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SECOND ORDER CHANGE DETECTION, AND ITSAPPLICATIONTO
BLINK-CONTROLLED PERCEPTUAL INTERFACES

Dmitry O. Gorodnichy

ComputationaVideo Group,lIT, NRC-CNRC,Ottava, Canad&K1A OR6

ABSTRACT

Theconcepbf thesecondrderchangedetectionwhich
allows oneto discriminatethelocal (mostrecent)changen
image,suchasblink of the eyes,from theglobal(long last-
ing) changesuchasthemotionof headjs introduced.This
conceptsetsthe basefor designingcompleteface-operated
control systemsjn which, using the analogywith mouse,
“pointing” is performedby noseand“clicking” is performed
by double-blinkingof theeyes. Theimplementatiorof such
systemss described.

1. INTRODUCTION

We considerthe problem of designingvision-basedface-
operatedcontrol systems.Thesesystemspftenreferredto
asperceptualserinterfaceq1], arecommonlytreatedasa
hands-frealternatve or extensionto mouse joystick, track
pad,track ball, andothertangibleinput devices. The main
applicationsof suchsystemsare seenin human-computer
interaction,video-conferencingimmersie and collabora-

offered a solutionto the first of thesetwo tasks[2]. This
paperproposes solutionto thesecondask.

We developatechniquewhich allows oneto detecteye
blinks in amoving head.For this purposewe introducethe
conceptof the secondorder change ,which is the change
of achangeobsenedin animage.We show that,similar to
thecommonlyusedfirst orderchangewnhichis computedy
consideringwo consecutieframesof video,thesecondr-
derchangecanbe computedisingthreeconsecutie frames
of video.

The proposedechniquenot only makesit possibleto
detecteye blinks in moving faces,which was previously
consideredlifficult, but alsosignificantlyenhancetheover-
all perceptuatapabilityof perceptuaVision-basedystems.
Our systemoperateswith off-the-shelfUSB camerasthe
binariesof it areavailablefrom our website[3] for public
evaluation.

2. PREVIOUSWORK

Excellentpupil localizationand blinking detectionperfor

tive ervironmentsentertainmentvatarlik e computergenerateghances reportedfor systemswvhich usestructurednfrared

communicationprograms,industry for disabledand secu-
rity.

Figurel illustratesa setupof aface-operatethteraction
system:a usersitsin front of a cameraor several cameras
mountedon top of and/orbeneatha computerscreenand
usedto monitor the users facemotion. A visual feedback
is providedto theuserasmeanf verifying the successful-
nessof therecevvedface-operatedommand.

For thesesystemdo be fully operationalthey have to
be ableto do two tasks. First, they shouldbe ableto track
a humanfaceboth robustly — with respecto headmotion,
andprecisely— with subpixel precision,sothatits position
canbe corvertedto a positionof a cursoror anothewvirtual
objectin 2D screen.Secondthesesystemsshouldbe able
to detecta facial expressionevent, which a userwould use
in orderto senda binary “on/off” commando the system,
analogougo themous€‘click” event.

TherecentlydevelopedNouse'Use yournoseasmouse
trackingtechnology which madeit possibleto track alib-
erally unconstrainedieadmotion with subpixel precision,

light (e.g. see[4]). Thesesystemgegisterthelight reflec-
tionin theusers’eyesin orderto locatethe pupils. Goodre-
sultsin eye blinking detectionarealsoreportedfor the sys-
temsbasednhigh-resolutionvideocamerawhich cancap-
ture eye pupils with pixel accuray [5]. Theseapproaches
howeverarenotsuitablefor applicationsvhichuselow-cost
USB camerasThesesystemsarealsocharacterizedby not
usingthe dynamiccomponentf video,which asdiscussed
in [6] is intensiely usedby mechanismsf visualattention
employedin biologicalvision systems.

A commonapproacho detectingnoving objectsin video
is basedn detectingheintensitychangebetweertwo con-
secutve framescausedoy the objectmotion[7]. The sim-
plestway of detectingsucha change which will referto
as the first order changg, is to usethe binarizedthresh-
olded absolutedifferencebetweentwo consecutie video
frames. This is whathasbeenusedso far by otherauthors
[8,9, 10, 11] to detectblinks. Howeverasnotedby [11], this
techniquefails to detecteyeswhena facemoves,because
mary candidateslso appeararoundthe faceboundaryas
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Fig. 1. Face-operategerceptualiserinterface:the systemdiagram(a) andthe systemat work (b). The photopictureshavs a useratthe
momentof selectinga“Y es”buttonin apop-up“Continue?Yes|| No || Cancel’window, which is performedhands-fredy usingnoseand

doubleblinking.
well asaroundnose mouthandotherpartsof theface.

