regression based on the data
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from the manual manipulation process was calculeigdlate recorded voltage to angle.
Errors that occurred during calibration were notad the observer log sheets (see
Appendix A.2).

Once the sensors were mounted upon each subjgmte-specified series of
movements were recorded for calibration of the @enbefore and after each collection
period. Movements were captured symmetrically actbe sagittal anatomic plane and
each position was held for at least five secomifetween movements, the subject was
requested to return to a resting position, whichr fihe shoulder was 0°
abduction/adduction with 0° flexion/extension andthe wrist was 0° flexion/extension
and 0° radial/ulnar deviation with the shoulder®@t forward flexion. The on-subject
calibration routine positions included maximum aefaible abduction with internal and
external rotation, 90° of forward flexion, maximuamshievable backward flexion, and
neutral (90° abduction, 0° flexion/extension) fothbshoulders. For the wrist calibration,
the neutral position (0° flexion/extension, 0° ahdinar deviation) and maximum
achievable extension, flexion, radial deviationgd ainar deviation were captured for the
wrist while the shoulders were at 90° of forwarekibn. The event switch on the data
logger was used to mark the occurrence of desiosdipns in the data.

2.2.2 Sensor Placement

Using a single biaxial goniometer, flexion and esien and radial and ulnar
deviation motions of the wrist were quantified. Floe wrist, the electrogoniometer was
placed over and in line with the middle metacagral was in a neutral reference position
when the hand was at 0° flexion/extension and didWalnar deviation. The sensor was
mounted using surgical tape in a manner that alibthe subject to achieve maximum

flexion and extension as well as radial and ulranation within the operating range of
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the sensor. The joint deviation measurements wemnéered on the dorsal surface at the
distal end of the radius and ulna at a midpointvbeh the radial styloid process and the
ulnar styloid process. Figure 4 displays threehefmounting positions that were used to

ensure full range of motion for the wrist is aclable.

'

Figure 4: Mounted Sensor Flexibility and Positioning: A) FEktension, B) Full
Flexion, C) Dorsal View of Neutral Posture

Considering the complex motion of the shouldertj@nd the placement of the
sensor, a single biaxial electrogoniometer can ealyture motion in two perpendicular
planes. The center of joint deviation was placedvabthe head of the acromion. For
placement on the shoulder, the electrogoniometsrm@unted in a straight line when the
arm is at 0° abduction/adduction and 0° flexiorgegion. The sensor was in the neutral
reference position when the arm is at 90° abductiath 0° flexion/extension and
mounted in a manner that limits twisting and unssaey strain.

2.3  Subjects

Across multiple research studies, the joint motioh238 subjects have been
collected using the electrogoniometer data logggstem. The results of participants
from three field sites, described in Table 1, thadrticipated in the “Aging,
Musculoskeletal Disorders, and Work Capacity Ptdj@dlIOSH 5R010H008929) were
selected as exemplars. Subjects were excludedrfguiarities in the data collection
process, including, but not limited to, sensor aistection, sensor breakage, low battery
voltage of the data logger, or multiple files witldata collection session.
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Table 1. Descriptions of Selected Sites
Site 1 Paper Mill
Site 2 Tool Manufacturer
Site 3 | Aerospace Component Manufacturer

For Site 1, the data for each subject were prodesdull waveforms as well as
separated observation windows. The analysis of naividual subject performing a
packing task was highlighted, and average resdltfowr subjects with the same job
description were calculated. Also, the averagenefi8 subjects from that particular site
was also determined.

In addition, the results measured during six okatéya windows for two subjects
performing identical tasks at Site 2 was compatedgawith three observation windows
of three specific tasks at Site 3.

24  Field Usage Protocols

Each biaxial goniometer has two output channels,eresheach channel
corresponds to a plane of motion. Each channeloaBisrated to a particular data logger
prior to initiating a field measurement becausehef variability in the instrumentation
amplifiers within the data logger. Acquisition pwobls for field usage of the system
required a minimum data collection time period &f ®inutes and a minimum of 2
PATH observation windows within each collection ipdr A stopwatch recorded the
time of each visual observation window within thél ftapture period. The stopwatch
time and event switch press was noted on the obséryg (see Appendix A.1l). During
the capture of joint motion using the electrogoraten data logging system, visual
observational assessments were taken in 15-minutdows several times over the
capture period as defined by the PATH protocol (#gmpendix A.2). Postural

assessments were taken at 30-second intervalgptoregositional information for the
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whole body, such as the neck position and elboutipnsThese joints and body postures
are not measured by the electrogoniometer systpeti& note was taken of glove type
and use if the subject wore gloves. An event switel pressed at the beginning and end
of every PATH window as well as other notable esemicluding breaks, returning to
work, sensor placement adjustment, etc.

Sensor breakage was noted during the calibratioor go field usage and
cataloged to develop system lifetime estimates, clwhtypically occurs due to
mishandling or improper mounting. Component breakags also cataloged, including
breakage of the cables connecting the sensoretdata logger, the circuit components
within the data logger, and detaching of the poegemectors. These issues arose during
normal use of the data loggers in a field sett@ther recorded data included the hours
captured, corrupted data files, and segmentedfiieéa Corruption and segmentation of
the data files occurred due to software issuesinvitte data logger or accidental removal
of the SD card during normal usage of the datadogg

25 DataAnalysis Process

The analysis routine was created in Matlab (MattksoNatick MA, 2010b), and
the first step of the data analysis was the coiwmersf the data through various
representations as is outlined in Figure 5.

The data output from the data logger is in a biridgeyformat, which is converted
into twelve ASCII files that represent the voltameput of the system by using a C-based
program (Bernstein, 2008). The twelve files inclddkchannel files, one event log file,
and one information file. The information file camis the slope and intercept values

measured during the on-table calibration regregsesformed with LabVIEW.
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1 Info File, (8 Data Files, 1 Figure File)‘ Windows
1 Event Log) 1 Event Log) x 8 Files)

Displacement
Curve Analysis
Process

Figure 5: Data Analysis Process 1: File Conversion

After the data are converted to the ASCII data firrthey were re-sampled from
2000 Hz to 120 Hz using a polyphase filter impletaeon with a 10th order least-
squares linear-phase FIR filter and Kaiser windgwiBach sensor channel file then
underwent a fast Fourier transform to identify tregquency components present in the
signal. Any significant frequency spikes above 19 iRdicated an error with the file
(most often due to sensor breakage) and the abséhigher frequency spikes served as
verification that the data were meaningful.

In the next step, the corresponding linear regoes each data file was applied,
in order to translate the voltage response of émsar into angular position. The second
program of the analysis process, as seen in Fiyusas applied after this step.

Each channel file was then cropped into the logg&dH windows via the use of
an event marker. If the event marker was not ptesetie data but was recorded in the
log sheet, it was artificially inserted into thetalaising the time reference. Each window
was isolated in such a manner that ensured noolodata. The second program in the
data analysis process can also be applied aftest#p, as well (Figure 6).

Due to the lack of clarity of shoulder sensor bétraithe analyses performed in

the second program of the analysis process weferperd only on the wrist data. Once
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the behavior of the shoulder sensor is accuratesigedhed, the subsequent data will be
processed in an equivalent manner. The analysiguvasn the full data capture files as
well as on each isolated PATH window. Figure 6 shdie flow chart for the second
data analysis program, which vyields frequency itistion and excursion information
(see Appendix A.3). This procedure is completedr fiimes for the full data set per

subject and then repeated four times for each wiedadata set.

. Open Generate Data for Excursions for Upper & Lower Threshold
Displacement
Curve Data
File
Determine
Identify Data Start_ and Calculate Calculate
Tri?;ﬁgfds > StopE'I;thes of No— Region Time —» Percentages
Calculate (Excursions) Excursion & Area & Statistics Generate
Total Time & Region Angular
Total Area of —» Histogram &
Displacement 4 Statistical
Curve Yes Descriptors

A

Remove Time
Point

Establish &
Plot Data with
Thresholds

Save Figures
& Data Files

Figure 6: Data Analysis Process 2: Displacement Curve Ansligsi Frequency
Distribution and Excursion Information

After opening the data file, the off-subject nelpasition of the sensors to the
on-subject neutral positions of the sensors wameatl to remove sensor offset. The on-
subject calibration was used to identify the resgoof the sensor at the neutral position
of the wrist. By subtracting the average angle @aitithe on-subject calibration before
and after the data collection, the sensor offset l@anoved in a manner that also adjusts
for sensor drift.

The next step isolated the excursion regions, whiehregions where the signal
exceeds the thresholds established by the PATH amesan. The thresholds are +/- 15°

for flexion and extension and +/- 15° for ulnar andial deviation of the wrist.
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When determining the excursion regions, instancéerav a singular point
exceeded the threshold resulted in an error. Tevialie this issue, the program ensures
that if the start and stop times of a region aemittal, the time point is removed from the
excursion data set.

For each excursion region, the total percentagamaf and the total percentage of
area exceeding abnormal thresholds were extracted the electrogoniometer signal.
From the PATH data, the total percentage of time ba estimated based on the
cumulative observations and was used for compariSonsideration of total deviation of
the wrist without directionality was taken into aoat for determining the percentage of
time values.

The last function of the data analysis was a simafatstical analysis of the file to
extract features from the angular displacementecimeluding the range, mean, mode,
standard error, kurtosis, skewness, and a frequeisiyibution histogram of angles
present. All of the statistical information reganglifrequency distribution and excursion
region measurements was stored in ASCII text fdeguture analyses.

For the several of the presented displacement suthe patterns of repetitive
motion were visually isolated from within the PAMindow waveforms as examples of
the system’s capability to reliably track repegtimotions.

2.6  Validation of Data Capture and Analysis Process for Wrist Motion

The constructed analysis program was validatel aitontrolled experiment on
one subject, where one calibrated electrogoniometer mounted on the right wrist. A
manual goniometer was used to measure the maximagerof motion achievable for
flexion and extension and radial and ulnar deviatibhe subject was then asked to

displace the wrist to the maximum position threee for ulnar and radial deviation of
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the wrist and for flexion and extension. After emsg the data capture and analysis
method was valid, the data analysis processes $seton 2.5) was applied to the
subjects outlined in Section 2.3.

2.7  Validation for Shoulder Motion

To date, the sensors have only been applied tolddmouse to identify specific
postures. In order to analyze shoulder sensortdaygeld the specific angles of flexion
and extension and abduction and adduction, extensalidation of shoulder motion
collected by the sensors is required. After thedadibn, the data analysis process of
Section 2.5 can be applied.

Ten repeated trials of a single randomized testewsmmducted as a regional
proprioception test, where the data were markedhbyevent switch when the desired
position was reached. In each test, the subjectngasicted to move only the upper arm
and to limit torso movement. The initial positiorasvdefined as 0° flexion and 90°
abduction, which is also described as 0° forwaedxidin. Also, 0° to 90° of forward
flexion and 0° to 90° of abduction was the maxinmamge to be tested within the scope
of this study.

For the regional proprioception test, the subjeas$ wsked to move their arm into
one predefined region of three levels of abductidduction and three levels of flexion-
extension as defined in Table 2. After each movértlensubject was asked to return to
the initial position, and for each trial, four dagaints were collected within each region.
The measurements were analyzed in several waysiding base voltage values, yaw-
pitch angles, and spherical coordinate transfoonati A basic maximum likelihood

estimator with normal Gaussian distributions wasduso predict the sensor location
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based on electrogoniometer response, in orderateststally determine accurate region
definitions for the overlapping sensor responséerey

Table 2: Regions Used in Shoulder Proprioception Test

Region 0 = Neutral Position, Extension / Flexion
0° Forward Flexion Frontal (~90°) | In-between (~45°)| Adjacent(~0°
. High (~0°) 7 8 9
AA%%“u‘g{%“n’ Medium (~30°) 4 5 6
Low (~60°) 1 2 3
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3. Results
31 Field Use Statistics

The monthly use and sensor failure of the electmamueter data logging system
is shown in Figure for three separate research studies and a to28&®subjects. The
electrogoniometers that broke per month during uke of the data logging system
included 20 large wrist sensors, 13 small wristssesy and one small shoulder sensor.
Based on the system usage and the sensor breadgprdsented, it was predicted that

approximately seven subjects, 50 hours, or 10 dagse captured by one wrist sensor.
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Figure 7: Monthly Field Use and Sensor Failure of Electrogameter Data Logging
System

The malfunctioning or failure of components of tekctrogoniometer data

logging system are listed in Table 3 and was captduring system use from December

2008 to March 2011.
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Table 3: Data Logger Parts Malfunction Occurrence

Part # of Occurrences

Battery Terminal 43
Microprocessor 1
Instrumentation Amplifiers 7
Power Resistors 2
Power Switch 1
Sensors 34

Sensor Cords 12

3.2  Validation of Data Capture and Analysis Process for Wrist Motion

In order to validate the data analysis processfuli range of wrist motion was
measured using a manual goniometer and the electimgeter data logging system in
the laboratory, where the values for the maximumiea@ble position for each wrist
motion were measured manually and are present@dbie 4. Wrist flexion and radial
deviation are presented as negative displacemevritde wrist extension and ulnar
deviation are presented as positive displacemeiittinwthe analysis protocols. The
tables and figures that result from the data amalysocess follow the protocols
introduced by Peterson (1999) for complex distgargextremity movements.

Table 4: Manual Goniometer Measurements for Subject
Range of Motion

Wrist Motion  |Maximum Achievable Position (deg)
Flexion -84
Extension 74
Radial Deviation -18
Ulnar Deviation 44

Three cycles of maximum flexion followed by maximwtension of the right
wrist over 14 seconds are plotted in blue in Figdirand three cycles of maximum ulnar
deviation followed by maximum radial deviation dktright wrist are plotted in blue in
Figure 10. Each plane of motion (e.g. flexion/egten or radial/ulnar deviation) was

measured separately. In Figure 8, samples of ewturegions are highlighted by black
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circles, while the directions of each motion withime plot are highlighted by blue
arrows. The orange lines represent the threshdlebsaf +15° and -15°.

The results of the data analysis process for eatst wotion exceeding upper
thresholds are presented in Table 5 for extensimohTable 8 for radial deviation, while
motions exceeding lower thresholds are present8dhlote 6 for flexion and Table 9 for
ulnar deviation. The area beneath the displaceroente while above the abnormal
threshold, which is defined as the excursion regia, is indicative of the intensity of
movement beyond a threshold.

In addition to information regarding excursion k&g, the data analysis process
also outputs statistical information about all Hregles presented in the waveform. The
data measured during the validation test is presegtaphically in histograms, which can
be seen in Figure 9 for flexion and extension nmstiand Figure 11 for radial and ulnar
deviation motions. Descriptive statistics derivednf the frequency distribution of the
angles seen in the histograms is shown in Tabte fidxion and extension motions and

Table 10 for radial and ulnar deviation motions.
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Table 5: Upper Excursion Regions (Extension) for Validation

D

SO C OO

Region _Start I_Event Area Peak T_ime Area
Time (s) | Time (s) | (deg-sec)| (deg) Ratio (%) | Ratio (%)
1 3.36 1.69 78.17 79.34 12.25 11.04
2 7.03 1.66 77.67 79.81 12.06 10.97
3 10.79 1.96 91.75 79.23 14.24 12.96
Total 3 Regions 5.31 247.61 38.56 34.96
Average 1.77 82.54 79.46 12.85 11.65
Maximum 1.96 91.75 79.81 14.24 12.96
Minimum 1.66 77.67 79.23 12.06 10.97
Table 6: Lower Excursion Regions (Flexion) for Validation
Region _Start I_Event Area Peak T_ime Area
Time (s) | Time (s) | (deg-sec)| (deq) Ratio (%) | Ratio (%)
1 1.37 1.84 -97.71 -75.42 13.31 -13.8(
2 5.18 1.73 -90.64 -73.71 12.56 -12.8(
3 8.81 1.84 -96.25 -73.93 13.37 -13.5¢
Total 3 Regions 5.41 -284.57 39.24] -40.1
Average 1.80 -94.87 -74.35 13.08 -13.3
Maximum 1.84 -90.64 -73.71 13.37 -12.8(
Minimum 1.73 -97.71 -75.42 12.56 -13.8(
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Table 7: Histogram Statistics of Wrist Flexion/Extension Yalidation

Statistic Value
Mean (deg) -3.21
Median (deg) 0.36
Mode (degq) 71
Standard Deviation (deg) 23.95
Kurtosis 44.57
Skewness 6.06
Range (deg) 155.23
Minimum (deg) -83.16
Maximum (deg) 72.07
Total Time (sec) 13.78
Total Area (deg-sec) 708.25
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Table 8: Upper Excursion Regions (Ulnar Deviation) for Valiibn

Region _Start I_Event Area Peak T_ime Area
Time (s) | Time (s) | (deg-sec)| (deg) Ratio (%) | Ratio (%)
1 1.29 1.85 39.83 45.25 13.43 14.52
2 5.37 1.64 31.84 43.61 11.88 11.60
3 9.05 1.59 29.74 41.88 11.51 10.84
Total 3 Regions 5.07 101.42 36.82 36.96
Average 1.69 33.81 43.58 12.27 12.32
Maximum 1.85 39.83 45.25 13.43 14.52
Minimum 1.59 29.74 41.88 11.51 10.84
Table 9: Lower Excursion Regions (Radial Deviation) for \daliion
Region _Start I_Event Area Peak T_ime Area
Time (s) | Time (s) | (deg-sec)| (deq) Ratio (%) | Ratio (%)
1 3.65 1.22 -3.48 -14.33 8.83 -1.27
2 7.40 1.23 -3.73 -14.35 8.89 -1.36
3 11.02 1.59 -1.97 -12.51 11.57 -0.72
Total 3 Regions 4.04 -9.18 29.29 -3.34
Average 1.35 -3.06 -13.73 9.76 -1.11
Maximum 1.59 -1.97 -12.51 11.57 -0.72
Minimum 1.22 -3.73 -14.35 8.83 -1.36

25



160 . .

