Viewpoint Invariance in Automatic Gait Recognition
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1. Introduction

Biometrics are not perfectand mary suffer from social and
practicalproblems.Onemay needto make physicalcontactwith
systemsfor example fingerprinting, or suffer social embarrass-
mentwheninterrogatinga voice recognitionsystem. Biometrics
thatneedno physicalcontactsuchasfacerecognitionaremoreac-
ceptableao usershut canbelimited by practicalissuesuchasface
visibility. Gaitis oneof the newestbiometricsandhaspotentialof
overcomingmary problems. It requiresno contact,is not easily
concealecandusesthe body asa moreaccessibléargetwhich is
why it attractsmuchinterestandresearchor possibleapplication
in identificationat a distance.Thereis arich literature,including
medicalandpsychologicabktudiesjndicatingthe potentialfor gait
in personaldentification[4. Early medicalstudiessuggesthatif
all gaitmovementsareconsideredhengaitis unique.Murrays[3
work indicateghatgait contain24 differentcomponentgjiving it
therichnessmecessarjor a successfubiometric.

Hip rotationcanbe modeledasa simplependulumwhosemo-
tion is approximatelydescribedby simple harmonicmotion and
canbe expressedas a Fourier series[1]. This hasalso beenex-
tendedto includethe lower leg by using a bilaterally symmetric
and coupledoscillator model[g, wherethe signatureis created
from the phase-weightednagnitudeof the lower order Fourier
component®f boththethigh andlower leg rotations.

CarterandNixon[2] usea modelbasedperspectie technique
to correctmeasuredjait anglesfrom geometricallymarked limb
positionstransformedunderoblique trajectoryanglesto the ob-
sener. They shav that gait signaturesbasedon phaseand high
orderamplitudemeasurementareindependentf pose.

We generalisdurther on this modelby including cameraele-
vation angle. We analysethe effects of differenttrajectoriesand
elevation anglesfor multiple periodsof syntheticgait and shav
thatsubjectpositionis important.We developanew techniqueand
experimentallyconfirm that anglescanbe successfullycorrected
which shavs promisein normalisingmultiple periodsof human
gaitundersimilar conditions.

2. Gait Signatures and Pose

We considera modelbasedechniqueto correctmeasurean-
glesundersimplepin hole perspectie geometry Anglesdefined
betweentwo points, say the hip and kneepositionsor kneeand

ankle,aredeformedby theperspectie transformationmotiontra-
jectory angle,and cameraelevation angle. Previous work[2] on
viewpointinvarianceshavs thathumangait measurealongvary-
ing trajectoryanglesé to the cameracan not be simply cosine
correctedfor the trajectoryangle,but thatthe angleof the plane
of theleg swing «,, with respecto the vertical, mustbetakeninto
account.

tan v
cosé

Equationl describeshetruethighangleg in termsof themea-
suredangle, the trajectoryd, andthe inclined thigh o angles
undersimplepin hole perspectie geometry This impliesthatthe
true hip anglecan be calculateddirectly from the measuredan-
gle andthatthe correctionis simply alinearscalingwith anoffset
dependanbn trajectoryandhip inclination angles. The equation
alsosuggestshatif tan ¢ is usedinsteadof theangle¢ itself asa
measurethena biometriccanbe extractedwithout knowledgeof
thetrajectoryandhip inclinationangles.

tan ¢ =
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Equation2 is a modified Fourier serieswherethe amplitudes
of the higher harmonicshave beennormalisedby the amplitude
of the fundamental.Combiningthe anglecorrection,equationl,
andequation2 suggestshatphaseandhigh orderamplituderatios
form a gaitsignaturethatis independentf pose.

3. Simple Angle Correction

Thetruethighangleg, is definedby the anglebetweerthe hip
andkneepoints, H and K respectiely. We assumehat people
walk periodicallyin straightlines alonga trajectoryé degreesto
the X axis, with a smallinclined hip anglea andthe camereele-
vatedby 3 degreesfrom thegroundplane.

In a simple projectve camerasystem,measuredjait angley
is computedrom the projectedpositionsof the posetransformed
hip, andkneepoints, H' and K’ respectiely for acameraC with
focal distancef.
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(a) FrontView (b) PlanView (c) SideView

Figurel: Frontview shavs thetruegaitangle$, measuredela-
tive to the Hip (H) andKnee(K) positions. The planview shavs
thetrajectoryanglef, correspondingo thedirectionof motionand
thesideview shavsthethighinclinationanglea from thevertical.

FEG fH,

C.—K., ~ C,—HL 3
tany = 3)

C.—H, C, K.

The posetransformis definedby rotating the hip and knee
pointsby the trajectoryf andelevation 8 anglesthentranslating
alongthedirectionof motion. If the camerais assumedo befar
away from the subjectthedepthvaluesC, — H, andC, — K, are
much greaterthan the componentof position so the z,y trans-
lational componentganbe negglectedandthe true angleequation
canbeexpressedn termsof the measure@ndrotationangles.

tan 1 (cos o cos 8 — cos @ sin asin 3) + sin a sin @
tan ¢ sin @ sin B + cos 6
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This equationis invariantto subjectpositionandcameraocal
distancethereforalsoinvariantto cameraview angle.

tan¢ =
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Figure2: Multiple periodsof syntheticgaitsignatureor trajecto-
riesat 0 and-20 degreeswith a 30 degreecameraelevationangle
anda 6 degreethighinclinationangle.