3. SECOND ORDER CHANGE DETECTION

Using analogywith secondorderderivativesof functions,
we definethe secondrder change asa changeof achange.
We will shov now that, similar to the methodusedin nu-
mericalanalysisfor computingthe secondorderderivative
of afunctionbasedn consideringhreeneighboringpoints,
the secondorderchangen video canbe computedby con-
sideringthreeconsecutre framesof thevideo.

Object motion can be cateyorized as one of the four
types: 1) puretranslationin planeparallelto imageplane,
2) puretranslationn planeotherthantheoneparallelto im-
ageplane,3) rotationaroundopticalaxis of thecameraand
4) rotationaroundotheraxes.

For now let us considerthe motion of the first type, in
which anobjectmoveswith the velocity Vin imageplane,
undertakinga small local change. The goal of the second
orderchangedetectionis to localizethis local change.An
exampleof suchcombinedglobal (with respecto camera)
and local (with respectto the object) motion is shavn in
Figure2, in which a floppy disk moveswith respecto the
camera,with the protective cover sliding rapidly at some
pointfrom anopento a closeposition.

In orderto localizethe pixels which have changeddue
the cover motion,oneneedso remove out of all pixelsde-
tectedby thefirst orderchangedetectionshavnin first col-
umnin Figure2, thosewhich have changechecausef the
floppy disk motion.

Providedthatimagecaptureandprocessingateis fast,
e.g. tenframesper secondwhich is the casefor real-time
video systemsthe motion of the objectduring the entire
three-framesequencesan be consideredunchanged.This
malesit possibleto find all pixels that have changecbe-
causeof this motionandto filter themout. The entirepro-
cedureis illustratedin Figurel. The stepsof the procedure

follow.

Stepl. Computethefirst orderchangesccurredn the
currentandthe last video frames. One way of doing this
is to computethe binarizedthresholdedibsolutedifference
images:

Dt = @('It—It_1|—N) anth_l = @('It_l—It_2|—N),

wherel; indicatesheblack-n-whiteframeattimet, N isa
thresholdvaluewhich takesinto accountthe level of noise,
andO(-) is aHeaviside (step)function.

Step2. Find vectorV = (vs,v5) suchthat, by shifting
imageD;_1 by (v;, v;) numberof pixelsup/davn left/right,
it coincidesthe mostwith imageD;:

V = argmin||D; — Dy_1(V)]|,

where|| - || designatethe L; normof avectot

Step3. ShiftimageD;_; by (v;, v;) pixels,afterwhich
subtractheresultingimageDt,l(17) from imageD;.

Step4. Filter theobtainedmageD}, which hasalready
much smallernumberof bright (changed)pixels than the
first orderchangemageD;, with a medianfilter to remove
theremainingisolatedpixelsleft ontheboundaryof the ob-
ject.

As aresultof this four-stepprocedureye obtainanim-
agewhich shaws only thosepixels which are attributedto
themostrecent(local) changeobsenredin video.

Figures2 and4 show theresultsof runningthedescribed
procedurewith two objects.In thefirst casethe procedure
is usedto detecttheclosingof theprotective coverin amov-
ing floppy disk (Figure?2). In the secondcase,it is usedto
detecteye blinksin amoving head(Figure4).

It canbe seennow how the describedpbrocedurecanbe
extendedinto the casesvhenan objectdoesnot movein a
planeparallelto the imageplane,but movesin a different
planeor rotates For thiswe needonly to seethatthegoal of
Step3 of the proceduras to remove asmary bright pixels



Fig. 2. Secondorderchangedetectionin afloppy disk moving from left to right. The top row of snapshotshavs the secondast, last

and currentframescapturedby the camera. The resultsof the first-orderchangedetectionand the secondorder changedetectionare
shavn in the bottomrow in thefar left andfar right imagesyrespectiely. Thetwo imagesin the middle of therow shaw the pixelswhich

wereremoved from theleft imageto obtainthe rightimageby Step3 (first image)and Step4 (secondmage)of the secondorderchange
detectionproceduralescribedn the paperthe changeof thesepixelswascausedy the globalmotionof the object.

aspossiblefrom wherethe changedueto theglobalmotion
of the objecthappened.The two middle bottomimagesin

Figures2 and4 shaw the pixelswhich canberemorved. In

the caseof the headmotion, whatever it is - rotationalor

translationalthesdocationsareusuallytheboundaryof the
head,brow, mouth, hair and noselocations. The pixels at
all of thesdocationscanbefilteredaway by usingthesame
four-stepprocedurewith the only modificationthatimage
D,_,(V) to besubtractedrom imageD, shouldbedilated
several times beforethe subtractionto cover not only the
changedpixels but alsothe pixels in the neighborhoodf

thechangedixels.