140

120

100

80

60

Number of Occurences

40

20

-10 0

Figure 11: Histogram of Radial/

Table 10: Histogram Statistics of Wrist Radial/Ulnar Deviatifor Validation

10 20 30
Angle (degrees)

Ulnar Deviation for Validation

40

Statistic Value
Mean (deg) 7.22
Median (deg) 0.13
Mode (deg) -16
Standard Deviation (deg) 37.42
Kurtosis 6.20
Skewness 2.13
Range (deg) 59.61
Minimum (deg) -18.71
Maximum (deg) 40.89
Total Time (sec) 13.78
Total Area (deg-sec) 274.38
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3.3 Long-Duration Wrist Motion Results
3.3.1. SitelData

Each channel of data for a selected subject is showFigure 12, where the
vertical lines indicate presses of the event switching the data logging session. From
the full displacement curves, the 15-minute obgermawindows were isolated. Figure
13 displays a sample of data demonstrating a teepattern that was taken from the
full waveforms of the right wrist (Figure 12). Tihestograms of the angles measured in
each observation window and the full displacementes are shown in Figure 14, where
each motion is presented in separate columns.

Table 11 presents the excursion data for radialudndr deviations while Table
12 presents data for flexion and extension. Eable tdisplays the results measured
during the full waveform as well as the averagehef data assessed during observation
windows, where the number of windows is given byThe first section of the table
presents results for the upper excursion regiors lawer excursion regions, and the
statistical data that describe the histogramsaseated after the excursion regions.

Table 13 and Table 14 display the average excudaa and histogram statistics
for the full waveforms and average observation wims of four packers from Site 1. The
average number of observation windows collectedszcthe four packers (i.e., n Avg.)
was 4.50 windows. The histograms for the three tewtdil packers are shown in
Appendix A.4.

The average results for excursion regions and gnato statistics for 18 subjects
at Site 1 are shown in Table 15 and Table 16. Nerage number of observation

windows collected for the 18 subjects at Site &.,(in Avg.) is 3.22 windows. The
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individual excursion region and histogram datadach subject is included in Appendix

A.5.
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Table 11:Wrist Motion Statistics of Select Packer for Radlidthar Deviation

Subject 01

Full Waveform

Windows (n=7)

Right Left Right (Avg.) Right (S.D.) Left (Avg.) Left (SD.)
- 2 Max. Excursion Time (sec) 56.30 22721 25.76 11.37 2782 7.75
= % Max. Excursion Area (deg-sec) 2426.95 383939 84359 300.77 1178.53 64497
5 ; Total Excursion Time (sec) 5878.93 11570.03 346.37 129.28 594.64 171.85
e = Total Excursion Time (%) 32.03 63.03 5.42 5.68 9.16 9.94
E E: Total Excursion Area (deg-sec) 89616.46 234271.69 5996.94 2453.27 12927.67 4090.83
- = Total Excursion Area (%) 2812 4918 33.54 577 51.36 311
'Aé Max. Excursion Time (sec) 8146 51.29 8.39 6.03 538 3.27
= E Max. Excursion Area (deg-sec) -1516.43 -5370.36 -136.08 78.03 -63.92 69.12
é ; Total Excursion Time (sec) 257930 846.26 105.88 39.50 3283 8.87
= ‘1_" Total Excursion Time (%) 14.05 461 1.66 191 0.48 0.52
g 2 | Total Excursion Area (deg-sec) -34875.31 -71356.76 -1400.52 727.65 -29931 12191
~ 5 Total Excursion Area (%) -10.94 -1.54 -8.51 499 -1.22 0.39
= Mean (deg) 6.17 22.72 8.93 4.69 2423 314
% - Median (deg) 5.23 20.18 7.74 6.13 22.46 3.82
g :é Mode (deg) -3.00 16.00 7.71 2197 2157 6.92
T % Maximum (deg) 7423 14504 68.86 222 92 68 545
E E Minimum (deg) -80.75 -57.67 -69.64 6.95 -46.98 5.37
o B Range (deg) 154.98 202.71 138.50 6.34 139.66 6.23
; ‘E Standard Deviation (deg) 14860.43 14261.14 729.86 173.26 748.00 136.97
5 Skewness 1.00 1.53 0.88 031 142 0.04
/e Kurtosis 2.77 4.58 2.73 0.77 6.28 6.51
Table 12: Wrist Motion Statistics of Select Packer for Flexiéxtension
o g Full Waveform Windows (n=7)
Subject 01 - - - -
Right Left Right (Avg) Right (SD)) Left (Avg) Left (SD)
z Max. Excursion Time (sec) 4771 41.13 2112 1823 1.66 2.10
- % Max. Excursion Area (deg-sec) 603.71 361.61 212.15 211.13 18.59 29 64
% g Total Excursion Time (sec) 375943 59461 222.46 146.92 18.52 28.13
; b Total Excursion Time (%) 2048 3.4 220 0.94 0.51 0.92
= ,%: Total Excursion Area (deg-sec) 29504.02 3505.22 1837.29 1601.32 12295 195.15
= Total Excursion Area (%) 14.79 1.12 16.36 9.56 1.34 2.14
g Mazx. Excursion Time (sec) 82.78 101.03 493 3.30 37.82 24.89
% Max. Excursion Area (deg-sec) -976.39 -1756.66 -50.92 64.72 -563.33 471.25
é ; Total Excursion Time (sec) 1247.46 8814.63 47.46 50.28 47748 316.29
2 K Total Excursion Time (%) 6.80 48.02 1.09 1.79 4.02 1.15
; Total Excursion Area (deg-sec) -7605.43 -107682.03 -268.71 267.62 -6112.90 5467.47
;, Total Excursion Area (%) -3.81 -34.44 -2.99 2.63 -30.20 19.65
Mean (deg) 445 -13.89 6.28 3.62 -16.93 11.21
T . Median (deg) 3.92 -14.16 6.34 6.03 -16.86 11.10
g é Mode (deg) 2.00 -20.00 5.00 8.14 -14.14 11.52
E § Maximum (deg) 66.66 62.03 4761 794 28 49 11.13
_: E Minimum (deg) -93.78 -92.35 -44 44 2234 -58.11 19.15
; % Range (deg) 160 44 154 38 92.04 2641 86.60 11.07
E’ § Standard Deviation (deg) 2125151 18428 68 128316 280.01 147333 338.06
;5‘_' = Skewness 1.54 1.04 1.00 0.61 1.47 0.73
Kurtosis 410 2.50 3.25 1.79 5.29 486
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Table 13: Wrist Motion Statistics of All Packers at SingleéeSior Radial/Ulnar

Deviation
Subjects (n=4) . Full Windows (n Avg.=4.50)
Right Left Right (Ave) | Right(SD) | Lefi(Avg) | Lefi(SD)
= E Max. Excursion Time (sec) 111.58 128.09 31.85 14.61 36.78 15.04
g= § Max. Excursion Area (deg-sec) 273559 361031 760.67 386.64 85382 463.85
5 ; Total Excursion Time (sec) 6130.25 6922.19 361.13 68.45 376.90 107.02
D._ K Total Excursion Time (%) 4047 4233 11.01 9.59 10.18 2.04
_g E: Total Excursion Area (deg-sec) 94148.69 130329.49 5846.86 1613.54 6900.26 237481
T2 Total Excursion Area (%) 30.95 3425 31.29 4.11 35.74 3.57
= z Max. Excursion Time (sec) 65.36 4431 18.11 12.64 6.91 2.87
é % Max. Excursion Area (deg-sec) -1372.16 -692.52 -301.22 324.02 -108.59 38.86
E ; Total Excursion Time (sec) 2094.64 2071.92 115.13 3294 117.27 16.82
= E Total Excursion Time (%) 1444 15.22 315 261 372 338
2 £ | Total Excursion Area (deg-sec) -23905.85 -24378 66 -1359.29 72899 -1381.45 15854
) Total Excursion Area (%) -8.96 -9.06 -8.11 3.70 -7.63 0.76
g Mean (deg) 9.21 10.63 10.33 2.64 12.11 2.09
g, Median (deg) 857 835 961 341 921 298
g E Mode (deg) -1.00 3.50 997 1224 11.14 1073
= \/\E Maximum (deg) 70.62 86.81 63.85 230 67.36 4.74
E E Minimum (deg) -75.72 -65.20 -60.62 3.28 -55.05 3.58
S & Range (deg) 14634 152.02 124.48 411 122.40 6.70
_: ‘E Standard Deviation (deg) 1282755 2538.69 86934 23404 903.77 213.78
= Skewness 0.82 0.97 148 0.61 175 101
~ Kurtosis 242 3.18 6.60 3.55 841 6.44

Table 14: Wrist Motion Statistics of All Packers at SingldeSior Flexion/Extension

o Full Windows (n Avg.=4.50)
Subjects (n=4) - -
Right Left Right (Avg) Right (5.D.) Left (Avg.) Left (S.D.)
E Max. Excursion Time (sec) 35.54 58.11 11.81 8.38 12.83 7.94
g E Max. Excursion Area (deg-sec) 451.30 543.05 81.11 59.25 139.30 128.02
] ; Total Excursion Time (sec) 2100.65 2465.10 107.67 60.07 14632 20138
£ ") Total Excursion Time (%) 1199 17.97 232 125 513 4.66
= & Total Excursion Area (deg-sec) 14738.90 15815.50 689.30 483.06 1037.77 307.09
2| Total Excursion Area (%) 824 8.84 7.50 3.04 847 195
E Max. Excursion Time (sec) 59.80 4335 815 327 15.32 10.74
- E Max_ Excursion Area (deg-sec) -666.60 -384.20 -147.70 46.86 -185.18 146.19
g ; Total Excursion Time (sec) 1941.85 2739.19 136.24 26.24 148.41 96.35
E L: Total Excursion Time (%) 15.04 15.73 414 374 1.66 0.50
3:" Total Excursion Area (deg-sec) -17520.64 -29895.45 -1365.84 270.19 -1671.25 144525
= Total Excursion Area (%) -8.45 -11.00 -8.66 1.39 945 5.74
Mean (deg) -0.08 1.04 0.61 2.18 22 3.57
T . Median (deg) 0.07 0.80 123 2.40 0.08 3.53
& 2 Mode (deg) 0.25 2,50 1.54 324 0.10 474
g 2 Maximum (deg) 57.69 68.44 35.34 4.73 3187 404
3 e Minimum (deg) 4907 5155 3278 6.98 3500 726
z § Range (deg) 106.76 119.99 68.13 930 66.89 555
‘2 Z|  Standard Deviation (deg) 24305.46 21978.24 1805.19 44487 1789.44 44730
g T Skewness 133 136 156 064 163 0.42
Kurtosis 3.60 3.75 6.50 2.76 6.71 2.50
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Table 15: Wrist Motion Statistics of Population from Sitedr Radial/Ulnar Deviation

- Full Windows (n Avg.=3.22)
Subjects (n=18) - - —
Right Left Right (Avg.) Right (S.D.) Left (Avg.) Left (SD.)

- 2 Max. Excursion Time (sec) 146.91 144.74 44.00 22.09 58.15 29.89
= z Max. Excursion Area (deg-sec) 3770.69 3911.16 1076.27 639.61 1457.69 853.02
5 ; Total Excursion Time (sec) 4990.29 354411 41449 76.90 451.25 88.19
a K Total Excursion Time (%) 4235 45.02 10.15 7.03 11.53 851
_E: E: Total Excursion Area (deg-sec) 78834.71 108605.13 6421.18 1779.01 8870.54 2330.81
-2 Total Excursion Area (%) 3191 36.70 3299 5.04 38.74 4.86
- 2 Max. Excursion Time (sec) 8477 66.39 13.94 13.40 1823 9.67
% E Max. Excursion Area (deg-sec) -2179.54 -1746.45 -345.62 471.49 -338.04 246.56
z, ; Total Excursion Time (sec) 1586.16 1434.48 85.82 37.36 89.91 30.54
= ‘1_-‘ Total Excursion Time (%) 12.33 12.15 1.92 1.29 201 1.26
32 £ | Total Excursion Area (deg-sec) -22231.83 -21246.16 -1191.93 829.56 -1139.21 527.59
® = | Total Excursion Area (%) 919 864 693 418 639 254
= Mean (deg) 995 12.55 11.81 385 14.90 3.97
% - Median (deg) 9.44 11.66 11.35 4.09 14.16 483
g E Mode (deg) 3.67 13.17 9.32 9.66 11.26 13.67
T % Maximum (deg) 75.59 85.17 65.49 3.73 70.44 4.57
E E Minimum (deg) -76.40 -70.17 -62.67 5.81 -57.18 413
=) Range (deg) 151.99 15535 128.16 773 127.62 6.82
_: ‘E Standard Deviation (deg) 10811.19 10492 81 103636 20311 1013 .55 177.00
5 = Skewness 135 131 167 0.63 181 0.62
/e Kurtosis 450 438 6.93 418 7.52 375

Table 16: Wrist Motion Statistics of Population from Sitedr fFlexion/Extension

: Full Wimdows (n Avg=3.22)
Subjects (n=18) - - - - -
Right Left Right (Avg) Right (SD) Left (Avg.) Left (SD.)
z Max. Excursion Time (sec) 90.38 8435 2540 14.99 16.23 10.12
- :;, Max. Excursion Area (deg-sec) 1073.97 86224 283.68 147.10 12833 113.08
2 g Total Excursion Time (sec) 2653.93 1853.48 201.26 49.05 111.87 41.69
; = Total Excursion Time (%) 21.70 14.40 572 439 3.29 284
= E: Total Excursion Area (deg-sec) 2408271 10280.90 1786.64 32735 61583 250.05
= Total Excursion Area (%) 12.10 6.78 11.17 2.19 532 2.19
E Max. Excursion Time (sec) 61.52 70.78 15.29 8.64 2546 9.65
% Max. Excursion Area (deg-sec) -731.05 -1154.33 -179.48 12818 -394 40 241.05
é g Total Excursion Time (sec) 1316.52 1763.87 120.80 38.38 143.95 52.67
E” : Total Excursion Time (%) 1239 1471 279 191 2.14 0.69
g Total Excursion Area (deg-sec) -10031 .46 -19599 58 -989.10 42851 -1915.93 798 86
5 Total Excursion Area (%) -6.80 -10.28 -7.09 2.80 -10.24 345
Mean (deg) 344 -0.83 3.68 243 -1.79 3.03
I Median (deg) 3.80 -1.14 4.40 2.60 -1.92 3.19
= ; Mode (deg) 3.72 -1.72 5.29 3.72 0.30 4.90
E § Maximum (deg) 6230 69.02 3739 347 3296 518
pt E Minimum (deg) -39.35 -50.12 -27.52 .22 -37.94 5.62
:I': %ju Range (deg) 101.65 119.14 65.12 5.26 70.90 8.39
= B Standard Deviation (deg) 19990.87 19776.32 1979.78 32405 1958.93 362.36
Eu = Skewness 1.58 1.71 1.66 0.54 1.65 0.50
Kurtosis 5.04 581 647 285 637 264
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3.3.2. Site2 and 3 Data

Subject 1 and Subject 2 represent two individualisgl identical tool assembly
tasks at the same work site (Site 2). This padicaksembly task is estimated to repeat
approximately 200 times throughout one work daybg worker. Subjects 3, 4, and 5 all
exemplify individual tasks taking place at Sitewdere Subject 3 used a small electric
handheld grinder to grind machine parts, Subjeased a screwdriver to fasten different
circuit boards together during and assembly procasd Subject 5 assembled switch
components using a screwdriver and pliers.

Three cycles of repetitive actions in multiple asbl processes are shown in
Figure 15, where patterns of motion for four diffet tasks, machine board grinding, tool
assembly, circuit board fastening, and switch abbgnare displayed. Each cycle of
motion is separated by vertical black lines. Movem#resholds for the wrist are
indicated by orange horizontal lines, and the thokbs values coincide with the
thresholds of the PATH protocol, which were +/- & wrist flexion/extension and +/-
15° radial/ulnar deviation. Data for task B (toesseambly) was collected from the Subject
1 at Site 2, whereas data for task A, C, and D wefkected from the three subjects at

Site 3.
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A) Machine Board Grinding B) Tool Assembly
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Figure 15: Right Wrist Joint Movement Repetition during Varsotiasks for Three
Cycles: A) Machine Board Grinding, B) Tool AssemiB) Circuit Board
Fastening, and D) Switch Assembly

For two subjects doing similar assembly tasks, laloreviated selection of the

mean joint movement statistics for six observaindows are presented in Figure 16

for the left and right wrist joints of Subject 1daBubject 2. The direction of flexion and

extension and radial and ulnar deviation are ddfinghin the title of the figure and the

left and right joint for each subject is displayed different color.
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A) Ulnar [-] / Radial [+] Deviation B) Flexion [-] / Extension [+]
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Figure 16: Angular Position Statistics for Wrists of Two Sutige
during Identical Task: A) Ulnar / Radial Deviation
B) Flexion / Extension
Table 17 displays the percentage of time exceeelithgr threshold value for the
wrist joints of Subject 1 and Subject 2. Resultsrfrsix observation windows for each
subject are shown as measured by the data loggercampared with the PATH
observations.
The average results for all six observation windovisthe ratio of all the
excursion regions to the total displacement curea @& displayed in Tabl&8 for both

subjects performing identical tasks when exceetiegupper and lower threshold. Data

for all individual windows of percent area is pnesien Appendix A.7.

