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Abstract

We propcsea methodto control the camea in order to
obtan videoimagesthathaveminimumchangesof camen
motionunde the constaint of a plannal camea-work. A
camer-work for shootingan objectcan be definedby the
positionandthe sizeof the objectin ead videoimage. In
orderto obtan videoimagesthat are comfortalte for a hu-
manto seeg it is notnecessaryhatthe positionandthesize
oftheobjectin theimagesare exactlythesameasthespeci-
fiedcamen-work, butit isimportantthatthechargesofthe
camern motionis small. Consideringthis issue we control
the camen to minimizethe changesof the camen motion
sothatthepositionandthe sizeof the objectcontinie to be
within theacceptdle rance.

1. Intr oduction

Various studieshave beenpresentedn order to take
videcs of humanactiities suchaslecturesmusicconcets,
sportsganesandso on automaticlly[1][2]. It is requred
to shoota moving objectfor takingthosevidecs.

We conside thatthe shootingis specifiedby a value of
acamea-work. A camea-work is definedasa vectorthat
corsistsof the position,the velocity, the sizeandthe mag-
nification rate of the object, andthe velccity of the back-
groundin avideoimageateachframe We call thespecified
value of the camera-work a “target camerawork” (TCW).
All the elemetts in the TCW do not needto be specified.
For example whenwe wantto shootalectureratthecenter
of theimagein mediumsize,only the positionandthesize
of theobjectarespecified.

It is requred to contiol the cameraby referring images
sinceit sometimeshapgensthat the objectgoesout of the
imagedueto uncorirollable factos suchas noisein mea-
suringthelocationof the objectandunexpectedobjectmo-

tionsevenif the cameras contolled basedon the current
3D positionof the object in theenvironment.

Visualseno [3] is corventioral techniqueto contol the
cameraby referrirg images.Thetechnquealwayscontrds
the camerao redue the difference of the currentresultant
camerawork in the imagefrom the TCW. Whenwe em-
ploy this technque,the cameramotionis not stabilizedbut
contiruouslymodfied to realizethe TCW exactly.

In thecasewe take videcs of humanactivities sothatthe
videcs arecomfatablefor humanto see,it is importantto
redwce notonly thediffererce of theresultantcamera-werk
from the TCW but alsothe chargesof the cameramotion.
The chargesof the cameramotion causethe unstate mo-
tion of thebackgoundin thetakenimages.t is notalways
requred that the resultan camea-work in the imagesare
exactlythesameasthe TCW.

In our appoach,we introducean“acceptake range” in
orde to minimize the changs of the cameramotion. It is
sufficient if the resultantcamerawork is within a certain
range of the TCW. Therangeis given asthe upper bourd
andthelowerbouwndfor eachspecifiedelementin the TCW.
We corsiderthe resultaih camea-work is within therange
evenif theelemennotspecifiedn the TCW takesary value
in the resultantcamera-wark. This range is calledthe “ac-
ceptableange’

Our procesgonstitutesterative steps.For eachstep,we
estimatethe resultantcamerawork at the next step,which
is called“estimatedcamera-wrk” (ECW). If the ECW is
within the acceptale range, we do not chang the camera
contol paraneters.If not, we modify the parametes. The
paranetersaredeterninedfromtheECWsestimatedor the
next severalsteps sothatthe ECW is within theacceptable
range atasmary stepsin arow aspossibleafterthe modifi-
cation.

In order to realize the process, the systemfirst ex-
tracts the object region from the images by applying an
M-estimatorto the optical flow, and evaluateswhetherthe
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ECW is within the acceptableangeby applying Kalman
filter.

In theremairderof this paper, we will describethis pro-
cessin detail. In section2, we will describethe overview
of theprocessin the proposedsystem.In section3, we will
descrite the detail algorithm of the process.In section4,
we will presentheresultof a preliminary experiment. In
section5, we will give our concluding remaks.

2. Overview of the process
2.1 Environment

We considetthe casethata camerashootsa singlemov-
ing objed. The shootirg camerais moceledasa pin-hole
cameawith thecenterof prgectionatthecenterof rotation.
Thecameais contrdled by specifyirg its pan/tiltspeed'?,
C* andthezoomparaneterC*. Theseparanetersake dis-
cretevalues. The focal lengthof the camea f is given by
function f = g(C*). Sincewe areinterestedespeciallyin
shoding anindoa human, for exanple, alecturerin alec-
tureroam, it is assumedhat the objectis in an unkrown
rigid motionwithou rotationarownd the opticd axis of the
camea.

The camerawork is definedby the position(z,y), the
velocity(z,y), the sizefs) and the magrification rate@) of
the objectand the velocity(d,¢) of the backgourd in the
videoimageat eachframe(Fig.1). The positionof the ob-
ject is the centrad of the objectregion. The size of the
objed is the width of the object,becauseur target human
in animageis standingandmoving.

Figure 1. Elements of the camera-w ork

2.2 Generalframework of the proces

Generaframework of theprocessrealizedby oursystem
is shavnin Fig.2.