3.1. Non-linear change detection

Computingfirst orderchangemagesD; and D;_; in Step
1 of the procedureby frame subtractionis fast, however
it is not very reliable, becausef the noisepresentin im-
age. The amountof noiseis especiallylarge when low-
guality camerasare used,or when camerasare equipped
with mechanismdgor automaticbrightnessadjustment. A
frame subtractionbasedchangedetectionalso fails when
lighting changesaswhenswitchingthelights on andoff.
Thisis why in orderto designachangedetectotolerant
to noiseandillumination changesye proposeo usetheal-

gebraicmethodfor detectingchangen animageasrecently
proposedn [7]. Accordingto this methoda pixel is con-
sideredto have changedonly if the areaaroundthe pixel,
calledthe supportareahaschangechon-linearly Oneway
of detectingsuchannon-linearchanges to comparevectors
Ty = {zi} and@y; = {zi41}, ¢ = 1...n, createdrom
the pixel intensitiesin the supportareaof pixel z in frames
I, and I, respectiely; the size of the supportarean is
typically chosento be 3x3. If thesevectorsare collinear,
thanthe changds linearandtherewasno changeobsened
in pixelz. Otherwisepixel z is consideredo havechanged.
Another, moreefficient, way of detectingannon-linear
changejs to usethe Wronskiandeterminantwhich for the
caseof two consecutre framesl; and ;4 is writtenas

W(hn) =13 oLy o
t+15 1t DD D S

If |W(Iyg1, It)| + |W (I, It+1)| is muchlarger thanzero,
thenpixel z is consideredo have changed.An interesting
featureof thisapproachs thatit doesnotdependnuchupon
thevalueof thethreshold.

It shouldbe mentionedat this point that althoughthe
describednethodfor detectingchangeusinglinearalgebra
makes changedetectionmorereliable, it slows down con-



Fig. 4. Detectingeye blinks usingthe secondrderchangedetection.The pixels changeecausef headmotionremoved by the second
orderchangedetectionprocedureareshavn at the bottomcenterimages.SeealsoFigure2.
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Fig. 3. A flowchartfor detectioneye blinks using with second
orderchangedetection.

siderablythe entirechangedetectionprocedurewhich cre-
atesarisk of missingafasthappenindocal change There-
fore care should be taken when using this method, espe-
cially whencomputerpoweris notvery big..

4. EYEBLINK DETECTION

The bestapplicationof the secondorderchangedetection,
which was also the inspirationfor its invention, is detect-
ing of eye blinks in video shaving heads.We suggesthe
following approactho do this.

After the pixels correspondindo the headmotion have
beenfiltered out by the secondorderchangedetectionpro-

ceduretheremainingmotionpixelsareusedo decidewhether

ablink occurredor not. First, the numberof the remaining

changedpixelsis examinedandif it is too small, meaning
that thereis no motion, or if it is too large, meaningthat
the backgroundhas changedthe eye detectiontechnique
is skipped. Otherwise the vectorquantizatiortechniqueis

employedin orderto classify bright (changed)pixels into

two classesgorrespondingo the positionsof two potential
“eyes”.

Using the learning vector quantizationparadigm[12],
weiinitialize two 2D prototypevectorscorrespondingo the
imagelocationof potentialeyes,with zeros. Thenwe train
themin iterative fashionusingthe positionsof the changed
pixels asthe training patterns. The winnertake-all update
ruleis used.

As the result of learning,the prototypevectorsmove
exactlyto thelocationscorrespondingo two largestclusters
of bright pixelsin the differenceimage(seeFigure4), with
the procedurdaking only onescanthroughtheimage.

Thedecisiononwhetherablink occurredor notis based
on examiningthe positionsof the corvergedprototypevec-
tors. Whenererablink occursthesepositionscoincidewith
eye positions.