35



Table 17:Percent Time Exceeding Movement Threshold for lidahTask

Total Time: Time (%) | Time (%) | Total Time Total Difference
93 Minutes Exceeding| Exceeding (%) Time (%) Between
Upper [+] | Lower [-] | Exceeding | Exceeding| Totals (%)

Threshold | Threshold | Threshold | Threshold

Subject | Wrist | from Data | from Data from from Data

Logger Logger |Observation| Logger

L Right 8.39 7.34 43.00 15.73 27.27
Left 13.38 15.12 51.00 28.50 22.5
) Right 8.05 1.82 22.00 9.87 12.13
Left 0.57 13.11 13.00 13.68 -0.68

Table 18: Percent Area Exceeding Movement Threshold for idahTask

Total Time: Flexion [-] / Extension [+] |Radial [-] / Ulnar [+] Deviation
93 Minutes (%) (%)
Abnormal Subject] Right Wrist Left Wrist Right Wrist Left Wrist
Excursion
Upper 1 19.24 38.40 4.82 0.19
Region [+]] 2 42.19 0.34 0.78 1.06
Lower 1 -11.96 -3.50 -4.85 -20.17
Region [-] 2 -0.83 -53.68 -6.20 -8.99

The average of angular position statistics, inclgdnean, median, and mode, for
three observation windows of the wrists during ¢hddferent tasks is presented in Figure
17. Statistics for the left and right joints ane three subjects are identified in separate
colors. In Appendix A.8, the movement histograms & three windows and both
movements of each wrist during three distinct tdsksll three windows are shown.

In Table 19, the average percentage of time exngeglther threshold value for
both wrist joints during the three manufacturingk& is shown for three observation
windows. Percentage values measured by the datgerdand estimated by the PATH

observations are included.
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Figure 17: Angular Position Statistics for Wrists for Threebgacts
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during Three Different Tasks: A) Flexion/Extension

Skewness

B) Radial/UInar Deviation

Table 19:Percent Time Exceeding Movement Threshold for Deffie Tasks

Total Time: 47 Minutes Total Time (%) Total Time (%) Difference
_ Exceeding Threshold |Exceeding Threshold Between

Task Wrist  |from PATH Observation| from Data Logger | Totals (%)
Machine | Right 34.00 25.38 8.62
Grinding Left 26.67 27.46 -0.79
Circuit Right 13.33 37.81 -24.48

Board

Fastening Left 13.67 39.27 -25.6
Assembling| Right 23.33 13.09 10.24
Switches | | eft 17.67 14.59 3.08

For three observation windows, Table 20 presergdtio of the sum of all the

excursion regions to the total displacement curea.aUpper abnormal excursion regions

exceed +15° and lower abnormal excursion regionsexk-15°.
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Table 20: Percent Area Exceeding Movement Thresholds forelDeffit Tasks

, , Flexion [-] / Radial [-] / Ulnar [+
Total Time: 47 Minutes Extension H (%) Devgaation (%)[ ]
Abnormal Task Right Le_ft Right Le_ft
Excursion Wrist Wrist Wrist Wrist
Machine Grinding 23.36 47.68 1.81 0.43
R(;;i’gﬁr[ 4| Circuit Board Fastening| 5145 40.71 12.80 7.99
Assembling Switches 33.99 21.99 11.38 1.38
Machine Grinding 9.86 0.32 0.49 1.08
Rgg;’(‘)’ﬁr[_] Circuit Board Fastening|__2.41 7.70 058 |  18.63
Assembling Switches 5.40 10.94 0.40 12.62

34  Validation of Shoulder Motion

The results for the left shoulder of two volungeeusing the same
electrogoniometer sensor with similar mounting poss during proprioception are
presented below. The mean value for each regionessured by the electrogoniometer
is shown in Figure 18, where the error bars show a® defined by the manufacturer
specifications. Figure 24 in Appendix A.6 shows #mmilar plots with maximum and
minimum value bars instead of error bars.

The data measured by the sensor was translatedphtical coordinates via the

following transformation equations assuming a raditi100mm for visualization of the

sensor performance.

X =r-cos ) - cos (-¢ + 90) ()
y =r-cos ) - sin (-9 + 90) (2)
z=r-sin @) )

where 0 is the pitch output ang is the yaw output of the sensor and the origin is
considered to be the fixed block of the sensor remiabove the acromion. Figure 19A
displays a three-dimensional plot of a sample tahslated to spherical coordinates

while Figure 19B and Figure 19C show the planawsief the same plot.
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The results from the Gaussian distributions andimam likelihood estimator

show accuracy ranging between 0% and 80% depepditige region, in Figure 20.

2
A) ;
A
5
— € ’
o -
o /
b
& L 4
= 4
o -10 & L
Eﬂ 11 @ 'S
< -12 L 4
; 13
= 4 . 4 I
15
1€ ?
1/ 1
-18
1 0 1 2 3 4 5 6 7 8 9 10
Region
A6
B) .
-8
E‘ L9
@ L 2
:_." -50 ®
)
o 51 & *
bo
g = * 9
< L 4 . 4
29 2 S
(-9
-54
-55
-56
1 0 1 2 3 4 5 6 7 8 9 10
Region

Figure 18: Mean Shoulder Electrogoniometer Results of 20 3rial
with Region Definitons: A) Pitch Angle & B) Yaw Athgy
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4. Discussion
4.1  System Limitations

Based on the number of subjects collected andhtimeber of sensors broken in
the course of the field studies (Figure 7), themestion of seven subject measurements
per sensors excludes laboratory tests and doesaptire how many hours were captured
per wrist sensor. A decrease in the breakage dosgroccurs after April 2010, which
coincides with the switch from small wrist electoogpmeters to large wrist
electrogoniometers. Of the 34 sensors that havedbd replaced, only one sensor was a
shoulder sensor which supports the hypothesiseztiarge due to improper mounting and
care. A second possible reason for wrist sensakige is calibration procedures and
subject usage exceeding the manufacturer’s recochedemumber of sensor cycles,
which is more difficult to accurately estimate. \Iléhisensor breakage was a major
resource issue due to the cost of the sensorsch st electrogoniometers was typically
available to replace the broken sensor with a newtfoning electrogoniometer.

As seen in Table 3, excluding the electrogonionsetdtre most frequent system
components to malfunction or break were the battergninal connections, the cords
connecting the sensors, and the instrumentationlifiena Re-soldering the battery
terminal, which can be considered trivial in terofigime and cost, arises as a prominent
issue in the field when a soldering iron is notdigaavailable. While part breakage of
the system throughout the studies is not significadentifying the breakage of
components, such as the cords and amplifiers, nhnb@ determined in the laboratory
either prior to or post data collection. If the quonent fails during mounting or motion

capture, there is no indication until the datarscpssed.
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The amount of time required for data processing dimits the system
capabilities. Variations in data logging captureds present an obvious restriction due to
size of the files. For a single channel file, thegessing time can range from ten minutes,
for a 15-minute observation window, to up to 3.®mitsofor data logging capture times of
five hours. An additional variable is the quantitfyexcursions regions and the size of
each region which is unknown when initiating theéadprocessing. The differences in
excursion region can cause one channel of dataeéd mn hour of processing time
whereas another channel of data may take threeshBegardless of the time limitations
established by the Matlab data processing codejay be possible to increase the
efficiency of the process by using the multipleesoavailable in newer data processing
computers. Parallel processing was found to beviadile due to the recursive nature of
the analysis code.

4.2  Validation of Data Capture and Analysis Process for Wrist Motion

The validation results for wrist motion capturetibé maximum range of motion
match the manual goniometer measurements as sdeali@ 4. A difference of less than
10 degrees is seen between the average peak moteasired by the electrogoniometers
and manual goniometer. The program also correddtifies three excursion regions per
threshold. Deviation between the demonstrated as@sored maximum range of motion
for each joint motion can be explained by subjesafqgyrmance and/or errors commonly
associated with manual goniometric measurements.

The resulting histograms from the validation te=s$pecially for flexion and
extension in Figure 9, demonstrate similaritieghe histogram of a sinusoidal curve,
which is to be expected from the sinusoidal natoireghe displacement curve. The

disparity between duration times for each maximwsitpn and the changing frequency
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at which each motion was performed causes the tslighations seen in the data
histograms when compared to sine waves.

4.3  Long-Duration Wrist Motion
4.3.1 Individual, Task Description, and Site Comparisons (Site 1)

When analyzing the data logging output for anvidiial, the quantity of results
is sizable but can be tailored for specific comguams. The results shown for the selected
packer represent the outputs for each subject &atly demonstrate the amount of
information than be garnered from the system amdlyais process.

For data sets that do not include figures of tretdgrams, the statistical values
presented in the tables can be used to interpeeshiape of the distribution. The mode
will indicate where the highest peak is located) Hre median will indicate the center of
the distribution. For a normal Gaussian distriboitithe mean, median, and mode equal
zero, while kurtosis equals three and the skewegssls zero. Kurtosis values greater
than three indicate more outliers and thereforgydortails on frequency distributions.
Kurtosis values less than three indicate fewerienstl which yields a distribution with
higher peaks. Positive skew values indicate distiams favoring values greater than zero
and leaning toward the right, whereas negative skedues indicate distributions
favoring negative values and leaning toward the [Bfiese principles can be observed
when comparing the results of the full waveforntdgsams in Figure 14 to the motion
statistics found in Table 11 and Table 12.

In Figure 14, the patterns of shift in the positibistograms as the windows
progress are apparent. Flat distributions with datgles, seen for radial and ulnar
deviation, instead of the more short-tailed kudadfistribution, seen for flexion and

extension, demonstrate more abnormal deviations.shiift of the peak of the histogram
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away from or toward O degrees when progressing fnondow 1 to window 7 may be
related to increasing fatigue.

The motion statistics for the selected packer stppiee hypothesis that a
histogram mean closer to or exceeding the abnothrakhold values corresponds to
larger total excursion areas as seen from ulnaiatiem of the left wrist in Table 11 and
flexion of the left wrist in Table 12. When compagithe results of total percent time of
the excursion regions for either direction of motidhe average of the observation
windows only represents approximately 10 to 20 @arof the full waveform values.
The difference is most likely due to the arbitraglection of windows during the day
long data collection session. This disparity, hogreis not true for the total percent area
exceeding the abnormal thresholds, which is ovenestd by 15 percent for every
motion except flexion.

The selected packer shows results that are higkeotal excursion time and area
percentage results of all packers for radial améudeviation of the left wrist and lower
for flexion extension of the left wrist. For thehit wrist, the flexion results are the only
larger values when compared against the averageepathe cumulative assessment of
these statistics between an individual and a tasiping of multiple subjects can yield
insight into individual preferences while performisimilar tasks.

When comparing the results of all the packers @4aBl and Table 14) against the
site population data (Table 15 and Table 16), thekers demonstrate similar total
percent excursion areas (i.e., £2%) for every nmoéircept extension of the right wrist in
the full waveforms. The upper excursion region® alemonstrate larger total excursion

time percentages for the packer.
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4.3.2 ldentical Task (Site 2)

While the results from the full displacement curwesrsus the observation
window curves shown in the results of the Site fnjgarisons demonstrate that only a
small percentage of motions measured during tHeMaveforms are represented in the
observation windows, abbreviated data comparingsorements during the observation
windows allow for comparisons between the electnigmeter data logging method and
the PATH method.

From Figure 16, a clear comparison can be made eagtwtwo subjects
completing similar work tasks. Wrist flexion andtexsion for Subject 2 shows an
average angular position that is 10° greater tha®@ibject 1 during the same task, which
indicates more extreme flexion and extension pmsstifor Subject 2. Subject 1 shows a
mean position of approximately 0° with the rightstwversus ulnar deviation of 10° for
the left wrist when examining radial and ulnar @an whereas the right and left wrist
for Subject 2 show a mean position of 5° ulnar agen. The results for Subject 2
indicate more symmetrical motion patterns than &athj.

Table 17 demonstrates a difference of greater 18 occurs when comparing
the observational data and electrogoniometer deith, only the exception of the left
wrist for Subject 2. Despite this disparity, botatal sets demonstrate larger excursion
durations for Subject 1, which indicates that Scibje has a greater preference for
extreme flexion and extension and radial and ulleatation.

For Subject 1, the percent area for flexion ane@msibn of both wrists is notably
higher in the upper region indicating the prefeeernd extension, whereas Subject 2
demonstrates joint deviations exceeding the thitdshwith the right wrist for both planes

of movement. The percentage area calculations leTE8 show a large area percentage
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for extension of the right and left wrist for Sultjel but only a large area percentage
during extension of the right wrist for SubjectAlso, ulnar deviation of both wrists is
more prevalent for both subjects, which may indidae job task demands wrist postures
with large ulnar deviations regardless of subjeefgrence.

4.3.3 Different Tasks (Site 3)

For flexion and extension motions, the angles ke Wwrist are greatest for the
right wrist during circuit assembly and for thetlefrist during machine grinding. The
switch assembly task shows large values of radidl winar deviation motion for both
wrists. The differences in the motion may indicatpattern of performance specific to
each task.

The PATH observations shown in Table 19 appearverestimate, by 5% on
average, very fast repetitions, as seen in asseghbWitches, and very slow repetitions,
as seen in machine grinding. For repetitions thatirabetween, as seen in circuit board
fastening, PATH observations appear to underestirbgit25%. The results of percent
time exceeding the threshold indicate that diffex@nclusions can be reached based on
the method of classifying motion because of theogppy patterns in PATH observation
versus data logging.

In Table 20, circuit board fastening demonstrabeslargest percentage of upper
excursion regions for extension, radial, and uldeviations of the right wrist whereas
assembling switches demonstrates the largest gagenf lower excursion regions for
flexion and extension. The results indicate a pesfee for extension and radial deviation
of the right wrist when fastening circuit boardsstes flexion and ulnar deviation of the
left wrist when assembling switches. Differencedaminant hands will play a role when

examining the intensity results but were not predidor these subjects.
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4.4 Shoulder Motion Validation

There is a large region of overlap between allrdgions seen in Figure 18 and
Figure 24 (Appendix A.6) that demonstrates theidliffy in discerning which region a
particular point falls using any of the statistioathods. In both the yaw and pitch sensor
channels, a 1° region exists where the measureteé awgrlaps more than 6 of the
possible 10 regions. The results indicate that mfeximum percentage of accurate
predictions is approximately 80% for any regiondaime regions with the lowest
accuracy for prediction are the regions of medilbdugtion and adduction, which are
Regions 4, 5, and 6. At the values between themdiregions, the cross-talk of the two
sensors channels may be less relevant as a sdieoen

The spherical transformations of the sensor outpustal that distinctions within
the sensor behavior are clearly observed in bathagsl views. Processing the spherical
data with a similar maximum likelihood estimatoredanot increase the viability of this
method, because the overlap between sensor réstits large to accurately distinguish
the regions. Despite the position of 90° abducaod 0° flexion expected to be easily
interpreted by the sensor, the XY planar plot destrates that the sensor estimates the
motion to be approximately 15° greater.

Repeating this test methodology with fewer regiand more subjects may yield
better results. Since the selected method for amgyshoulder position is not based on
the particular subject but instead a calculatedstedion that ignores error caused by
abnormal placement of sensors or sensor slippage (eie to perspiration in the course
of a capture session), a method using informati@mfthe calibration procedure

performed by the subject may be more valuable.
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A second analysis of the data accounting for aiostaf the coordinate system of
the sensor may also yield more insight into the abelr of the shoulder
electrogoniometer. While the sensor is placed tmlzestraight line at 0° flexion and 90°
abduction, human anatomy requires the sensor tiltbé approximately 45° from the
transverse anatomical plane. Subtracting thisiomtdtom the sensor measurements and
accounting for the cross-talk between the chanmelg result in an accurate depiction of
shoulder movement.

45  Improving System Accuracy

The accuracy of this method of data capture isatjorelated to the precision of
sensor placement and calibration of the sensohersubject. Issues known to affect the
accuracy include but are not limited to chargehaf batteries, proper formatting of the
SD cards, connecting the correct sensors to thagsigned channels, and ensuring that
the cables are connected. A different calibratexhhique that aims to capture particular
postures may yield more accurate measurementspatition, but this method would
require a more thorough understanding of eachliaslg observed.

4.6  FutureElectrogoniometer Data Logging System Directions

The final data analysis routines will run on albpgcts who have undergone
electrogoniometer data logging, which to date i8 &@3bjects, but only results regarding
select subjects from the NIOSH 5R010H008929 stumpyufation have been presented
(see Section 2.3). After the cohort of data is yel, classification of normal and
abnormal human performance patterns can be detedntonyield predictive models of
behavior and disease.

In order to calculate velocity and acceleratiometiderivatives of the positional

data must be taken. Exploration of angular veloaitg angular acceleration data for both
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the wrist and the shoulder may vyield insight irtigue and repetition during a task or
through the course of the day.

The time frequency of reoccurrence for each moversignature is unique to the
task and ranges from over a minute to approximabely second in Figure 15. The
highest frequency task is the switch assembly heddwest frequency task is machine
grinding. This phenomenon occurs because of tHerdiices between tasks as well as
the difference between how individuals perform theks. The patterns of repetitive
motion during different tasks shown in Figure 1mdestrate that each task has a unique
pattern of motion and that variation occurs withie selected cycles. While visual
analysis of a longer waveform can identify repetifi wavelet analysis and
decomposition can provide more insightful and aameasurement into the repetitive
motions within the full waveforms. A major limitath of identifying repetitious
movements using wavelet analysis is knowledge efdépeating signal (mother wavelet)
for identification before the analysis is conduct@ce the base signal is defined, the

signature can be scaled and shifted for detectitmmthe data.
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5. Conclusions

With the increasing occurrence of musculoskeletalries and the cost associated
with the diseases across occupations, informaggarding the onset and progression of
upper extremity human movement disorders is vatialdhile short duration field tests
and laboratory optoelectronic motion capture meshexist, predictions based solely on
those results have not yielded significant insigtt musculoskeletal disease occurrence.
An electrogoniometer and custom-built data loggstesn has been developed in order to
monitor long-duration human movements in real-wagettings beyond the laboratory.

Field usage has found the electrogoniometer dajgirlg system to be a viable
method of motion capture that is only limited by tlife span of the expensive wrist
sensors, which can be extended through proper mpimeand handling. Large scale
comparison in human performance between subjexdkst and a full site demonstrate
significant differences in movement patterns, whiokay lead to estimation of
musculoskeletal risk for each subject or each thgkrpretation of data from using the
electrogoniometer on the shoulder has had limifédaey to date, but may yield better
results with further validation using a second fafmotion capture (e.g., optoelectronic
methods).

