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ABSTRACT

We have developed a compact, wireless, wearable sensor-impregnated
shoe that is used to monitor the ground reaction force data exerted on
the foot during walking. This paper discusses the entire system that
consists of two basic units: mobile transmitting unit and stationary
receiving unit. Detail information about the pressure distribution and
relative position of the foot is provided with real-time and wireless
transmission of the data from instrumented shoe attachment to a receiver
connected to a nearby personal computer. This is designed and tested
that it can overcomethe physiological constraint problems of most kinetic
method of gait analysis.
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INTRODUCTION

Gait analysis (also called motion analysis) isthe quantitative measurement and

assessment of human locomotionincluding both wa king and running. A number of

different disciplinesusegait analysisprimarily to seek abetter understanding of the
mechanism that norma ambulatory useto trand ate contractionsabout articulating
jointsinto functiona accomplishment [Daviset d., 2000], aswdl asfor clinicd use

e.g., diagnosing and allowing selection from amongst treatment options|Baker,

2006]. Thediagnogtic effectiveness of gait hasbeen criticised based on inaccurate

interpretation of data—thisvariesfromclinicianto clinician and fromingtitution to

ingtitution [ Simon, 2004]; lack of efficacy datashowing that functional outcomes
areimproved duetogait anays's, and theact of processing and transforming v uable
raw datafrom one platform to another for analysisgait analyst may include some
artifactsleading to analytical errors. Asaconsequence of theseissues, the cost-
effectivenessof gait analysisasaclinical tool wascaledinto question[GCMAS,

2008]. Theimportanceof gait andyss, e.g., thesystematic evd uation of thedynamics

of gait, isgradudly being recogni zed enabling Medicare coverage. Thetechnologies

involvedindinicd gait andyssinclude:

i Utilising specidised computer-interfaced video camerasthat measure patient
moation.

i Placing passivereflectivemarkerson the surface of apatient’sskin, aligning
with specific bony landmarksand joints, and enabling the kinematicsto be
data-captured by the video cameras, which may be interfaced with a
centrally-controlled compuiter.
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i Using multicomponent force platformsimbedded inthewal kway to provide
kinematics measurement; i.e., thereaction between foot and ground asthe
patient walks.

Y Placing electrodes on the surface of the skin or inserted asfinewiresinto
specific musclesallowing the patient’ sdynamic e ectromyography (EMG)
to be monitored asthe patient walks.

Kinematic gait analyssislimited by smplified marker setsand related models. The

mgority of setsinclinica useweredevel oped withlow resolutionimaging systems

S0 required various assumptions about body behaviour [Collinset a., 2009]. Thus,

thereisaneed to devel op agait measuring devicethat ishigh sensitive, accurate,

non-intrusive and that al owswide measuring range permitting databetransferred
and stored wirelessly.

Thispaper presentsagait device devel oped that measuresawide measuring range

permitting databerecorded, transferred and stored e ectronically and wirdlesdy in

microseconds. Thegait system alowsrepeatability of measurements.

System Design: Figure 1 showsthe Gait Monitoring System (GMS). The GMSis
designed as a telemetry system comprising two major units based on the physical
separation produced by radio links between the two end units, namely: (a) the
lightweight, battery powered mobiletransmitting end unit, and (b) the stationary data
processing and receiving unit.

Signal conditioning

Improvised sensors . . Microcontroller FM transmitter
circuit (amplifier)
[a) Mobile subsystem
Computer
FM receiver Dual driver/receiver
[b) Stationary subsystem

Figurel: Block diagram of Gait Monitoring System

Themobile subsystem isthe portable part of the system, whichiscarried onthe
body of the subject during gait monitoring. This subsystem consistsof apair of
instrumented shoes, signal pre-processing circuit and a FM transmitter. The
measurand of the systemisthe ground-foot forcethat isexerted on thefloor during
walking. Thetransduction isdone using improvised sensorsimpregnated to the
sole of flat-soled sport shoes—al so devel oped—as shown in Fig. 2. The sensors
are congtructed of two layersof flat plates, which are separated by polystyrenethat
wasimpregnated with pasteof € ectrolyte. Thesignasfromthemultipleforcesensors
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wereamplified, convertedto digital signa format, encoded, frequency-modulated
at 433MHz and transmitted. The Stationary Receiving End Unit iscomposed of
FM Recelver—thefront-end of thereceiving unit, dual driver/receiver—enabling
decoding, voltageregulation and transmitting decoded signalsat up to 120kbits per
second to aPersonal Computer (PC) using Digital Interface Modulewith serial
port. Thedataisstored inthe PC for further processing and analysis.