Figure2 shavs multiple periodsof syntheticgait signaturefor
subjectavalking at 0 and-20 degreetrajectorieswith a 30 degree
camereelevationangle. It alsoshavs thatthe fundamentaperiod
of gaitis unafectedby the poseand projectiontransforms,and

thatequatiord is agoodcorrectioncloseto the optical axis of the
camerawherethe error of neglecting the positionalcomponents
is minimal, i.e: a tracking camerasystem. However, corrected
anglesdeviate greatlyfrom the true referencesignatureat greater
distancesrom the opticalcentre.

4. Off AxisCorrection

Obviously the position of the subjectcant be ignored,this is
dueto the translationalcontritution to the perspectie distortion.
Themodelmustthereforbe adjustedo incorporatethe positional
components For simplicity we formulatea correctionfor trajec-
tory # andelevation 8 withouttheinclinedthigh anglec, but note
thatageneralkorrectionis possibleusingthe samemethod.

The posetransformedthree spacepoints H', K, definedby
rotatingthe H, K pointsby the trajectoryd andelevation 8 an-
glesthentranslatingalongthedirectionof motion,aremappecdoy
projectionof the camerato theimagecoordinatesh andk. The
measuredingleequationcanthen be rewritten in termsof these

T
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Thecorrectionequationb, containshe cameréocal length f,
thereforunlike the simpleanglecorrectionof equatiord is depen-
danton the cameraviewing angleaswell asposition. The cor
rectionhasno simplelinear approximatiorthatallows a measure
to bedirectly extractedasin equation2 without knowledgeof the
trajectoryandelevationangles.

4.1. Laboratory Experiments

A testpatternwith groupsof pointswasplacedon arigid sur
face. Theanglecorrectionin equation5 wasappliedto the mea-
suredclusteranglesand the correspondenceglotted for similar
anglegroupsat differentdistanceslongthetrajectory

Figure 3: Test group patternsshavn at -30 degree trajectory
and 30 dggreeelevation anglescapturedusinga Hitachi KP-111
suneillancecameragplacedé metresfrom thetamget.



Sincethe orientationof thetestpatternis knovn andthefocal
length f is constanthe cameraneednot be calibrated. The true
anglecorrespondingo the angle combinationacrossthe groups
canbe found by minimising the varianceof the correctedangles
overtherangeof f.
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Figure4: Angle correctionanderrorplotsonarealdataimagefor
similar pointsacrosggroupsat-30 degreetrajectoryand30 degree
elevationangles.

Figure4 shavsthatsimilarangleswith differing displacements
modifiedby thetrajectoryandthe cameraviewing transformscan
successfullype correctedoy usingthis method.

Equation5 canbegeneralisedo includethehip inclinationan-
gle a. Onformulatingthe generalcorrectionandsubstitutingthe
frontoparallelparameterd = 0, 8 = 0 into theequationleadsto
thecorrectionrequiredfor hip inclinationanglec in frontoparallel
motion.

sin o
f

Anglewarpingis greatesturtherfrom theopticalaxissoimage
sequencewherethe subjectis filmed traversingacrossandclose
to the cameracould suffer from this distortion.

Figure 5 shaws an error correspondingo a maximumdiffer-
enceof 3.7 and 1.9 dggreesseenfurthestfrom the optical axis
in the 5 and 10 metre cameradistanceplots respectiely. This
may ultimately limit the recognitionratesobtainedin laboratory
experiments[15] if nottakeninto account.

tang = (hy tan® + hs) + tant cosa (6)

5. Conclusions

We have shavn thatthe smallangleassumptiorfor neglecting
positional[z, y] informationin the generalisecsimpleanglecor
rectionholdsfor positionscloseto the optical axisbut quickly be-
comeddistortedeven undermoderatecameradistancesThe sim-
ple anglecorrectionmay have an applicationin trackingcamera
systemswvherethe subjectis alwaystargetedat the opticalcentre.
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Figure5: Absoluteerrorsmeasuredetweerthe true gait signa-
tureandthemeasure@dnglesfor cameraplacedat5 and10metres
from the subjectin frontoparallelsyntheticmotion data. The hip
inclinationanglehasheensetto 6 degreesto generataheplots.

It has beenshavn that the new angle correctiontechnique
works underknown orientationto the camera. We have shavn
thatsimilaranglesacrosgpointgroupsin testpatternimageswhen
transformedand projectedcan be corrected. This is directly ap-
plicableto humangait wheresimilar anglesin subjectspaceare
definedat positionsof equalphaseandat integer multiplesof the
period.

The resultspresentederecould have implicationson current
techniqueshatusepointsandanglesasa basisof biometriciden-
tification for subjectswalking at anglesto the camera.The model
andthe correspondingorrectionindicatesthat thigh inclination
anglescontrikute to the distortion acrossfrontoparallelmotions,
causingdissimilarsignaturesor nearandfar motionsof the same
subject. Experimentswith realworld multi periodgait datais re-
quiredto backup the theoryin this work, especiallyconcerning
theerrorin projective distortionin frontoparallelmotion.
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