The data that have been collected can ultimatelydssl to create an extensive
database of normal and abnormal wrist and shouidevements, as defined by
established thresholds, to better understand tmeulative effects of repetitive joint
motions. By standardizing movement thresholds amthalizing data against pre-defined
intervals of time, long-duration joint movements sdibjects can be quantitatively

characterized and compared in greater detail. tigag®ns into angular acceleration may
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provide additional insight into performance andgioly reveal quantifiable symptoms of
fatigue beyond the evidence seen in progressigiémecy distributions.

Using the quantitative results of the electrogoreten data logging system along
with information from industrial ergonomists, hygists, and designers, workplace
design, worker training, and/or tool selection t@modified to reduce the risk of joint
degeneration. The efficient and long term use isf $fistem can lead to adaptable models
of human performance and, ultimately, minimize bi@mechanical risks associated with

various occupations that have high incidence ofaulaskeletal disorders.
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A.1  Mock Electrogoniometer Data Logging System Lo&heet

Page 171 First Name: John Last Name:Doe

Date: 12/ 31/ 2010 Site: UCONN Health Center  Subject #01

Study Participant [X] Yes[ ]No  Survey [X] Yes| |No  Physical [X] Yes[ | No
Job Title: Technician Dept. #999

Box #7 Sensor Set #6 Cord Set #5

Sensor Mounted by:Jane Doe

PATH Observation by: Jane Doe

D

Clock Timer |PATH |Task Memo
Box On Test
Box Off Test File 1
9:00 AM 0:00:00 Box On
0:00:30 X Start Calibration
0:02:30 X End Calibration Followed Protocol — 24 PATH Pesss
9:03 AM 0:03:00 Box Off File 2
9:04 AM | 0:00:00 Box On
9:06 AM 0:02:10 X Start Work Blending truck door panels using lar
grinding wheel. Lifts panel, tapes over idecttion
number, blends edges. When completed, lifts dot
finished rack. Replaced grinding wheel ~ 20 min.
0:40:55 X Start PATH Window 1 — Blended 2 door panels
9:44 AM | 0:56:25 X End PATH
10:11 AM 1:10:16 X Coffee Break
10:32 AM 1:26:32 X Return to Work Continue blending truck door panel
1:31:07 X Loose wires. Added extra tape to left wrist senso
10:43 AM 1:38:43 X Start PATH Window 2 — Blended 1 door panel and
10:59 AM 1:55:13 X End PATH replaced grinding wheel.
11:29 AM 2:27:21 Box Off
11:30 AM 0:00:00 Box On
0:00:35 X Start Calibration
0:02:40 X End Calibration Followed Protocol — 24 PATH Pesss
11:34 AM|0:03:10 Box Off File 3
2 PATH Windows — 3 Data Files
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Sample PATH Form

A.2
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A.3 MATLAB Code

function

[Fs,neutral,UT,LT,UTarray,LTarray,AngStat,AngOvéelE GDLdatanalysisFULL (input
filedirectory,filenumber,channelnumber,outputdicegtUT,LT,neutral)

Y%example

[Fs,neutral,UT,LT,UTarray,LTarray,AngStat,AngOvéaE GDLdatanalysisFULL('C:\
My Documents',5,2,'C:\My Documents\Output',15,-15)9

% Function: EGDLdatanalysisFULL - Analyzes a fulletectrogoniometer data
% logger displacement curve file to determine u@yet lower excursion
% regions and histogram information. Saves 5 aultififiles.

% Inputs:

% inputfiledirectory=Directory Where Input Filesearocated

% filenumber=Number of File to be Analyzed

% channelnumber=Number of Channel to be Analyzed

% outputdirectory=Directory to Store Output Files

% UT=Upper Threshold Angle

% LT=Lower Threshold Angle

% neutral=Angle Response from Calibration duringited Mounting Position

% Outputs:

% Fs=Measured Sampling Rate

% neutral=Angle Response from Calibration duringifked Mounting Position

% UT=Upper Threshold Angle

% LT=Lower Threshold Angle

% UTarray=Upper Threshold Excursion Region Fulldat

% LTarray=Lower Threshold Excursion Region Full ®at

% AngStat=Histogram Statistics of Data

% AngOverall=Angle Occurence Data to Generate lgrstms

% Figures: thresholdplot=Plot of Channel Data Witliesholds, histogram=Histogram
Plot

% Files: UTstat.txt=Upper Threshold Statistics, tatsxt=Lower Threshold Statistics,
histstat.txt=Histogram Statistics

closeall

tic

%% Read In File
if filenumber<10

datafilename=[inputfiledirector¥)000000hum2str(filenumber), rCH num2str(channel
number), ANG.txt];
else

datafilename=[inputfiledirector¥)00000'num2str(filenumber),rCH,num2str(channeln
umber);, ANG.txt];
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end
fid=fopen(datafilename);
datao=fscanf(fid%og %g;[2 inf]);
fclose(fid);
datao=datao’;
Fs=1/(datao(2,1)-datao(1,1ysHz
data=[datao(:,1),datao(:,2)-neutrél}; Reset Data to Neutral Position
%% Overall Calculations
AMax=max(data(:,2))oMaximum Value of Data
AMin=min(data(:,2));%oMinimum Value of Data
Time=max(data(:,1))}oTotal Time of Data
TArea=trapz(data(:,1),abs(data(:,2)))T otal absolute Area under Data Curve Based on
Defined Neutral as O
%% Establish & Plot Data with Thresholds
figure(Name,'Data Plo)
set(1litag,' Data Plod;
UTp=UT*ones(length(data),1);
LTp=LT*ones(length(data),1);
neutralp=zeros(length(data),1);
plot(data(:,1),data(:,2))
hold on
plot(data(:,1),UTpy','LineWidth',3);
plot(data(:,1),LTpy','LineWidth}3);
plot(data(:,1),neutralix--','LineWidth'3);
xlabel(Time (sec)
ylabel(Angle (deg)
hgsave([outputdirectory-',num2str(filenumber)CH',num2str(channelnumbeéthyreshol
dplot])
%% Upper Excursion Regions
UTd=[]; %Upper Excursion Region Data
UTt=[]; %Upper Excursion Region Time
for a=1:length(data}oldentify Data above Upper Threshold

if data(a,2)>=UT

UTd=[UTd;data(a,2)];
UTt=[UTt;data(a,1)];

end
end
if isempty(UTt)==1

UTarray=No Upper Threshold Excursion Regigns'

UTstat=0;
else
UTstart=1;%Upper Excursion Region Start Time
UTend=[]; %Upper Excursion Region End Time
for b=1:length(UTt)-1%Identify Upper Threshold Excursion Region Stad &bop Time
Indicies

if (UTt(b+1,1)-UTt(b,1))>1/(Fs-1)
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UTstart=[UTstart,b+1];
UTend=[UTend,b];
end
end
UTend=[UTend,length(UTt)];

delind=[];
for b=1:length(UTstart)oldentify indices to be deleted because start toultémes are
equivalent

if UTstart(b)==UTend(b)

delind=[delind,b];

end
end
c=length(delind)%Delete indices because start and stop times aireatent
for b=1:c

UTstart(delind(c))=[];

UTend(delind(c))=[];

c=c-1;
end

UTr=[]; %Upper Threshold Excursion Region
UTET=[]; %Upper Threshold Excursion Region Time
UTArea=[]; %Upper Threshold Excursion Region Area
UTPeak=[];%Upper Threshold Excursion Region Peak
UTst=[]; %Upper Threshold Excursion Region Start Time
UTtr=[]; %Upper Threshold Excursion Region Time Ratio
UTar=[]; %Upper Threshold Excursion Region Area Ratio
numerr=0;
for c=1:length(UTstart)

UTr=[UTr;c];

UTst=[UTst;UTt(UTstart(1,c))];

UTET=[UTET;UTt(UTend(1,c))-UTt(UTstart(1,c))];

if isscalar(UTt(UTstart(1,c):UTend(1,c)))

numerr=numerr+1;
else

UTArea=[UTArea;trapz(UTt(UTstart(1,c):UTend(1,c)fd(UTstart(1,c):UTend(1,c))-
uT)J;
end
UTPeak=[UTPeak;max(UTd(UTstart(1,c):UTend(D;eneutral];
UTtr=[UTtr;(UTt(UTend(1,c))-UTt(UTstart(1,c))jime*100];
UTar=[UTar;trapz(UTt(UTstart(1,c):UTend(1,c)fd(UTstart(1,c):UTend(1,c))-
UT)/TArea*100];
end
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UTstat=[sum(UTET),sum(UTArea),0,sum(UTtr),sum(UTam@an(UTET),mean(UTAre
a),mean(UTPeak),0,0;max(UTET),max(UTArea),max(UTKP€0;min(UTET),min(UT
Area),min(UTPeak),0,0];
UTheader={Region,'Start Time (sec)Event Time (sec)Area (degree se¢Peak
(degree)Time Ratio (%) 'Area Ratio (%};
UTtot={"Total,length(UTr),sum(UTET),sum(UTAred)sum(UTtr),sum(UTar)Average'
,,mean(UTET),mean(UTArea),mean(UTPeak),mean(UTtgmidTar);Maximum;",m
ax(UTET),max(UTArea),max(UTPeak),max(UTtr),max(Ufadinimum’,",min(UTET),
min(UTArea),min(UTPeak),min(UTtr),min(UTafJotal
Time!",max(data(:,1)),",","; Total Curve Areg",", TArea,,","};
UTarray={};
for d=1:length(UTstart)

UTarray(d,1)={UTr(d)};

UTarray(d,2)={UTst(d)};

UTarray(d,3)={UTET(d)};

UTarray(d,4)={UTArea(d)};

UTarray(d,5)={UTPeak(d)};

UTarray(d,6)={UTtr(d)};

UTarray(d,7)={UTar(d)};
end
UTarray=[UTheader;UTarray;UTtot];
end
%% Lower Excursion Regions
LTd=[]; %Lower Excursion Region Data
LTt=[]; %Lower Excursion Region Time
for a=1:length(data)oldentify Data below Lower Threshold

if data(a,2)<=LT

LTd=[LTd;data(a,2)];
LTt=[LTt;data(a,1)];

end

end

if isempty(LTt)==1
LTarray=No Lower Threshold Excursion Regians'
LTstat=0;
else
LTstart=1;%Lower Excursion Region Start Time
LTend=[]; %Lower Excursion Region Stop Time
for b=1:length(LTt)-1%ldentify Lower Threshold Excursion Region Startl &top Time
if LTt(b+1,1)-LTt(b,1)>1/(Fs-1)
LTstart=[LTstart,b+1];
LTend=[LTend,b];
end
end
LTend=[LTend,length(LTt)];
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delind=[]; %ldentify indices to be deleted because start soytames are equivalent
for b=1:length(LTstart)

if LTstart(b)==LTend(b)

delind=[delind,b];

end
end
c=length(delind)%Delete indices because start and stop times aireatent
for b=1:c

LTstart(delind(c))=[];

LTend(delind(c))=[];

c=c-1;
end

LTr=[]; %Lower Threshold Excursion Region
LTET=[]; %Lower Threshold Excursion Region Time
LTArea=[]; %Lower Threshold Excursion Region Area
LTPeak=[];%Lower Threshold Excursion Region Peak
LTst=[]; %Lower Threshold Excursion Region Start Time
LTtr=[]; %Lower Threshold Excursion Region Time Ratio
LTar=[]; %Lower Threshold Excursion Region Area Ratio
for c=1:length(LTstart)
LTr=[LTr;c];
LTst=[LTst;LTt(LTstart(1,c))];
LTET=[LTET;LTt(LTend(1,c))-LTt(LTstart(1,c))];
LTArea=[LTArea;trapz(LTt(LTstart(1,c):LTend(])LTd(LTstart(1,c):LTend(1,c))-
LT)I;
LTPeak=[LTPeak;min(LTd(LTstart(1,c):LTend(1)#Hheutral];
LTtr=[LTtr;(LTt(LTend(1,c))-LTt(LTstart(1,c)))lime*100];
LTar=[LTar;trapz(LTt(LTstart(1,c):LTend(1,c))id(LTstart(1,c):LTend(1,c))-
LT)/TArea*100];
end
LTstat=[sum(LTET),sum(LTArea),0,sum(LTtr),sum(LTanean(LTET),mean(LTArea),
mean(LTPeak),0,0;max(LTET),max(LTArea),max(LTPe@J);min(LTET),min(LTArea
),min(LTPeak),0,0];
LTheader={Region,'Start Time (sec)Event Time (sec)Area (degree se¢Peak
(degree)' Time Ratio (%) 'Area Ratio (%};
LTtot={'Total\length(LTr),sum(LTET),sum(LTAred)sum(LTtr),sum(LTar)Average"
,mean(LTET),mean(LTArea),mean(LTPeak),mean(LTtrgnieTar),Maximum;,",max(
LTET),max(LTArea),max(LTPeak),max(LTtr),max(LTarinimum’,",min(LTET),min(
LTArea),min(LTPeak),min(LTtr),min(LTar)Total Time,",max(data(:,1)),",","; Total
Curve Areg",", TArea,,",'};
LTarray={};
for d=1:length(LTstart)
LTarray(d,1)={LTr(d)};
LTarray(d,2)={LTst(d)};
LTarray(d,3)={LTET(d)};
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LTarray(d,4)={LTArea(d)};
LTarray(d,5)={LTPeak(d)};
LTarray(d,6)={LTtr(d)};
LTarray(d,7)={LTar(d)};
end
LTarray=[LTheader;LTarray;LTtot];
end

%% Histogram Calculations
figure(Name,'Histogram
[AFreq,Ang]=hist(data(:,2),floor(AMin):1:floor(AMay);
hist(data(:,2),floor(AMin):1:floor(AMax));
set(2tag; Histogram;
ylabel(Number of Occurencgs'
xlabel(Angle (degreeg)’
xlim([floor(AMin)-.5 floor(AMax)+.5])
hgsave([outputdirectoryf-',num2str(filenumber)CH',num2str(channelnumbeéh)istogra
m])
AngOverall=cell(length(Ang)+1,2);
AngOverall(1,1)={Angle (degreegy’
AngOverall(1,2)={Number of Occurencgs'
modeD={};
moded=[];
for d=1:length(Ang)

if AFreq(d)==max(AFreq)

modeD=[modeD,Ang(d)];
moded=[moded,Ang(d)];

end

AngOverall(d+1,1)={Ang(d)};

AngOverall(d+1,2)={AFreq(d)};
end
AngStat={Mean,;sum(data(:,2))/length(data(:,2ptandard
Error,std(AFreq)/sqrt(length(data(:,2)iedian;median(sort(data(:,2))Mode;modeD;
Standard Deviatiofstd(AFreq)Sample
Variancevar(AFreq);Kurtosis,kurtosis(AFreq)skewnessskewness(AFregdRangeA
Max-
AMin; 'Minimum',AMin;'Maximum;AMax; Sum,sum(data(:,2));ount;length(data(:,2))
¥
%% Write Data to File
fid=fopen([outputdirectory\F',num2str(filenumber)CH',num2str(channelnumbet),T st
at.txt],'at);
fprintf(fid, '%6.2\t%6.21\t%6.2\1%6.21\t%6.2f\[UTstat");
fclose(fid);

fid=fopen([outputdirectorp\F',num2str(filenumber)CH',num2str(channelnumbet)] sta
t.txt],'at);
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fprintf(fid, '%6.21\1%6.21\t%6.2\t%6.2\t%6.2f\[LTstat");
fclose(fid);

histstat=[Fs;neutral;UT;LT;sum(data(:,2))/length@a2));std(AFreq)/sqrt(length(data(:,
2)));median(sort(data(:,2)));moded(1);std(AFreqg){d&req);kurtosis(AFreq);skewness(
AFreq);AMax-

AMin;AMin;AMax;sum(data(:,2));length(data(:,2));médata(;,1)); TArea];
fid=fopen([outputdirectory\F',num2str(filenumber)CH',num2str(channelnumbel)istst
at.txt],'at);

fprintf(fid, %12.2f\nhiststat);

fclose(fid);

subjnum=inputfiledirectory(length(inputfiledirec{gr3:length(inputfiledirectory));
runtime=toc;
disp([The running of EGDLdatanalysis.m for subjggtim2str(subjnum)file

,numz2str(filenumber) channel,hnum2str(channelnumberj,ll data run required
,num2str(runtime) secondq)
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Wrist Motion Histograms of Additional Packer Subjects (Site 1)
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A.5  Full Subject Data for Site 1