4.1. Additional constraints

We have alreadyusedone constraintassumingthat both
eyesblink. While eliminatingthe caseof oneeye blinking,
which rarely happensnvoluntary, this constraintprovesto
bevery usefulfor detectingeyesfrom blinking.

Thefollowing areafew otherconstraintsvhichareadded
to speedup andto robustify the procedure First, geometri-
cal constraint@readdedsuchasaconstrainbnthedistance
betweenthe eyes, their approximatelocation and orienta-
tion.

Second,we use a multi-channelparadigmfor video-
basedface processingoroposedn [6]. Accordingto this
paradigm yvideoinformationis dividedinto colour, motion
andintensitychannels. Eachchannelis responsibldor the
specificsetof tasksfor which the channelis the mostsuit-



able. In particular the colour channel,which corvertsthe
capturedmagesto the perceptuallyuniform colour system
(UCS)representatiosuitablefor skin detection,is usedto

narrav the areaof interestto be processedy the motion

channefresponsibldor detectingof the eye blinks.

5. BLINK DETECTION AND THE NOUSE
TECHNOLOGY

The fact that the secondorder changedetectionmakes it
possibleto detecteye blinks in moving headsallows oneto
incorporatezye blink detectiorwith othervision-baseger
ceptualtechnologiespneof the mostsuccessfubf whichis
calledNouse- ‘Use your noseasa mouse!

The mainideabehindthe Nouseperceptuatechnology
consistdn trackingtherotationandscaleinvariantcornvex-
shapenosefeaturedefinedasthe point on the nosetip sur
facethe closestto the camera.As shawn in [2], this tech-
nology allows oneto track a liberally unconstrainedead
motion, representedy the position of the nosetip, with

sub-piel accurag.
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Fig. 5. Hierarchyof tasksin the Nouseface-operatedystem.

Figure5 shavsthearchitecturef theNousegace-operated

systemwith eye blink detectionincorporatednto it. As will
beseerblink detectiorallowsusto addafew improvements
to the system.

First, eye blink detectionis usedto build the histogram
of faceskin colour, which is usedin face detectionand
trackingstagegrecedinghe nosedetectionstage.

Second gye blink detectionprovidesan excellentway
of sendingbinary commandswith a face. In particular we
proposeto usethe “double-blink” eventasa hands-freel-

to turn Wouse OFF

O

Fig. 6. Usingdouble-blinkto switchNouseon/of.

ternative to a “click” in face-operatethteractionsystems.
The systemregistersthe “double-blink” eventif it detects
two blinks within 0.5 sectime lapsefrom eachother Con-

trary to a singleblink which happensnvoluntary double-
blink is mostly a deliberateaction and can be well per

formedby mostpeople.Anotheradvantageof usingdouble-
blinks for control is that it provides an additional spatio-
temporalconstraintfor eye verification— the positionsof

theeyesdetectedn two consecutie blinks shouldcoincide
within an allowable range. This constraintbecomesvery

valuablefor thesituationswhenfalsepositivesareundesir

able.

Figure6 shovsthesnapshobf the Nousehands-freén-
terface,in which nosetrackingis toggled‘on/off” by double-
blinking. The pictureis capturedat the momentof double-
clicking. Circlesoverlaidaroundthe eyesshav thedetected
eyes. Thebox shawvs the positionof the nosetip. Thenum-
bersat top of the imageindicatethe time (in msec)when
the currentandlastblink happened.

Finally, the ability to retrieve the position of the eyes
from blinking allows usto retrieve the entirefacein aform
cornvenientfor facerecognition. This makesfacerecogni-
tion in video more efficient. More detailson how this is
donearegivenin [6].

6. CONCLUSIONS

The proposedechniquefor detectingsecondorderchange
in videois a pawerful tool which hasimmediateapplication
in detectiorof theeyeblinksin video. Whencombinedwith
the non-linearchangedetectiondescribedn the paper this
techniqueallows oneto detectlocal or mostrecentchange
reliably with respecto noise,illumination changesndob-
jectmotion.

While thereareotherpapersndetectingeyesfrom blink-
ing with the applicationto designingperceptuainterfaces,
the presenpaperseemso be only onewhich demonstrates
goodresultsobtainedwith low-costcamerassuchasordi-
nary USB webcamson video sequenceshaving moving
heads. While the papershavs only the snapshotof our



blink detectionprogram the video sequencesf all experi-
mentalrunsdescribedn thepaperaremadeavailableat our
web-site[3]. Thewebsitehasalsothebinaryof theprogram
which canbedownloadedor testing.
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