It is assumedhat the TCW is preliminary given or is
planredby othersystemsr human. All theelementsn the
TCW do not needto be specified. The acceptale range is
alsoassumedo begivenin adwance.
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Figure 2. Framework

An obsenation stage,an estimationstageanda control
stageconstitutea stepof the iterative processof the sys-
tem. At the obsenation stage we first extractthe resultant
camerawork from the current image. We call it the “ob-
sened camera-wrk” (OCW). At the estimationstage,we
estimatethe ECWsfor next several stepsbasedon the cur-
rentandthe previousOCWs.

At thecontrolstagejf necessaryve modify thecamera
contol paranetersbasedon the ECWssothatthe changs
of the cameramotionwill beminimized.

2.3 Minimizing the changesof the cameramotion

In orderto minimize the changsof the cameramotion,
we shouldnotmodify thecameracontrd paranetersaslong
aspossibleoncethey arechamged. The cameracontrd pa-
rametes are changd only whenthe ECW at the next step
is outof theacceptale range

We determire thenew cameracontrd paraneterssothat
the ECW is within the acceptableang at asmary steps
in arow as possible. We estimatethe ECWs not only at
next stepbut alsofor next severd stepshy Kalmanfilter. As
a result,we candeterminethe parameersthatleadto the
longestperioduntil the ECW will be out of the acceptable
range agan. If we would contrd the cameraby refering
theECW only atnext step theresultantcamerawork could
beoutof theacceptale rangeagainsoon.

The flow of the processdescrited above is summaized
below:

1. Extractthe OCW from video images(as described
section3.1).

2. Improve the current ECW by updatirg Kalmanfilter
usingthe OCW.

3. Estimatethe ECW at next stepbasedon the current
ECW by applying Kalmanfilter.

4. If theECW s within theacceptale rangethecamera
controlparameteskeepcurren values.Goto 1.



5. Otherwise estimatethe ECWsfor next N,,,, steps
by applying Kalmanfilter. ThecorstantNV,,, ., is de-
cidedfrom the precisionandthe processingime of
theestimation.

6. Determinethe valuesof the camea contrd parame-
ters so that the modified valuescan keepthe ECW
within theacceptale range atasmary stepsin arow
aspossible.

7. Modify thecameramotionwith changng thecamea
contrd parameersto thedeterninedvalues.

8. Goto 1.

3. Implementation

To realizethe processdescribedn the previous section,
it is requredto extractthe OCW andto estimatehe ECWs.
Thissectiondescriesthoseimplemertationandhow to de-
termire thecameracontiol paraneters.

3.1 Extracting the OCW

It is requred to extract the objectregionin orderto ex-
tractthe OCW. A methal of backgoundsubtration is not
suitablefor extractingthe objectregion becausehe back-
ground would be charge asthe resultof the pan, tilt and
zoam of theshootirg camera

We extract the objectregion basedon the opticd flow.
The opticalflow is differentbetweerthe objectregionand
the backgoundregion whenthe objectis moving. We can
extracttheobjed region by classifyingthe opticalflow into
2 classesi.e. the objectandthe backgound andselecting
oneof them.

Theclassificatioris dore by applying M-estimatorto the
opticalflow (it will bedescribd in section3.11). Whenthe
objed is notmoving, we cannotextracttheobjectregion. In
suchcasethe positionof theobjectis notcalculatecandwe
usethe positionin the currert ECW asthe current position
of theobject.

Theselectiorof theregion is dore by comparingthedis-
tancebetweentheextractedmotion parameteyof theregion
andthe expectedmotion paranetersof the backgoundre-
gion Theexpectedparanetersarecalculatedrom previous
valuesof thecameracontrolparametes (it will bedescribed
in section3.12).

The flow of the processto extract the OCW is shavn
below:

1. Calculateopticalflow(u? v?) atthepoint thathasco-
ordinate (z?,y¥) in animagefor i = 1,--+, Nyt
whereN,,, is the numier of pointsthat optical flow
arecalculated.

2. Apply the M-estimatorto the opticalflow to estimate
motion parametes of the first region. The motion
parametes representthe motion of the region. The
motionconsistf aholizontalcompment), aver-
tical compnenty’) anda scalecompament(S). The
motion paraméers of thefirst region are denotedby
(Hp,Vr,SF).

3. Classify(z?,y?) asthefirst region if |Hp + Spz; —
ui| < @seg and|VF+SFy,~—vi| < ®seg Where®seg
is thethreshdd of the classification.

4. CompareN,,; — N with ©,., whereNr dendes
the number of the poirts classifiedasthefirst region
and®,., is thethreshold

(@) If Nopt — Nr < O, it is consideedthatthe
objectis notmoving. We extrad thevelocity of
theobjed astheopticalflow atthe previouses-
timatedpositionof the object, andthe velocity
of thebackgbundasthe opticalflow attheim-
agecenter The processf the extraction ends
here.