Subject Job Description T.ﬁﬁ!alj(at:?ﬂlﬁ%%?g Observation Windows
01 Packer 5:05:35 7
02 Packer 5:19:51 3
03 Back Tender 3:25:30 3
04 Material Operator 4:37:35 3
05 Machine Operator 5:05:00 5
06 Material Handler 4:56:00 2
07 Machine Operator 2:26:09 2
08 Packer 3:08:30 4
09 Packer 3:23:02 4
10 Machine Operator 1:55:46 3
11 Machine Helper 2:15:46 3
12 Material Operator 2:58:21 3
13 Machine Operator 3:53:40 2
14 Machine Operator 2:43:00 4
15 Technical Assistant 2:14:45 1
16 Quality Manager 2:18:30 3
17 Research Director 2:22:00 3
18 Machine Superintendent 1:47:53 3
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Subject 02 Full Waveform Windows (n=3)
Right Left Right (Avg) Right (SD)) Left (Avg) Left (SD)
= 2 Mazx. Excursion Time (sec) 93.86 135.01 19.75 2.14 31.85 13.72
é E Max. Excursion Area (deg-sec) 3404.80 349697 27097 67.55 98539 378.32
5 ; Total Excursion Time (sec) 8033.74 9291.70 238.50 84.35 305.64 99.76
‘:__ k= Total Excursion Time (%) 4085 4725 1125 634 14 80 9.05
E E: Total Excursion Area (deg-sec) 110893.24 20189231 2881.76 1266.32 7221.33 2910.17
-2 Total Excursion Area (%) 3225 4525 27.68 1.21 4745 0.76
- 2 Max. Excursion Time (sec) 68.70 5315 17.87 10.73 299 0.66
% % Max. Excursion Area (deg-sec) -1307.91 -975.23 -164.06 3824 -71.69 17.67
E ; Total Excursion Time (sec) 1917.34 164542 4421 21.79 19.67 8.98
2 E Total Excursion Time (%) 9.75 837 1.83 0.56 0.85 0.33
2 2 | Total Excursion Area (deg-sec) -19655.80 -18353.16 -445 87 16933 -225.23 87.86
# 2| Total Excursion Area (%) 572 411 437 031 149 0.01
c Mean (deg) 10.05 16 .48 971 030 18 86 0.64
% - Median (deg) 9.54 13.22 7.86 1.12 11.59 3.13
g é Mode (deg) 2.00 6.00 3.67 231 7.00 0.00
T % Maximum (deg) 79.37 87.78 72.19 1.44 81.68 7.75
E = Minimum (deg) -67.93 -64.62 -51.49 3.74 -56.59 0.39
SIS Range (deg) 147.30 152.40 123.68 5.18 138.27 8.14
; ‘E Standard Deviation (deg) 17016.11 14759.32 985.79 450.76 940.73 477.84
=i Skewness 0.86 115 274 113 3.26 144
/e Kurtosis 235 424 13.63 818 16.27 9.04
_ Full Waveform Windows (n=3)
Subject 02 - - - -
Right Left Right (Avg.) Right (S.D.) Left (Avg.) Left (SD.)
z Max. Excursion Time (sec) 145.97 31.95 16.534 4.72 6.51 1.83
c g Mazx. Excursion Area (deg-sec) 1071.30 169.23 78.66 12.27 33.97 0.91
E g Total Excursion Time (sec) 3608.23 2535.42 92.59 32.98 73.80 14.77
l; —_— Total Excursion Time (%) 18.35 12.89 4.36 2.46 3.90 2.96
= f: Total Excursion Area (deg-sec) 25654.67 10010.36 530.88 149.04 304.74 95.36
= Total Excursion Area (%) 13.69 5.92 9.02 2.03 5.96 0.37
E Max. Excursion Time (sec) 185 40.08 0.69 0.65 325 1.80
% Max. Excursion Area (deg-sec) -8.73 -262.82 -2.56 335 -2830 13.20
é ; Total Excursion Time (sec) 4291 107241 1.79 1.57 1791 10.29
E“ ‘1_; Total Excursion Time (%) 0.22 5.45 0.05 0.04 0.70 0.15
2 | Total Excursion Area (deg-sec) -89.69 -3859.47 -4.14 4.68 9277 4833
;, Total Excursion Area (%) -0.05 -3.47 -0.05 0.05 -1.70 042
Mean (deg) 7.08 3.65 6.84 0.26 4.45 0.65
T . Median (deg) 6.97 3.95 7.40 0.44 4.16 0.39
g é Mode (deg) 10.00 3.00 767 058 4.00 0.00
E. § Maximum (deg) 6193 6095 4734 614 2985 129
[_E - Minimum (deg) -24 42 -49.95 -19.33 287 -3734 344
:I': ?gj!; Range (deg) 86.35 11090 66.67 415 67.20 215
= E Standard Deviation (deg) 3378492 3266171 2078 91 1008.96 2126.13 1039 31
Eu = Skewness 1.12 1.90 3.24 0.75 3.28 0.55
Kurtosis 2.96 6.31 15.88 5.66 15.05 344
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Full Waveform

Windows (n=3)

Subject 03 - - - .
Right Left Right (Avg) Right (SD.) Left (Avg) Left (SD)
- E Max. Excursion Time (sec) 33937 164.61 41.55 14 44 2747 97
é % Max Excursion Area (deg-sec) 1289120 425634 1122 .66 175.72 664.85 261.85
,E ; Total Excursion Time (sec) 5154.61 472348 381129 8825 338.17 4529
D‘,_ Fd Total Excursion Time (%) 41.75 38.26 5.15 348 443 2.51
E E: Total Excursion Area (deg-sec) 86751.20 85690.96 6765.81 1840.15 6383.64 855.76
-2 Total Excursion Area (%) 3528 36.29 35.79 5.86 36.69 2.05
d E Mazx. Excursion Time (sec) 84.96 36.92 31.56 4833 845 7.16
% % Mazx. Excursion Area (deg-sec) -2997.63 -954.18 -894.78 1434.77 -228.64 184.97
E ; Total Excursion Time (sec) 1305.36 1143.71 101.74 42.03 80.41 2498
2 5 Total Excursion Time (%) 10.57 9.26 1.16 032 0.98 0.38
2 2 | Total Excursion Area (deg-sec) -21996.71 -15507.63 -1775.68 1279.15 -1271.57 590.28
= 5 Total Excursion Area (%) -8.95 -6.57 -9.56 6.52 -7.29 314
= Mean (deg) 11.10 11.82 10.91 432 11.29 1.55
; - Median (deg) 10.36 9.91 911 3.78 8.20 1.25
é é Mode (deg) 4.00 6.00 5.33 2.08 5.00 1.00
T % Maximum (deg) §2.53 89.44 79.32 3.94 84.70 4.37
E E Minimum (deg) -86.86 -75.61 -79.36 179 -66.77 7.08
S & Range (deg) 169.39 165.04 158.88 4.64 151.46 2.99
_: é Standard Deviation (deg) 9818.11 10747.71 805.59 7477 906.50 72.25
-:5: - Skewness 1.17 1.62 1.61 0.10 228 0.04
e Kurtosis 315 5.18 542 0.53 9.17 093
_ Full Waveform Windows (n=3)
Subject 03 - - - — -
Right Left Right (Avg.) Right ($.D.) Left (Avg) Lefi(SD)
7 Max. Excursion Time (sec) 92 46 38.02 2252 8.78 7.13 551
- ; Max. Excursion Area (deg-sec) 1092 68 198.23 179.13 26.02 81.30 8583
E 2 Total Excursion Time (sec) 2090.52 1031.60 164.35 3046 64.35 10.39
; K Total Excursion Time (%) 16.93 836 211 1.04 0.78 021
= E: Total Excursion Area (deg-sec) 13650.37 5739.50 1037.39 84.20 39442 9433
=} Total Excursion Area (%) 11.41 5.80 11.93 1.63 5.33 1.48
2 Max. Excursion Time (sec) 36.69 66.78 438 3.19 20.60 6.44
% Max. Excursion Area (deg-sec) -76.05 -694.08 -22.15 12.92 -141.54 101.16
é g Total Excursion Time (sec) 411.61 904.63 2226 7.97 85.84 11.13
E” : Total Excursion Time (%) 333 7.33 0.27 0.09 1.12 0.64
!é‘ Total Excursion Area (deg-sec) 91393 -4776.39 -76.62 2053 -419.26 171.97
5 Total Excursion Area (%) -0.76 -4 83 -0.87 0.31 -5.58 219
Mean (deg) 494 0.39 6.10 033 -0.72 0.34
o Median (deg) 5.21 1.00 5.78 0.66 0.07 0.30
5 é Mode (deg) 3.00 2.00 4.33 1.15 1.33 0.58
E § Maximum (deg) 60.19 37.88 43 .48 3.28 37.48 234
LE E Minimum (deg) -29.04 -34.70 -26.51 1.44 -33.75 0.82
:I': %ﬁ Range (deg) 89.22 92.58 69.99 3.09 7124 2.60
= E Standard Deviation (deg) 19170.26 20979.90 1729.31 213.75 1684.23 140.44
E” = Skewness 1.21 1.69 1.42 0.31 1.61 0.26
Kurtosis 3in 5.53 444 1.44 5.57 1.50
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Full Waveform

Windows (n=3)

Subject 04 - - - - -
Right Left Right (Avg) Right (SD) Left (Avg) Lefti(SD)
- E Max. Excursion Time (sec) 121.47 144 44 493 1.78 18.95 6.98
7:5 % Mazx. Excursion Area (deg-sec) 233591 352297 120.75 20.90 370.65 150.60
5 ;, Total Excursion Time (sec) 2758.10 6780.23 94.86 21.48 412.04 44.77
D‘,_ e Total Excursion Time (%) 16.54 40.63 353 ERE 15.54 14.69
E ,:"f‘: Total Excursion Area (deg-sec) 47373.57 151167.82 121031 256.20 7285.08 870.95
-2 Total Excursion Area (%) 1537 41.81 10.44 2.78 39.86 2.16
=z Max. Excursion Time (sec) 6847 60.93 10.65 546 7.52 647
% % Max. Excursion Area (deg-sec) -1660.60 -1293.01 -199 33 12546 -82.13 7042
E ; Total Excursion Time (sec) 5376.08 1935.34 191.74 79.79 61.44 3422
3 ; Total Excursion Time (%) 3223 11.60 3.59 395 1.65 1.02
2 2 | Total Excursion Area (deg-sec) -76864.58 -20978.44 -2217.57 1396.17 -532.75 195.00
- ;, Total Excursion Area (%) -2493 -5.80 -17.62 947 293 1.14
= Mean (deg) -5.27 13.37 -3.83 3.50 14.13 2.68
% - Median (deg) -6.95 10.58 -3.94 22 12.08 2.60
g ; Mode (deg) -7.00 11.00 -2.67 3.21 2.33 8.50
T _:% Maximum (deg) 77.13 93.23 72.86 1.28 87.59 0.75
iE E Minimum (deg) -74.09 -60.82 -69.94 0.66 -58.40 2.39
S B Range (deg) 151.22 154.06 142.80 1.65 14599 3.04
_: E Standard Deviation (deg) 1322097 12098.63 1034.69 13791 805.60 62.18
1:5: - Skewness 1.07 1.01 1.56 0.21 1.31 0.63
o~ Kurtosis 3.03 3.09 436 0.77 488 381
. Full Waveform Windows (n=3)
Subject 04 - - -
Right Left Right (Avg.) Right (5.D.) Left (Avg.) Left (5D.)
2 Max. Excursion Time (sec) 261.62 214 57 140.49 37.41 46.30 1452
- ; Max. Excursion Area (deg-sec) 5105.25 1416.54 262886 857.17 192.12 11464
é g Total Excursion Time (sec) 14454.20 11517.78 860.35 20.74 545.98 36.22
; K Total Excursion Time (%) 86.67 69.06 31.50 20.69 19.30 17.47
= ?f: Total Excursion Area (deg-sec) 194672.86 36037.70 14071.14 802.61 2310.49 62.30
= Total Excursion Area (%) 44 83 1929 50.87 0.99 15.44 0.49
E Max. Excursion Time (sec) 0.00 0.00 0.00 0.00 0.00 0.00
% Max. Excursion Area (deg-sec) 0.00 0.00 0.00 0.00 0.00 0.00
g ; Total Excursion Time (sec) 0.00 0.00 0.00 0.00 0.00 0.00
E“' E Total Excursion Time (%) 0.00 0.00 0.00 0.00 0.00 0.00
2 | Total Excursion Area (deg-sec) 0.00 0.00 0.00 0.00 0.00 0.00
;, Total Excursion Area (%) 0.00 0.00 0.00 0.00 0.00 0.00
Mean (deg) 26.03 17.42 29.78 0.67 16.12 021
Y . Median (deg) 26.73 17.54 3223 0.45 16.13 0.36
E é Mode (deg) 32.00 18.00 34.00 0.00 18.33 1.53
5 § Maximum (deg) 77.68 79.84 48.49 0.95 34.27 0.20
[.: E Minimum (deg) -11.49 2.56 -3.09 0.56 3.77 1.05
:I': gn Range (deg) 89.17 77.28 51.59 1.19 30.50 1.21
= B Standard Deviation (deg) 29520.38 48524.29 2320.06 174.59 3372.00 178.73
E” = Skewness 1.09 2.09 1.45 0.06 0.65 0.35
Kurtosis 2.70 6.58 418 0.15 229 0.92
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Full Waveform

Windows (n=5)

Subject 03 - - - - -
Right Left Right (Avg) Right (SD.) Left (Avg.) Left (SD.)
- E Max. Excursion Time (sec) 73.58 8997 2512 9.68 40.99 2895
é E Max. Excursion Area (deg-sec) 2794 64 324083 79405 21192 890 .52 154.80
,E 2 Total Excursion Time (sec) 7398 .68 823554 38830 68.78 479 96 7937
D,_ Fd Total Excursion Time (%) 40.04 44.57 9.77 10.03 11.48 1146
E ,%: Total Excursion Area (deg-sec) 151591.15 194656.24 7659.10 1845.64 10793.53 1453.05
- Total Excursion Area (%) 39.49 46.60 38.87 7.79 48.73 1.53
d E Max. Excursion Time (sec) 109.43 51.18 31.54 4312 11.93 8.69
% % Max. Excursion Area (deg-sec) -4385.36 -2426.11 -1066.79 1846.40 -268.99 268.50
E ; Total Excursion Time (sec) 1927.61 1179.19 103.88 62.19 60.74 53.62
- 5 Total Excursion Time (%) 10.43 6.38 2.10 1.64 112 0.79
2 2 | Total Excursion Area (deg-sec) -34673.93 -21340.92 -2104.06 233546 -763.92 643.24
= 5 Total Excursion Area (%) -9.03 -5.11 -10.00 10.16 -3.32 2.57
= Mean (deg) 11.85 17.35 11.97 5.77 20.03 2.02
; - Median (deg) 8.82 11.55 11.35 3.50 16.35 333
g é Mode (deg) 4.00 6.00 6.80 8.53 11.40 7.96
T \% Maximum (deg) 94.16 138.45 85.77 9.27 92.06 6.62
E E Minimum (deg) -73.24 -67.28 -64.50 5.76 -53.34 5.59
S B Range (deg) 167.40 205.73 150.28 12.73 14540 8.14
_: E Standard Deviation (deg) 14320.70 16088.74 664.81 69.38 759.13 155.00
-:Sj - Skewness 1.49 2.67 1.06 0.37 1.82 0.49
e Kurtosis 471 10.91 3.54 1.24 6.99 232
i Full Waveform Windows (n=3)
Subject 05 - - - -
Right Left Right (Avg.) Right (D)) Left (Avg) Left (5.D.)
z Max. Excursion Time (sec) 3181 60.93 14 87 11.54 5.29 3.63
= ; Max. Excursion Area (deg-sec) 182.57 186.66 9980 60.18 29 84 17.64
2 é Total Excursion Time (sec) 1658.14 1261.75 120.06 4823 4346 2445
; e Total Excursion Time (%) 897 6.83 287 3.19 1.05 134
= E: Total Excursion Area (deg-sec) 7800.73 363744 569.05 220.78 154.72 99.59
=} Total Excursion Area (%) 5.62 3.07 7.37 1.99 2.55 1.51
2 Max. Excursion Time (sec) 2699 7144 342 229 472 2.67
% Max. Excursion Area (deg-sec) -12992 -560.00 -22.91 17.40 -23.96 11.68
é g Total Excursion Time (sec) 579.53 774.08 20.70 3.18 39.76 9.95
E" ‘_‘ Total Excursion Time (%) 3.14 419 0.41 0.29 0.94 0.87
'ﬂé‘ Total Excursion Area (deg-sec) -1903.26 -3616.96 -76.77 2797 -156.00 62.11
5 Total Excursion Area (%) -1.37 -3.06 -1.07 0.55 -2.64 091
Mean (deg) 3.00 0.83 4.58 1.70 -0.24 1.09
¥ o, Median (deg) 322 0.93 4.69 2.01 -0.17 1.25
k= :;: Mode (deg) 3.00 1.00 4.80 4.60 -0.40 2.70
E § Maximum (deg) 61.18 59.77 34.57 251 29.62 2.58
LE E Minimum (deg) -32.05 -42.54 -25.91 0.71 -31.16 1.63
:I': §0 Range (deg) 9322 10231 60 48 2.86 60.78 338
=z Standard Deviation (deg) 34648.19 38500.85 1708.90 146.51 1968.27 281.04
Eu = Skewness 1.89 2.90 1.11 0.59 1.69 0.39
Kurtosis 6.16 12.46 3.57 2.02 5.93 1.68

74




Full Waveform

Windows (n=2)

Subject 06 - - - - -
Right Left Right (Avg.) Right ($D.) Left (Avg.) Left (8.D.)
- Max. Excursion Time (sec) 119.76 117.53 5834 30.00 70.51 1341
-% Max. Excursion Area (deg-sec) 4085.06 2747.90 1686.34 360.89 1333.78 641.09
5 Total Excursion Time (sec) 1215490 11669.16 66884 162.56 652.97 12992
- Total Excursion Time (%) 66.61 63.95 5.14 1.10 5.07 1.32
g Total Excursion Area (deg-sec) 203100.22 20311943 12578.76 189345 10851.79 3166.12
- Total Excursion Area (%) 4488 4495 51.56 0.35 44 60 6.03
o Max. Excursion Time (sec) 6699 35.60 136 0.04 2511 11.05
'% Max. Excursion Area (deg-sec) -1215.38 -1748 24 -30.09 9.00 -1276.90 736.49
; Total Excursion Time (sec) 905.53 1155.03 12.36 233 44.57 9.51
= Total Excursion Time (%) 4.96 6.33 0.11 0.06 0.38 0.24
=] Total Excursion Area (deg-sec) -11617.25 -19326.30 -110.45 3239 -1447.25 83208
P Total Excursion Area (%) -2.57 -428 -0.47 0.21 -6.37 447
= Mean (deg) 21.22 19.44 26.90 213 22.06 4.30
:‘E - Median (deg) 2342 2418 27.26 1.96 26.01 5.78
E ; Mode (deg) 29.00 34.00 20.50 12.02 14.00 1273
é § Maximum (deg) 75.16 70.71 6843 388 62.10 421
g E Minimum (deg) -67.03 -74.31 -48.45 15.90 -72.93 0.61
5 5 Range (deg) 142,19 145.02 116.87 19.78 135.03 4.81
= E Standard Deviation (deg) 17239.40 16683.74 938.69 20243 997.24 202.54
% - Skewness 1.08 1.00 1.13 0.48 1.48 0.16
R Kurtosis 280 272 384 1.97 418 011
L Full Waveform Windows (n=2)
Subject 06 - -
Raght Left Raght (Avg.) Right (S.D.) Left (Avg.) Left (SD.)
z Max. Excursion Time (sec) 50.74 13.89 401 1.10 561 741
g Max. Excursion Area (deg-sec) 694.56 79.35 7.59 1.27 41.39 56.85
; Total Excursion Time (sec) 997.64 305.61 17.28 12.50 28.16 38.90
= Total Excursion Time (%) 547 1.67 0.12 0.04 0.30 0.42
E: Total Excursion Area (deg-sec) 384215 885.77 36.63 17.30 150.78 21007
= Total Excursion Area (%) 213 0.56 0.44 022 223 311
'AE Max. Excursion Time (sec) 64.22 60.14 27.37 896 42.58 2724
% Mazx. Excursion Area (deg-sec) -284.67 -612.55 -177.96 108.42 -350.32 39534
é g Total Excursion Time (sec) 2893.17 2667.69 179.20 72.15 110.76 5394
f : Total Excursion Time (%) 1585 14.62 1.59 1.24 081 0.04
!5 Total Excursion Area (deg-sec) -13916.11 -25402.84 -988.51 621.24 -903.11 679.10
5 Total Excursion Area (%) -7.73 -15.99 -11.39 6.77 -12.75 9.17
Mean (deg) -2.94 -4.64 -5.48 5.18 -2.54 433
- Median (deg) -3.58 -3.22 -5.14 483 -1.06 2.74
; Mode (deg) -5.00 1.00 2.50 7.78 -3.50 3.54
E Maximum (deg) 4396 4559 2691 554 2284 287
g Minimum (deg) -41.63 -53.98 -33.27 0.87 -46.21 4.64
::ja Range (deg) 83.60 99.57 60.17 6.42 69.05 1.77
'E Standard Deviation (deg) 25668.83 29759.70 139353 14.34 1704.28 35731
= Skewness 0.44 1.39 0.52 043 1.29 0.30
Kurtosis 1.54 3.49 246 0.32 3.65 0.85