Theradiolink between the mobile part and the stationary processing part
hel psto overcomeal ot of problemscommon to most gait-monitoring equipments;
e.g., thepsychological restraintson the subjects. Theradiolink unit aso provides
meansof continuous monitoring of the gait data, and moreimportantly, it provides
electricd isolation of thetransmitting end from the sationary part of the system, and
thereby isolating the subject from themains supply. A Visual C++ programming
language was used for the Programmable I nterface Controller Microcontroller
because of its powerful featuresin devel oping applicationsfor embedded system
without compromising performance or control . A database of measurementswas
devel oped ensuring usage for immediate and future use; thus serving asresearch
andclinical assats.
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Figure2: Strategic érrangement of sensorsfor theinstrumented shoes
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MEASUREMENT METHOD
A tota of 30 malesand 45 females, without any known physical disabilities, were
selected from among students and staff members of the Federal University of
Technology Akure using asimplerandom sampling method. Each subject, at a
time, wasmadeto wear theinstrumented shoesand madetowalk withit. Before
starting acquiring datafrom asubject, the Sensors offset was activated. Thisis
necessary for soft nulling of the Op-Amp Offset. The subject isthen asked to stand
erect and to remainin thisposturefor sometime. At thistime, thegait capturing
command wasactivated to acquirethe datafrom theforce sensors;, the dataacquired
at thispoint correspond to the subject’ sbody weight. After thisinitial measurement,
the subject wasthen asked to start walking at his’/her normal walking speed (ona
flat floor of thelaboratory i.e. freewa king speed). Thissubject isalowed to continue
towak withinstrument on, so asto make him/her get accustomed to theinstrument
such that the measurements were taken at the subj ects steady state, and at time
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when he/shewill not beaware. Thisgresatly helpsto overcomethe psychol ogical
effect of theinstrument on the subject [Oyeniran, 2012]. Each run of measurement
cycleisstored inthe computer memory-aong with the subject’sidentification data,
which weretaken beforethetest. Theseidentification datainclude the subject
name, weight, height and sex. Almost immediately after thetest run, the outline of
thefoot forcesisdisplayed for each of thefoot sensorsfor visua observation of the
subject’sgait. Thisisfollowed by further analysisof theacquired data. Thekinetic
datawereexaminedinthefrequency and amplitudedomain sincethisislessaffected
by dight variationin waveform and sharp discontinuities, and would reflect the
symmetry inthegait databetter. Thekinetic datafor each sensor weretransformed
to thefrequency domain through Discrete Fourier Transforms. Invariability of the
kinetic variableisconsidered asign of symmetry of thegait waveform, and standard
deviation hasbeen suggested to beameasure of the step-to-step asymmetry variation
ingait[Hannahet a, 1984]. Thismethodisparticularly pursuedinthisresearchto
determine gait asymmetry— typical for hemiparetic gait [Mayer, 2002]. Sincethe
test runsareindependent, the resulting samplesfrom the single subjects can be
considered asrandom sample. From the theory of random sampling, asamplecan
be considered asrandom of successivetrialsif the experimentsareindependent,
and thefrequency function of therandom variableremainsthe samefromtria to
trid.

RESULTSAND DISCUSSION

Inorder tointerpret results, itisusually necessary to providefurther computations,
which estimate the desired parameters of interest or the parametersthat describe
the physical processbeing measured. Thishelpsto provideanalytical solutions
particularly intheeva uation of thetest procedureto guidein making ussful decision.
In computation of thevarious parameters, scaling of theraw dataisnecessary snce
alargevolume of dataand problemsof discontinuitiesare usually encountered.
Sincethe dataprocessing will haveto do morethan just plotting, ageneral and
specialised subroutines (or functions) and computer programs must bewrittento
achievethe desired objectives.

Apart fromthe scaling, other operation that isroutinely performed onthe
data is Fast Fourier Transform (FFT) for frequency (or harmonic) anaysis.
Frequency anaysisisavery important operation in dataprocessing, which provides
information about thesignificant frequenciescontained inthedata. The Gait system
anayser transformsthediscretetime gait datainto thefrequency dataand thiswas
used to determinetherel ative magnitude of the harmonic content of the gait data.
Thecorresponding waveform of each sensor canbeviewed dearly inather amplitude
frequency plot—asinFig. 3(a), or amplitude-timeplot, asin Fig. 3(b).
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(8) Samplewaveformsobtained using amplitude-frequency on some subjects
Figure3: Measurement and Analysisof Gait Data

(b) Samplewaveforms obtai ned using amplitude-time plot on some subjects
Figure3: Measurement and Analysisof Gait Data

Theresults obtained from the experiments show the peak value, theroot
mean square (rms) value, and the mean frequency of each sensor for both right and
left legs. Also the software was configured in away that all the corresponding
valuesshow clearly on the screen. Theresults of thetest and measurement carried
out on the gait monitoring system show that (a) the peak value, the root mean
sguare (rms) value, and the mean frequency of each sensor for both right and | eft
legs; and (b) ahigh correlation that the system can be used in monitoring of human
gait pattern as well asin analysing the waveform depending on the index of
comparison chosen for consideration.
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CONCLUSION

The development of acomputer-based gait monitoring system to determine gait
asymmetry hasbeen carried out. Also devel oped isacompact, wireless, wearable
sensor-impregnated shoe that is used to monitor the ground reaction force data
exerted on thefoot during walking. Thewholegait monitoring system consists of
two parts; thelightweight, battery powered mobiletransmitting end unit; and a
Sationary dataprocessing and receiving end unit. Thetwo subsystemsarewirdesdy
radio linked, thus overcoming the psychological restraintson the patients, aswell
asproviding continuousmonitoring of thegait data, and moreimportantly necessary
electrical isolation inthe system. Thedatatransfer modeisfast and accurate. The
test and measurement taken with the gait monitoring system showed thet the system
could be used asresearch and clinical tools. The gait monitoring systemisbeing
devel oped for commercia and clinica use.
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