75




Full Waveform

Windows (n=2)

Subject 07 - - - -
Right Left Right (Avg) Right (SD) Left (Avg) Left (SD)
- 2 Max. Excursion Time (sec) 173.44 305.38 106.92 101.00 128.30 8346
é E Max. Excursion Area (deg-sec) 7205.82 9787.36 414595 4615.49 3689.54 3674.13
5 ; Total Excursion Time (sec) 4198 47 3841.70 52931 14537 59201 96.39
'E = Total Excursion Time (%) 4783 4376 16.29 953 17.89 871
E E: Total Excursion Area (deg-sec) 101007.48 93600.40 14378.44 9719.86 14437.32 7232.44
-2 Total Excursion Area (%) 4772 4045 51.03 18.61 51.86 11.77
- g Max. Excursion Time (sec) 137.75 145.01 4.66 2.72 17.37 17.38
% % Max. Excursion Area (deg-sec) -3701.32 -3573.09 -88.15 66.47 -397.09 43993
é ; Total Excursion Time (sec) 815.73 1961.62 6091 49.28 58.25 15.46
- E Total Excursion Time (%) 9.29 2235 1.55 0.84 1.64 0.12
2 2 | Total Excursion Area (deg-sec) -11388.90 -33400.27 -716.37 636.16 -724.71 186.29
® =|  Total Excursion Area (%) 538 -14 44 335 359 271 0.09
= Mean (deg) 1521 1045 2173 1426 2358 941
% - Median (deg) 12711 7.59 26.17 21.10 29.84 16.50
g é Mode (deg) -5.00 44.00 25.00 46.67 35.50 9.19
T % Maximum (deg) 77.67 87.26 70.62 5.00 69.76 5.18
EE E Minimum (deg) -73.11 -57.62 -63.00 233 -53.22 4.63
S B Range (deg) 150.77 144 88 133.61 7.33 122.97 9.81
_: 'E Standard Deviation (deg) 7346.83 6066.41 950.33 307.63 1107.98 412.62
£ = Skewness 167 0.65 168 154 132 151
/e Kurtosis 6.57 261 6.78 6.52 11.12 742
. Full Waveform Windows (n=2)
Subject 07 - — -
Raght Left Right (Avg) Right (S.D.) Left (Avg.) Left (SD.)
z Mazx. Excursion Time (sec) 98.03 32476 4.74 0.03 16.13 17.95
- ; Max. Excursion Area (deg-sec) 1362.13 4422 87 50.89 18.70 19929 250.52
é g Total Excursion Time (sec) 810.17 1374.12 7283 2192 66.68 2390
; k= Total Excursion Time (%) 923 15.65 2.04 0.08 184 0.04
= ,%: Total Excursion Area (deg-sec) 6992.16 10977.48 475.18 139.31 426.01 66.92
=3 Total Excursion Area (%) 918 11.93 3.54 2.13 5.65 1.538
2 Max. Excursion Time (sec) 8376 12997 10.20 281 17.88 16.31
% Max. Excursion Area (deg-sec) -1033.79 -1575.57 -81.54 72.03 -184.14 180.98
g g Total Excursion Time (sec) 706.13 130419 5949 17.20 73.07 1532
E“' E Total Excursion Time (%) 8.04 14.86 1.66 0.08 2.08 0.28
£ | Total Excursion Area (deg-sec) -4902.23 -8398.27 -295.66 14.48 -522.32 5.99
;, Total Excursion Area (%) -6.43 912 -341 0.49 -6.87 0.94
Mean (deg) 2.00 -0.55 341 3.93 -1.78 1.80
o, Median (deg) 227 -2.16 525 22 -2.89 1.78
E é Mode (deg) 2.00 -2.00 7.00 5.66 -3.50 2.12
5 § Maximum (deg) 54.22 137.83 39.95 0.25 3544 0.27
p_y E Minimum (deg) -35.20 -45.48 -30.90 .22 -40.75 1.97
:I': %n Range (deg) 89 42 183 31 7084 0.46 76.20 224
gz B Standard Deviation (deg) 15741.73 11499.15 2264.52 94335 2238.16 878.76
E” = Skewness 2.10 3.40 2.37 1.87 2.78 1.75
Kurtosis 7.50 16.63 11.96 11.13 13.56 11.62
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o g Full Waveform Windows (n=4)
Subject 08 - - - -
Right Left Right (Avg) Right (SD.) Left (Avg) Left (SD)
- E Max. Excursion Time (sec) 75.65 8281 4035 2499 40.00 15.65
é % Max Excursion Area (deg-sec) 142270 144317 550.89 391.17 499 51 18424
5 ; Total Excursion Time (sec) 315913 484376 26992 3479 433.79 98 45
':__ Fd Total Excursion Time (%) 2790 4277 841 873 1184 937
E ,%: Total Excursion Area (deg-sec) 33094 66 5799580 2573.72 105778 4907 .82 92057
-2 Total Excursion Area (%) 16.19 31.27 15.01 6.36 30.81 3.87
d E Mazx. Excursion Time (sec) 87.70 2422 43.18 32.90 6.55 5.25
% % Mazx. Excursion Area (deg-sec) -2497.31 -361.06 -854.42 115492 -69.68 30.64
E ; Total Excursion Time (sec) 3350.78 574.14 275.77 60.48 4420 23.06
2 5 Total Excursion Time (%) 29.59 5.07 8.12 7.18 1.90 2.66
2 2 | Total Excursion Area (deg-sec) -35234.32 -5409.14 -3167.90 1864.26 -376.25 142.63
= 5 Total Excursion Area (%) -17.24 292 -17.82 891 -2.43 1.09
g Mean (deg) -0.80 11.58 -0.45 3.86 11.92 1.77
% - Median (deg) -1.60 11.57 0.78 4.04 12.78 3.03
g :é Mode (deg) -16.00 9.00 13.00 19.88 9.25 10.21
T % Maximum (deg) 51.77 58.60 43.02 239 4451 229
E E Minimum (deg) -87.85 -64.47 -67.42 1.14 -36.44 7.16
S B Range (deg) 139.62 123.08 110.44 1.43 100.95 9.37
_: 'E Standard Deviation (deg) 924208 11611.65 986.09 204.22 1179.18 180.38
= Skewness 0.63 0.61 1.60 057 149 1.04
e~ Kurtosis 237 1.78 751 397 6.94 6.37
- Full Waveform Windows (n=4)
Subject 08 - - - - -
Right Left Right (Avg.) Right (S.D.) Left (Avg.) Left (SD.)
Z| Max. Excursion Time (sec) 28.08 4331 9.47 10.42 7.65 5.86
- ; Max. Excursion Area (deg-sec) 12998 227.44 3356 13.49 3934 5291
é g Total Excursion Time (sec) 103297 88563 115.52 60.21 43.80 23.04
E - Total Excursion Time (%) 9.12 7.82 273 1.59 1.44 1.46
= E: Total Excursion Area (deg-sec) 3795.51 3593.70 38895 181.79 166.03 165.61
=) Total Excursion Area (%) 4.46 362 404 1.36 2.13 1.98
-AE Max. Excursion Time (sec) 2.61 40.28 1.44 1.38 20.20 16.29
% Max. Excursion Area (deg-sec) -6.43 -317.31 -3.10 2.59 -149.11 100.30
é g Total Excursion Time (sec) 22.59 1069.73 1.74 1.55 98.25 59.60
?“'_‘ ‘_‘ Total Excursion Time (%) 0.20 9.45 0.04 0.03 192 0.69
; Total Excursion Area (deg-sec) -43.76 -6040.29 -3.37 279 -479 32 265.20
;, Total Excursion Area (%) -0.05 -6.09 -0.05 0.04 -3.88 291
Mean (deg) 492 -0.75 6.49 1.92 -1.96 1.40
T . Median (deg) 5.16 -1.15 6.93 223 -2.19 1.57
& :-:: Mode (deg) 5.00 -4.00 9.00 294 -3.50 480
E § Maximum (deg) 5983 60.90 31.70 3.01 26.45 224
; E Minimum (deg) -26.28 -53.68 -19.71 134 -36.90 5.00
g g; Range (deg) 86.11 11459 5141 3.78 63.36 6.79
E’ § Standard Deviation (deg) 23293.71 16392.47 2417.02 259.36 1857.97 272.04
E = Skewness 1.56 1.27 1.17 0.53 1.30 0.32
Kurtosis 4.40 3.26 3.58 1.67 4.40 1.47
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Full Waveform

Windows (n=4)

Subject 09 - - - - -
Right Left Right (Avg) Right(SD) Left (Avg) Left (SD.)
- E Max. Excursion Time (sec) 220.52 6732 4153 19.93 4747 23.03
é % Max. Excursion Area (deg-sec) 368792 1661.69 137725 587.05 751.86 64788
z 2 Total Excursion Time (sec) 744919 198327 589.72 2537 173.53 58.00
D‘_ kK Total Excursion Time (%) 61.08 16.26 1897 17.59 491 3.80
_g E: Total Excursion Area (deg-sec) 14299039 27158.17 11935.01 1676.78 254424 1577.66
-2 Total Excursion Area (%) 47.22 1131 4896 3.12 13.33 6.55
o E Max. Excursion Time (sec) 23.56 48.58 299 0.89 12.72 228
% % Max. Excursion Area (deg-sec) -166.97 -863.42 -50.33 24.87 -229.07 38.00
E 2 Total Excursion Time (sec) 531.12 5221.86 34.64 10.00 37237 26.39
2 E Total Excursion Time (%) 435 4281 0.97 0.78 11.65 10.01
2 £ | Total Excursion Area (deg-sec) -5857.96 -66395.57 -422 89 154.71 -4625.01 281.77
= 5 Total Excursion Area (%) -1.93 -27.63 -1.73 0.61 -25.38 1.53
= Mean (deg) 21.43 -8.25 2311 1.70 -6.57 2.80
% - Median (deg) 21.12 -11.58 22.05 235 -10.00 1.94
g '::; Mode (deg) 13.00 -17.00 15.50 4.80 6.75 2577
T g Maximum (deg) 77.09 55.83 71.35 3.17 50.56 346
3 E Minimum (deg) -66.33 -74.04 -33.95 1.29 -60.18 1.42
S B Range (deg) 143.44 129.87 125.30 3.50 110.73 3.05
_: hz Standard Deviation (deg) 10191.59 9522.66 773.62 107.90 747.17 59.94
- Skewness 078 058 069 042 085 0.60
o Kurtosis 218 212 2.56 1.28 4.17 3.85
. Full Waveform Windows (n=4)
Subject 09 - — -
Right Left Right (Avg) Right ($.D.) Left (Avg) Left (5.D.)
@ Max. Excursion Time (sec) 0.39 114.04 0.12 0.14 35.51 2198
- ; Max. Excursion Area (deg-sec) 0.22 1413.93 0.07 0.09 46529 428.62
E § Total Excursion Time (sec) 1.95 584472 0.13 0.16 44917 51.59
£ = Total Excursion Time (%) 0.02 4792 0.01 0.01 14.66 1331
= ,%: Total Excursion Area (deg-sec) 141 46152.71 0.07 0.09 3557.36 772.24
=} Total Excursion Area (%) 0.00 24.70 0.00 0.00 24.43 332
2 Max. Excursion Time (sec) 151.95 0.00 2557 7.77 0.00 0.00
% Max. Excursion Area (deg-sec) -1674.84 0.00 -53421 116.77 0.00 0.00
g g Total Excursion Time (sec) 6454.43 0.00 49398 51.55 0.00 0.00
E“' : Total Excursion Time (%) 5292 0.00 1540 13.13 0.00 0.00
3 Total Excursion Area (deg-sec) -62343 64 0.00 -5187.15 805.67 0.00 0.00
5 Total Excursion Area (%) -29 88 0.00 -31.57 284 0.00 0.00
Mean (deg) -16.76 15.14 -17.16 0.91 15.32 1.04
o Median (deg) -15.79 14.55 -15.76 0.91 14.56 1.05
5 é Mode (deg) -16.00 11.00 -15.50 1.29 1325 2.63
E § Maximum (deg) 4235 89.87 14.72 1.82 2.67 1.52
p_y E Minimum (deg) -51.78 -10.23 -47.66 1.36 -1.74 1.47
:I': %n Range (deg) 9413 100.09 6238 2.86 50.41 2.20
'z B Standard Deviation (deg) 18891.68 20430.11 1441.69 231.14 1700.33 139.78
E” = Skewness 1.10 1.21 0.85 0.67 0.48 0.08
Kurtosis 293 292 328 1.94 212 022
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Full Waveform

Windows (n=3)

Subject 10 - -
Right Left Right (Avg.) Right (S.D.) Left (Avg.) Left (SD.)
- E Max. Excursion Time (sec) 8336 4361 52.64 3054 18.65 8.39
é % Max. Excursion Area (deg-sec) 2053.59 1588.58 1160.20 262.97 460.09 275.75
z ; Total Excursion Time (sec) 2088.17 1875.40 277.52 102.74 24517 72.01
C\‘_ K Tatal Excursion Time (%) 30.02 2696 732 2.08 6.39 0.81
E E: Total Excursion Area (deg-sec) 3142987 27006.07 4087.70 1869.07 340351 106225
-2 Total Excursion Area (%) 30.57 2699 3298 473 28.66 3.17
o E Max. Excursion Time (sec) 37.87 35.09 463 0.27 16.76 16.96
% % Max. Excursion Area (deg-sec) -1137.46 -1200.58 -155.01 74.67 -234 68 147.85
z 2 Total Excursion Time (sec) 631.36 679.61 46.90 4.66 73.43 21.09
2 E Total Excursion Time (%) 9.36 9.77 1.37 0.75 2.07 0.89
2 £ | Total Excursion Area (deg-sec) -8966.19 -9664.83 -762.86 65.56 -048.87 311.67
® 2| Total Excursion Area (%) 872 -9 66 677 224 -8.49 3.39
= Mean (deg) 6.50 6.02 8.98 2.50 7.46 1.32
E - Median (deg) 1.96 3.63 6.54 4.12 5.96 2.55
g '::; Mode (deg) -2.00 0.00 -2.33 1.53 -0.33 2.08
T (% Maximum (deg) 66.19 70.12 58.18 4.31 65.79 2.71
3 E Minimum (deg) -82.70 -75.24 -80.61 1.97 -64.17 4.89
S B Range (deg) 148.89 145.36 138.78 3.66 12996 3.35
_: e Standard Deviation (deg) 8232.69 7307.35 1027.23 517.31 849.62 35525
- Skewness 321 210 377 290 236 095
e Kurtosis 16.29 7.52 28.11 34.04 10.72 7.02
i Full Waveform Windows (n=3)
Subject 10 - - - -
Raght Left Right (Avg.) Right (SD.) Left (Avg.) Left (SD.)
z Max. Excursion Time (sec) 5338 11.59 20.04 30.18 3.42 222
- ; Max. Excursion Area (deg-sec) 303.55 111.77 117.02 16899 21.38 24 68
E é Total Excursion Time (sec) 241.29 200.84 4285 27.87 17.19 10.96
; e Total Excursion Time (%) 347 289 1.07 0.40 049 0.31
= ,gf: Total Excursion Area (deg-sec) 119435 1044.63 236.07 180.28 71.36 55.68
= Total Excursion Area (%) 225 212 3.63 1.84 142 0.97
= Max. Excursion Time (sec) 3428 2243 24 69 12.63 12.11 10.48
‘7 | Max_ Excursion Area (deg-sec) -184.71 -188.22 -13931 64.97 -82.29 97.65
é 2 Total Excursion Time (sec) 950.71 420.35 92.70 2828 62.76 36.42
E’“ E Total Excursion Time (%) 13.67 6.04 2352 0.86 149 0.33
z | Total Excursion Area (deg-sec) -3969.55 -1908.52 -405.72 106.07 -308.43 23582
5 Total Excursion Area (%) -1.47 -3.87 -6.96 2.29 -5.14 2.80
Mean (deg) -2.43 222 -1.59 0.50 -3.05 231
¥ o, Median (deg) -0.23 2211 0.67 0.63 -3.32 2.68
k= :;: Mode (deg) 2.00 -8.00 2.00 1.00 -5.00 4.36
E § Maximum (deg) 5588 61.10 3932 579 2782 228
pt E Minimum (deg) -39.50 -36.31 -33.47 5.67 -32.26 3.20
:I': %D Range (deg) 9538 97.41 72.79 6.98 60.09 0.92
= B Standard Deviation (deg) 13979.64 13002.24 1697.89 675.30 1779.20 624.87
Eu - Skewness 2.80 1.64 3.18 1.26 1.99 0.70
Kurtosis 1239 447 17.18 11.78 787 438
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Full Waveform

Windows (n=3)

Subject 11 - - - - -
Right Left Right (Avg.) Right (S.D.) Left (Avg) Left (SD.)
- z Max. Excursion Time (sec) 9136 93.00 2146 744 51.56 3880
-‘::E % Max. Excursion Area (deg-sec) 233278 2461.55 663.15 260.12 1290.19 903.84
E ; Total Excursion Time (sec) 3130.09 4620.54 340.67 40.10 586.31 64.96
ol Total Excursion Time (%) 3838 56.66 10.58 5.60 20.08 15.31
;2 ,%: Total Excursion Area (deg-sec) 46775.47 05278.23 5275.55 112.27 12734.11 2212.60
-2 Total Excursion Area (%) 35.06 50.34 3491 1.03 53.12 245
o E Max. Excursion Time (sec) 1425 5.72 5.22 0.95 1.87 0.70
'% ; Max. Excursion Area (deg-sec) -251.84 -56.40 -80.10 59.17 -20.53 9.52
i ; Total Excursion Time (sec) 309.34 90.75 38.64 10.22 8.17 2.26
.E“ ‘1_; Total Excursion Time (%) 3.79 1.11 1.22 0.81 0.24 0.11
E 2 | Total Excursion Area (deg-sec) -2962.11 -770.71 -424 59 28393 -69.18 35.50
P ; Total Excursion Area (%) 222 -0.41 -2.78 1.77 -0.30 0.17
= Mean (deg) 11.30 22.07 11.09 0.65 2484 3.80
:g - Median (deg) 9.20 19.18 8.93 1.27 23.48 538
E ; Mode (deg) -8.00 5.00 -4.67 7.57 15.00 20.88
é § Maximum (deg) 77.86 99.06 68 68 427 84 .93 5.00
g Minimum (deg) -73.41 -53.77 -59.31 4.95 -43.62 2.98
5 5 Range (deg) 151.28 152.83 127.99 7.86 128.55 4.55
=X 5 Standard Deviation (deg) 7734.60 7669.78 919.27 34.56 906.72 63.48
= Skewness 095 125 1.06 024 144 0.80
R Kurtosis 238 3.76 3.14 0.80 6.32 5.17
o Full Waveform Windows (n=3)
Subject 11 - - - -
Right Left Right (Avg.) Right (8.D.) Left (Avg) Left (5D.)
7 Max. Excursion Time (sec) 61.60 56.62 40.57 11.50 3.77 1.40
- ; Max. Excursion Area (deg-sec) 94224 1732.76 440.63 183.53 3091 17.63
2 g Total Excursion Time (sec) 5722.85 1649.85 704.15 41.52 4551 21.02
; —_— Total Excursion Time (%) 70.17 20.23 2241 13.32 1.42 1.02
= E: Total Excursion Area (deg-sec) 46858.86 11613.16 5901.71 378.78 218.63 184.26
= Total Excursion Area (%) 30.06 1427 31.51 1.84 339 2.56
E Max. Excursion Time (sec) 3.98 16.80 0.26 0.32 4.60 3.03
% Max. Excursion Area (deg-sec) -8.93 -141.13 -0.73 1.21 -15.19 7.57
; g Total Excursion Time (sec) 473 377.79 0.26 0.32 46.64 10.75
E“ ‘1_; Total Excursion Time (%) 0.06 4.63 0.01 0.01 1.57 1.24
z | Total Excursion Area (deg-sec) -11.06 -1487.32 -0.73 1.21 -162.36 73.86
:_: Total Excursion Area (%0) -0.01 -1.83 0.00 0.01 -2.58 0.92
Mean (deg) 18.64 353 20.00 0.70 -1.13 0.40
T . Median (deg) 18.43 0.40 19.42 0.30 -2.00 0.73
5 ::; Mode (deg) 17.00 -3.00 17.67 2.52 -3.00 1.00
E § Maximum (deg) 70.17 54.65 51.92 6.88 3599 11.33
[.E E Minimum (deg) -21.27 -36.33 -17.46 3.30 -28.07 2.90
:I': '%?\ Range (deg) 9145 90.98 69.39 10.14 64.06 14.22
‘] '_E Standard Deviation (deg) 15141.35 13136.02 1973.64 260.48 2205.86 25.39
Eu - Skewness 1.77 1.85 1.64 0.39 215 0.84
Kurtosis 5.44 7.00 552 1.71 8.36 432
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Full Waveform

Windows (n=3)

Subject 12 - - - .
Right Left Right (Avg) Right(SD) Left (Avg) Left (SD)
- E Max. Excursion Time (sec) 131.15 118.11 4794 10.45 84.37 2284
é % Max. Excursion Area (deg-sec) 2022.43 3986.19 1095.08 23298 3227.00 771.76
5 ; Total Excursion Time (sec) 3991.59 811093 357.32 28.63 788 47 72.63
e = Total Excursion Time (%) 34.14 69.38 476 1.62 10.52 in
E ,sf: Total Excursion Area (deg-sec) 44634.44 197992.06 4326.47 723.84 2144295 223211
- = Total Excursion Area (%0) 22.54 5599 2471 5.88 5930 3.55
= E Max. Excursion Time (sec) 12832 69.28 17.47 16.57 524 217
% % Max. Excursion Area (deg-sec) -2358.43 971.56 -202.16 155.25 -61.07 4320
E ; Total Excursion Time (sec) 1809.98 408.46 150.06 93.79 34.00 27.83
3 E Total Excursion Time (%) 15.48 349 2.04 1.26 043 0.34
2 2 | Total Excursion Area (deg-sec) -24189.95 -3221.51 -1688.79 1127.47 -246.53 154.79
= 5 Total Excursion Area (%) -12.22 091 -9.17 5.13 -0.70 0.47
= Mean (deg) 4.88 27.44 537 414 3142 5.79
% - Median (deg) 3.77 25.94 4.17 4.26 28.86 5.74
g :é Mode (deg) -2.00 17.00 22.67 2831 18.00 31.05
T _:% Maximum (deg) 100.26 115.79 5282 4.17 89.56 522
E E Minimum (deg) -84.28 -72.39 -63.30 3.88 -43.56 11.00
S B Range (deg) 184.55 188.18 116.12 7.34 133.13 16.18
_: E Standard Deviation (deg) 9412.37 8075.57 978.00 3284 800.36 56.74
{Sj - Skewness 0.93 0.75 0.70 0.13 0.76 0.54
/~ Kurtosis 226 2.20 258 0.71 324 1.36
_ Full Waveform Windows (n=3)
Subject 12 - - - -
Right Left Right (Avg) Right (S.D.) Left (Avg) Lefi (SD.)
2 Max. Excursion Time (sec) 123.12 37.65 21.48 6.39 491 5.14
- ? Max. Excursion Area (deg-sec) 2804.64 28395 25197 223.60 96.32 122 81
E 3 Total Excursion Time (sec) 299828 272.91 214.84 54.50 22.65 3515
; | Total Excursion Time (%) 25.65 233 273 040 041 0.67
= ,%: Total Excursion Area (deg-sec) 33261.88 1973.82 1436.87 134.00 139.28 123.45
= Total Excursion Area (%) 2336 0.92 12.64 0.62 0.65 0.60
7:3 Max. Excursion Time (sec) 44 48 105.55 1385 1148 54.60 3165
:; Max. Excursion Area (deg-sec) -262 28 -6232.95 -44 44 31.00 -2228 83 2757.16
g 3 Total Excursion Time (sec) 356.80 3574.10 35.94 25.05 357.95 215.73
E“' : Total Excursion Time (%0) 3.05 47.68 0.49 0.42 6.81 0.47
g Total Excursion Area (deg-sec) -1597 44 -76155.94 -117.27 9553 -8812.73 6657.59
5 Total Excursion Area (%) -1.12 -35.66 -1.03 0.89 -37.06 1472
Mean (deg) 8.78 -15.76 7.32 1.88 -17.63 9.25
o Median (deg) 7.77 -14.31 7.77 227 -16.39 6.67
5 é Mode (deg) 6.00 -10.00 7.33 2.31 -18.00 8.00
E § Maximum (deg) 12520 108.56 41.58 1.93 47.26 4223
[.Ly E Minimum (deg) -100.71 -145.16 -29.76 4.02 -77.08 40.01
:I': %n Range (deg) 22591 25371 7134 347 124 34 82.08
= B Standard Deviation (deg) 12852.96 11227.62 2043.67 231.18 1239.96 290.69
E” = Skewness 2.50 251 1.65 0.19 1.30 0.74
Kurtosis 8.46 8.54 341 0.84 4.50 2.08
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Subject 13 Full Waveform Windows (n=2)
Right Left Right (Avg.) Right (S.D.) Left (Avg) Left (SD.)
- 2 Max. Excursion Time (sec) 21027 7432 2799 20.01 50.60 36.51
é % Max. Excursion Area (deg-sec) 5480.14 234821 83849 509.05 1759.74 26.14
5 ; Total Excursion Time (sec) 472044 5001.04 34589 4277 47141 86.10
D‘_ = Total Excursion Time (%) 3363 35.62 321 0.41 434 0.30
E E: Total Excursion Area (deg-sec) 84021.13 89914.94 5200.14 138.44 9446.73 1971.33
- = Total Excursion Area (%) 30.23 26.22 3328 0.64 39.90 1037
o E Max. Excursion Time (sec) 155.60 215.42 924 0.65 3445 36.38
% % Max. Excursion Area (deg-sec) -3297.57 -6626.66 -226.49 115.51 -1031.88 1328.90
é ; Total Excursion Time (sec) 291991 351033 7636 2485 13289 105.50
2 ‘1_" Total Excursion Time (%) 20.80 2501 075 041 1.38 131
2 £ | Total Excursion Area (deg-sec) -38815.40 -86964 .68 -1057.83 97.62 -2593.51 2562.76
= 5 Total Excursion Area (%) -13.97 -2536 -6.79 093 -10.61 1020
= Mean (deg) 5.49 268 865 151 1335 817
% " Median (deg) 363 595 494 243 14 85 834
g ‘:::‘ Mode (deg) 1.00 6.00 -2.50 4.95 -2.50 62.93
T _:% Maximum (deg) 69.82 66.20 66.16 1.25 64.21 2.81
E E Minimum (deg) -72.64 -79.07 -66.72 8.38 -71.09 0.56
S B Range (deg) 14245 145.27 132.87 7.13 135.29 3.38
; 'E Standard Deviation (deg) 10367.29 8786.95 1101.02 36.58 796.80 118.05
5 - Skewness 1.00 0.65 230 035 146 0.12
e~ Kurtosis 392 248 899 1.82 5.63 0.53
o Full Waveform Windows (n=2)
Subject 13 -
Right Left Rught (Avg) Right (5.D.) Left (Avg) Lefi (SD.)
0 Max. Excursion Time (sec) 9355 70.63 4347 5841 2912 10.05
= % Max. Excursion Area (deg-sec) 1452.76 41543 274.11 371.60 162.11 123.45
; g Total Excursion Time (sec) 2082.02 1675.93 105.66 101.45 113.73 60.03
g = Total Excursion Time (%) 14.83 11.94 1.12 1.21 1.00 0.30
= ?: Total Excursion Area (deg-sec) 20466.22 6409.52 723.66 750.02 453.75 270.88
= Total Excursion Area (%) 11.88 5.01 6.08 6.43 514 275
E Max. Excursion Time (sec) 94.16 128.53 31.39 15.73 7.57 1.36
% Max. Excursion Area (deg-sec) -1500.35 -761 .88 -374.79 338.05 -33.88 112
g g Total Excursion Time (sec) 2383.04 1224.82 22331 128.88 84.22 19.69
%" : Total Excursion Time (%) 16.98 872 1.95 0.69 0.82 038
% Total Excursion Area (deg-sec) -21049.79 -6322.01 -2205.94 1606.03 -432.36 57.06
5 Total Excursion Area (%) -12.22 -4.94 -17.74 12.28 -3.03 1.03
Mean (deg) 0.06 0.15 -2.73 6.67 0.64 224
T . Median (deg) 1.99 -0.57 -0.26 6.49 0.16 1.77
E’ é Mode (deg) 5.00 -1.00 5.00 0.00 5.50 9.19
§ § Maximum (deg) 53.18 62.76 41.34 1.30 28.03 2.72
_: = Minimum (deg) -40.54 -51.83 -35.97 0.35 -37.74 291
L g Range (deg) 93.72 114.59 7732 0.95 65.77 0.18
E’ Z Standard Deviation (deg) 17627.07 1993920 1663 42 1094 1720.72 31895
% = Skewness 1.78 1.30 235 0.18 1.61 0.73
Kurtosis 7.17 3.74 9.97 2.03 6.96 3.82
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Full Waveform

Windows (n=4)

Subject 14 - - -
Right Left Right (Avg) Right (D) Left (Avg) Left (SD)
- E Max. Excursion Time (sec) 132.77 103.44 46.88 3436 34.63 20.20
é % Max. Excursion Area (deg-sec) 2836.70 5249.99 1064.65 756.41 85373 42474
5 ; Total Excursion Time (sec) 2438.04 2033.87 254.72 105.99 192.14 54.21
D,_ e Total Excursion Time (%) 2490 20.77 9.63 12.44 7.05 8.09
E ?f: Total Excursion Area (deg-sec) 43874.37 36865.40 4550.53 2114.70 3459 40 1489.16
-2 Total Excursion Area (%) 23.77 20.28 26.40 13.17 21.38 10.35
=z Max. Excursion Time (sec) 123.90 8985 3731 60.25 3956 2310
% % Max Excursion Area (deg-sec) -6315.03 -5405.21 -1727 49 317839 -805.08 73204
E ; Total Excursion Time (sec) 1875.56 2150.32 159.32 120.30 21242 78.81
- :j Total Excursion Time (%) 19.15 21.96 3.55 1.86 523 3.04
2 2 | Total Excursion Area (deg-sec) -36112.51 -44136.07 -3423.91 4183.93 -3326.11 2378.09
- ;, Total Excursion Area (%) -19.57 -24.28 -16.85 18.33 -19.15 1223
= Mean (deg) 0.49 -2.48 1.04 10.42 -1.52 542
% - Median (deg) -2.63 -4.46 -1.74 6.35 -4.84 1.63
g ; Mode (deg) -8.00 -6.00 -9.00 0.82 -2.00 8.04
T _:% Maximum (deg) 86.70 84.68 67.32 10.14 65.17 9.71
iE E Minimum (deg) -95.20 -96.66 -74.69 3.69 -69.55 3.64
S B Range (deg) 181.90 181.34 142.01 12.83 13472 11.10
i 'E Standard Deviation (deg) 8075.16 8678.73 1014.32 88.12 1062.47 139.42
1:5: - Skewness 2.00 2.40 235 0.53 2.64 0.56
4 Kurtosis 717 922 925 337 11.66 421
. Full Waveform Windows (n=4)
Subject 14 - - -
Right Left Right (Avg.) Right (S.D.) Left (Avg.) Left (SD.)
@ Max. Excursion Time (sec) 3.94 109.25 1.75 1.69 35.58 51.46
- ; Max. Excursion Area (deg-sec) 1251 1060.81 6.33 5.68 29096 53329
E § Total Excursion Time (sec) 52.00 1375.72 6.71 8.78 160.48 211.36
g s Total Excursion Time (%) 0.53 14.05 0.42 077 221 1.85
= ,%: Total Excursion Area (deg-sec) 117.49 7658.40 15.14 17.86 958.64 1533.83
=} Total Excursion Area (%) 0.09 878 0.13 0.17 .77 10.54
2 Max. Excursion Time (sec) 134.13 3284 41.46 25.10 7.84 5.27
% Max. Excursion Area (deg-sec) -3422 88 -171.89 -589.95 661.48 -86.14 5783
g 3 Total Excursion Time (sec) 3346.12 780.82 29251 92.10 70.46 46.14
E“' : Total Excursion Time (%) 3417 7.97 T7.58 534 198 1.55
5‘5 Total Excursion Area (deg-sec) -30777.41 -4064.93 -2425 88 1659 44 -377.64 243 80
5 Total Excursion Area (%) -23.52 -4 66 -18.45 943 -4.66 278
Mean (deg) -11.76 0.78 -11.67 2.88 1.24 6.02
o Median (deg) -10.26 -0.92 -10.32 1.60 2.46 8.64
5 é Mode (deg) -9.00 -2.00 -14.00 9.49 4.00 12.68
E § Maximum (deg) 48.01 63.75 23.42 3.09 30.30 413
p_y E Minimum (deg) -44.24 -37.64 -37.72 3.45 -34.97 2.75
:I': %n Range (deg) 9225 103 .39 61.14 22 65.28 5.87
'z B Standard Deviation (deg) 16084.94 15917.56 2293.98 89.94 2189.74 621.83
E” = Skewness 1.66 2.32 2.18 0.55 2.44 0.73
Kurtosis 5.61 9.75 8.37 3.75 10.68 426
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Subject 15

Full Waveform

Wimndows (n=1)

Right Left Right (Avg) Right (SD)) Left (Avg) Left (SD)
- E Max. Excursion Time (sec) 129.79 140.70 38.84 0.00 15.67 0.00
é % Max. Excursion Area (deg-sec) 2612.28 884.70 608.11 0.00 62.38 0.00
5 ; Total Excursion Time (sec) 3856.49 792.01 551.53 0.00 21.83 0.00
D,_ = Total Excursion Time (%) 47.64 9.78 7.06 0.00 0.28 0.00
E ?f: Total Excursion Area (deg-sec) 4812035 347385 6843.06 0.00 11423 0.00
-2 Total Excursion Area (%) 27.25 428 33.75 0.00 1.07 0.00
=z Max. Excursion Time (sec) 219.61 8762 1096 0.00 90.10 0.00
% % Max. Excursion Area (deg-sec) -3926.91 -818.52 -206 46 0.00 -841.67 0.00
E ; Total Excursion Time (sec) 144535 1350.61 87.89 0.00 216.60 0.00
3 E Total Excursion Time (%) 17.86 16.69 1.12 0.00 2.77 0.00
2 2 | Total Excursion Area (deg-sec) -27063.78 -7309.76 -1305.48 0.00 -1545.75 0.00
= 5, Total Excursion Area (%) -15.33 -9.00 -6.44 0.00 -14.48 0.00
= Mean (deg) 8.46 -3.72 14.29 0.00 -8.63 0.00
% - Median (deg) 14.36 -4.20 18.71 0.00 -9.11 0.00
g ; Mode (deg) 4.00 -1.00 19.00 0.00 -9.00 0.00
T _% Maximum (deg) 71.83 3732 59.06 0.00 3732 0.00
iE E Minimum (deg) -75.85 -71.78 -75.85 0.00 -41.06 0.00
S B Range (deg) 147.68 109.10 13491 0.00 78.38 0.00
_: '_'z Standard Deviation (deg) 7597.94 11815.06 048.36 0.00 1623.47 0.00
é‘ - Skewness 22 1.32 1.72 0.00 1.29 0.00
4 Kurtosis 364 353 5.66 0.00 359 0.00

e Full Waveform Windows (n=1)

Subject 15 - - —

Right Left Right (Avg.) Right ($.D.) Left (Avg.) Left (SD.)
2 Max. Excursion Time (sec) 348.78 150.33 11.23 0.00 2353 0.00
- ? Max. Excursion Area (deg-sec) 2311.24 2361.13 113.05 0.00 349 34 0.00
E 3 Total Excursion Time (sec) 2792.42 494 40 184.23 0.00 66.65 0.00
; | Total Excursion Time (%) 34.50 6.11 236 0.00 0.85 0.00
= ,%: Total Excursion Area (deg-sec) 18516.07 6846.73 1189.68 0.00 841.33 0.00
=3 Total Excursion Area (%) 17.57 337 11.63 0.00 301 0.00
g Max. Excursion Time (sec) 0.10 344 07 0.07 0.00 187.54 0.00
% Max. Excursion Area (deg-sec) -0.19 -6413.57 -0.09 0.00 -6594.93 0.00
g g Total Excursion Time (sec) 0.37 5142.66 0.07 0.00 64597 0.00
E“' ‘_‘ Total Excursion Time (%) 0.00 63.53 0.00 0.00 827 0.00
'q;) Total Excursion Area (deg-sec) -0.52 -93999 50 -0.09 0.00 -14772 88 0.00
;, Total Excursion Area (%) 0.00 -46.22 0.00 0.00 -52.89 0.00
Mean (deg) 12.90 -19.91 10.56 0.00 -24.89 0.00
¥ o Median (deg) 11.74 -21.92 9.80 0.00 -26.81 0.00
5 é Mode (deg) 6.00 -18.00 8.00 0.00 2.00 0.00
E § Maximum (deg) 63.54 67.56 45.24 0.00 67.56 0.00
[.Ly E Minimum (deg) -17.56 -89.33 -17.04 0.00 -78.88 0.00
:I': % Range (deg) 83.11 15689 6229 0.00 146 44 0.00
= B Standard Deviation (deg) 17681.84 6741.92 242231 0.00 808.16 0.00
E” = Skewness 141 0.89 1.65 0.00 1.39 0.00
Kurtosis 3.57 2.74 440 0.00 452 0.00
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Full Waveform

Windows (n=3)

Subject 16 - - — —
Right Left Raght (Avg) Right (SD.) Lefi (Avg) Left (SD.)
o 2 Max. Excursion Time (sec) 87.18 217.25 3999 21.68 121.54 2351
é E Max. Excursion Area (deg-sec) 1073.70 4308.25 578.62 456.96 2528.01 484.45
5 ; Total Excursion Time (sec) 3312.44 6391.99 44594 160.87 764.14 137.23
':__ K Total Excursion Time (%) 4045 80.50 2035 2045 3313 3196
E E: Total Excursion Area (deg-sec) 24396.78 120576.97 3197.73 771.57 14038.14 3033.02
-2 Total Excursion Area (%) 19.85 5131 2195 2.07 52.10 3.60
- 2 Max. Excursion Time (sec) 59.07 35.10 3.62 6.74 3.08 3.12
% % Max. Excursion Area (deg-sec) -907.27 -408.67 -43.65 36.11 -64.39 5844
E ; Total Excursion Time (sec) 381.14 24428 2371 2484 10.60 7.79
2 E Total Excursion Time (%) 4.65 298 0.49 0.17 0.25 0.02
2 2 | Total Excursion Area (deg-sec) -4096.58 -2414 82 -153.45 121.17 -139.12 9772
# 2| Total Excursion Area (%) 333 -1.03 -1.15 103 -0.57 048
= Mean (deg) 10.54 26.48 12.77 532 27.72 5.00
% - Median (deg) 12.80 30.94 1291 5.21 30.76 5.03
g é Mode (deg) 16.00 38.00 15.67 0.58 3533 1.15
T % Maximum (deg) 5569 7239 4542 2.00 66.83 287
!E E Minimum (deg) -67.51 -63.64 -45.65 11.08 -49.60 3.25
S B Range (deg) 123.20 136.03 91.07 9.37 116.43 4.40
; ‘_'Z Standard Deviation (deg) 11286.18 11012.73 1652.50 45951 1549.07 35025
-é: - Skewness 1.63 2.09 1.62 0.66 235 0.56
/e Kurtosis 477 6.45 531 205 984 284
. Full Waveform Windows (n=3)
Subject 16 - -
Right Left Right (Avg.) Right (S.D.) Left (Avg) Left (SD.)
? Max. Excursion Time (sec) 5542 4921 28.22 11.53 27.69 2037
= § Max. Excursion Area (deg-sec) 476.88 303.93 266.94 171.15 83.12 7464
g é Total Excursion Time (sec) 3045.86 1111.65 330.17 48.27 106.60 51.09
‘E K Total Excursion Time (%) 37.19 13.57 1336 12.55 536 712
= E: Total Excursion Area (deg-sec) 15269.37 3018.70 1739.77 136.99 283.59 184.92
=} Total Excursion Area (%) 14.42 4.45 14.41 1.46 4.15 2.44
2 Max. Excursion Time (sec) 0.00 356 0.00 0.00 141 1.04
% Max. Excursion Area (deg-sec) 0.00 -27.05 0.00 0.00 -6.90 542
£ 3| Total Excursion Time (sec) 0.00 60.77 0.00 0.00 562 6.63
i" : Total Excursion Time (%) 0.00 0.74 0.00 0.00 021 0.18
% Total Excursion Area (deg-sec) 0.00 -266.37 0.00 0.00 -22.59 2341
5 Total Excursion Area (%) 0.00 -0.39 0.00 0.00 -0.36 040
Mean (deg) 12.75 3.19 13.06 0.82 5.18 1.98
- Median (deg) 12.66 3.33 12.43 1.36 4.16 1.90
K ':—.: Mode (deg) 10.00 2.00 12.00 4.36 11.33 8.33
é § Maximum (deg) 77.66 61.47 43.13 3.66 25.59 1.24
; g Minimum (deg) -9.86 -32.20 -3.97 1.88 -24.68 5.97
; ?;'un Range (deg) 87.52 93 66 49 10 477 5026 5.74
E’ ‘E Standard Deviation (deg) 17855.41 14841.08 2581.31 258.59 2408.58 131.03
% = Skewness 1.63 1.14 1.37 0.40 1.26 0.34
Kurtosis 428 2.76 412 1.28 391 1.48
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Subject 17 Full Waveform Windows (n=3)
Right Lefi Right (Avg) Right (S.D.) Left (Avg) Left (SD.)

- 2 Max. Excursion Time (sec) 22343 91.79 41.50 922 33.62 14 38

é % Max. Excursion Area (deg-sec) 5170.53 2292 48 770.99 131.51 998.73 708.61

5 ; Total Excursion Time (sec) 497136 3029.18 576.44 87.14 383.13 11453
'E K Total Excursion Time (%) 5932 3615 16.89 11.99 13.88 14.59

E‘ E: Total Excursion Area (deg-sec) 61147.40 42753.48 5578.45 1925.54 4823.69 792.07
-2 Total Excursion Area (%) 3537 27.09 2930 498 2783 6.34
- E Max. Excursion Time (sec) 2521 128.41 7.14 455 3288 2123

% % Max. Excursion Area (deg-sec) -655.08 -2795.16 -77.32 62.36 -257.91 16825
E ; Total Excursion Time (sec) 366.29 1633.92 27.20 23.19 146.02 89.27
2 E Total Excursion Time (%) 437 19.50 0.76 0.54 3.03 0.68

2 2 | Total Excursion Area (deg-sec) -4236.16 -18325.36 -249.13 22320 -1240.21 714.06
~ 5 Total Excursion Area (%) -2.45 -11.61 -1.21 0.83 -6.92 3.50
= Mean (deg) 17.38 5.97 16.32 095 8.12 4.96
% - Median (deg) 17.27 6.70 16.06 0.64 8.93 6.71
g é Mode (deg) 17.00 27.00 12.67 5.86 8.67 2458
T % Maximum (deg) 7345 7493 71.01 416 59.78 577
E E Minimum (deg) -76.80 -90.94 -60.86 8.66 -70.89 8.89

S B Range (deg) 150.25 165.87 131.87 9.97 130.67 13.17

; :E Standard Deviation (deg) 0849018 6450.21 154977 39898 1099.92 130.41
-é: - Skewness 194 0.73 2.26 097 175 0.56
/e Kurtosis 6.12 202 813 572 712 320

. Full Waveform Windows (n=3)
Subject 17 - - - -
Right Left Right (Avg) Right (SD.) Left (Avg) Left (SD.)

0 Max. Excursion Time (sec) 11897 148.11 56.60 37.81 3241 10.72

- § Max. Excursion Area (deg-sec) 689.69 17396 34530 32285 174.69 101.46

E é Total Excursion Time (sec) 2390.45 1229.52 368.47 226.31 146.96 109.38
; K Total Excursion Time (%) 28 52 14 67 11.53 1136 343 1.68

= E: Total Excursion Area (deg-sec) 11696.17 5950.36 1970.01 1098.02 530.86 386.33
=} Total Excursion Area (%) 11.85 7.18 14.85 7.22 5.11 3.65

2 Max. Excursion Time (sec) 22434 4199 2545 40.57 13.89 11.97

% Max. Excursion Area (deg-sec) -1338.43 -116.24 -119.74 19954 -75.89 38.50

g g Total Excursion Time (sec) 51391 702.87 5227 86.68 90.54 40.70
E" : Total Excursion Time (%) 6.13 8.39 1.04 1.59 2.86 2.34

% Total Excursion Area (deg-sec) -2621.46 -3156.94 -262 .42 446.39 -451.72 231.14
5 Total Excursion Area (%) -2.66 -381 221 375 -4.20 1.61
Mean (deg) 7.67 2.09 9.70 7.69 1.23 541
o Median (deg) 8.66 3.20 11.08 7.54 1.02 8.10
5 ; Mode (deg) 7.00 6.00 13.67 6.81 4.00 9.17
E § Maximum (deg) 61.19 5451 48.46 2.94 3061 1.67
p_y E Minimum (deg) -36.76 -33.13 -20.28 424 -44.53 3.49
:I': %n Range (deg) 9795 107.65 68.73 637 75.14 507

z B Standard Deviation (deg) 13657.63 11462.12 2200.68 394.70 1758.56 241.05
E” = Skewness 1.33 1.00 1.73 0.50 1.18 0.06
Kurtosis 3.65 2.77 6.19 312 3.62 0.57
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Subject 18 Full Waveform Windows (n=3)
Right Left Right (Avg.) Right ($.D.) Left (Avg) Left (SD.)
o E Max. Excursion Time (sec) 279.16 388.88 110.57 48.53 202.76 170.75
é % Max. Excursion Area (deg-sec) 403527 9284 36 1679.15 137152 469402 412119
5 ; Total Excursion Time (sec) 5130.79 4800.12 803.52 55.82 687.05 161.89
D‘,_ [ Total Excursion Time (%) 79.19 74.08 19.01 6.24 16.72 7.49
E ?: Total Excursion Area (deg-sec) 68206.67 91478.55 10541.83 235734 12854 48 6084 51
-2 Total Excursion Area (%) 4323 51.07 4361 6.44 49.30 9.56
- Z Max. Excursion Time (sec) 33.05 21.68 1.15 093 6.12 8.16
% % Max. Excursion Area (deg-sec) -93324 -388.56 -18.54 27.17 -19.37 8919
é ; Total Excursion Time (sec) 83.16 89.71 3.56 332 9.69 12.05
2 ‘1_; Total Excursion Time (%) 128 1.38 0.10 0.12 0.19 0.18
2 # | Total Excursion Area (deg-sec) -1565.55 -1554.93 -27.49 33.99 -130.48 160.97
® 2| Total Excursion Area (%) 0.9 087 012 016 065 0387
g Mean (deg) 23.15 26.41 25.13 3.28 2599 8.62
% - Median (deg) 24.98 28.89 2545 3.18 26.66 10.13
g ;; Mode (deg) 27.00 36.00 2133 2.89 26.67 13.01
T % Maximum (deg) 69.69 86.24 57.73 4.24 68.74 8.16
E E Minimum (deg) -69.65 -63.21 -33.20 16.38 -50.86 4.535
s B Range (deg) 139.34 149.45 90.94 18.40 119.60 11.10
; ':3’ Standard Deviation (deg) 8789.80 7034.28 1592.64 249.90 1363.85 212.61
5 Skewness 1.69 147 125 0.49 2.03 027
/= Kurtosis 451 4.35 332 151 7.20 272
L Full Waveform Windows (n=3)
Subject 18 - - - -
Right Left Right (Avg) Right (SD.) Left (Avg) Left (SD.))
Z| Max. Excursion Time (sec) 11.28 0.37 0.00 0.00 0.00 0.00
- ?j Max. Excursion Area (deg-sec) 95.59 0.80 0.00 0.00 0.00 0.00
§ é Total Excursion Time (sec) 3233 0.51 0.00 0.00 0.00 0.00
*E = Total Excursion Time (%) 0.50 0.01 0.00 0.00 0.00 0.00
= E: Total Excursion Area (deg-sec) 194.49 0.93 0.00 0.00 0.00 0.00
=} Total Excursion Area (%) 0.17 0.00 0.00 0.00 0.00 0.00
-AE Max. Excursion Time (sec) 121.03 68.53 60.11 19.31 21.76 1333
% Max. Excursion Area (deg-sec) -2250.35 -945 96 -866.25 61274 -134.49 99.75
é Z Total Excursion Time (sec) 378392 858.02 650.75 12211 123 96 95.57
= = Total Excursion Time (%) 58.40 13.24 16.19 8.86 2.86 2.10
; Total Excursion Area (deg-sec) -28821.01 -3654.66 -5484.76 2024.59 -460.29 156.61
5 Total Excursion Area (%) -25.24 -6.65 -29.83 814 -6.73 173
Mean (deg) -17.35 -637 -19.17 213 -3.54 483
T . Median (deg) -16.53 -6.98 -19.11 2.56 -5.64 6.36
= :EJ Mode (deg) -15.00 -7.00 -15.33 833 -7.33 6.11
é g Maximum (deg) 36.55 51.36 7.54 3.45 13.02 3.19
_: E Minimum (deg) -52.16 -39.83 -46.95 342 -36.49 081
§ 5 Range (deg) 88.71 91.19 54.49 6.50 49.51 3.50
E 'E Standard Deviation (deg) 12983.63 12529.06 212213 639.68 3025.29 143.22
% = Skewness 1.57 1.25 0.85 0.42 1.90 0.06
Kurtosis 423 3.12 2.66 0.69 6.18 0.07

87




A.6  Shoulder Test Results with Maximum and MinimumValue Bars
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Figure 24. Average Results for Shoulder Validation Test withT2ials: A) Yaw Angle
of Sensor for Each Region , B) Pitch Angle of SerigoEach Region
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A.7 Task Percent Area Charts for Wrist Motion at Ste 2

Subject 1 Percent Area

Extension Ulnar Deviation Flexion Radial Deviation
Window/Wrist| Right | Left Right | Left | Right Left Right Left
1 13.75| 38.92 5.24 0.01 -16.28 -2.70 -2.08 -24.54
2 29.23| 38.99 4,22 0.02 -8.4y -4.01 -5.02 -23,72
3 18.41| 38.67 4.84 035 -11.10 -3.09 -1.53  -15.31
4 15.47| 36.78 3.15 0.66 -13.36 -2.59 -2.08 -17.17
5 14.20| 30.79 0.81 0.0Y -15.00 -2.79 -16/55 -22.18
6 24.37| 46.24 10.63] 0.02 -7.52 -5.84 -1.81  -18.10
Average 19.24f 38.40 4.82 0.19 -11.96 -3.50 -4.85 0.12
Subject 2 Percent Area
Extension Ulnar Deviation Flexion Radial Deviation
Window/Wrist| Right | Left Right | Left | Right Left Right Left
1 46.09| 0.06 0.03 0.00 -0.30 -56.22 -9.98 -21/43
2 39.77| 1.23 3.50 344 -221 -46.75 -6.07 -5.p8
3 4405, 0.21 0.84 156 -0.83 -54.81 -5.74 -6.92
4 48.17| 0.17 0.17 059 -0.34 -54.10 -5.37 -7.78
5 39.87| 0.20 0.16 0.74 -0.86 -56.21 -4.24 -5.86
6 35.17| 0.15 0.00 0.0 -04% -53.96 -5.82 -6.65
Average 42,19 0.34 0.78 1.0 -0.83 -53,68 -6.20 998
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Wrist Motion Histograms for Site 3
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