(b) If not,applytheM-estimatorto theopticalflow
atpointsthatarenotclassifiedasthefirst region
in orderto estimatemotion paranetersof the
otherregiondendedby (H o, Vo, So).

5. Calculatethe expectedparametes (H,.,V;.,S;.) of the
backgoundregion from the previous cameracontrol
parametes.

6. If (Hp, Vp, Sr) is further from (H,, V.., S,) than
(Ho, Vo, So), decicethatthefirstregionis theobject
region. If not,the otherregion is the objectregion.

7. Extractall the elementsn the OCW. From the ex-
tractedobjectregion, we extract the position of the
objectasthe centrad, the velocity of the objectas
theopticalflow atthecentroidandthesizeof theob-
jectasthewidth. Themagrficationrateof theobject
is extractedasthe extractedsize of the objecttimes
S« —1 (S, represets eitherSg or Sp) andtheveloc-
ity of thebackgourd astheopticalflow attheimage
center

3.11. Estimating motion parameters

Themotionparaméersareestimatedn orderto classifythe
opticalflow.

Thereis no rotationarourd optical axis andno camera
translation Now opticalflow(u?,v?) atthe point (2% y¥) is
given by:

! =H+ Sz, o =V+SyP )



Weintroduwce M-estimata to estimatehemotionparam-
eterg(H,V, S). M-estimata is oneof popularrobuststatis-
tics technigies. We canestimatethe motion paraméersby
M-estimate withouttheinfluenceof outliers. Theresultof
calculatirg the optical flow oftenincludes outliers. When
we estimatethe motion paranetersof thefirst region atthe
step2 in extractingthe OCW, the opticalflow calculatedat
thepoirt in theotherregion canalsoactastheoutliers.

Introducing M-estimatoy we minimize the function de-
finedbelow to obtainthe motionparaneters(H,V,S).

> p(u? —H = Sa?)+ Y p(of =V — Sy? @

where

p(z) = log (1 + % (§)2> 3

We usethe Lorentzianfunction as the weight function p
andtheparameteb is givenby o = @\;‘%9 [4].

3.12. Selectionof the motion parametersof the object

If two regions areextraded, we needto selecteitherregion
asthe objectregion. The region whosevalues of the mo-
tion parametes arefurther from the expectedvaluesof the
baclgrourd regionis selected.

Theexpectedvalues(H ., V,., S,.) arecalculatedrom the
previousvaluesof thecameracontiol paraméers. They are
given by:

H, = —Ag(Cr_1)Ch_y (4)

Ve = —Ag(Ci_1)Cr_y %)
9(Cr_1) — 9(C7_5)

r = 6

S 9(Cry) ©

wherethevaluesat stepn is derotedby subscript'n”, and
A is thetime intenval betweerthe steps,andg(C?) is the
focd lengthcorresponéhg C7.

We definea distancebetweenmotion paraneters(H .,
vV, Sr)and(H,V, S) as:

/ |(H, + Srx) — (H + Sz)|dz

+/|(Vr +Sry) = (V + Sy)ldy @)
Y

We select the region with longer distance from
(H,,V,,S,) astheobjectregion.

We usethe calculatedmotion paranetersnot for elimi-
natingthe opticalflow causedy the camea motionbut for
selectingthe objectregion. This is becauseéhe calculated
motion parametes arenot alwaysaccuratedueto the char
acteristicoof themechanichpartof thecamera.

3.2 Estimating the ECWs by Kalman filter

We estimatehe ECWsby Kalmanfilter.

It is assumedhatthe motion of the objectis in uniform
acceleratednotion in theimageandthecameramotionhas
uniform anguar velocity until the cameracontrd parane-
tersarechangd. Thesearereasoable assumptias com-
paredwith informationwe canobtan from imagesj.e. the
OCW. We canna effectively usemoredetailedmockels due
to thelimitation of theinformation.

To derive Kalmanfilter, we definethe systemequdion
andthe obserationequdion.

Thesystemequdion is definel as:

any1 = Aa+c,+1, (8)
[ U
U
A = U )
1

i 1
r1 A IA°

U = 1 A (10)
L0 0 1

Thestatevectora,, is given by:

rst »rst »rst rst .rst »rst rst .rst wrst jrst .rst]/
Qn = [wn LTn Tn Yn Yn Yn Sn Sn Sn dn €n ] (11)

wherezst, grst, yrst grst grst  grst ,“d':ft andér** are
theresultanttamera-wrk atstepn, andi”*¢, 75t andsr**
are acceleratios of z7**,y7st ands’5¢, respectiely. The

contol vecta ¢, is givenby:

[ —Ag(CZ_1)6CP + Axrst T
—g(C%_1)6C? + Aipt
Airst
—Ag(C2_1)8C* + Myt
—9(C_1)6C" + Mgt
cn = iyn: (12)
Sn
Agrst
Agrst
—g(C%_1)8CP + Ady?t
—g(Ci_1)6C" + Xép*!

where
_9(Cr) —g(Ch_y)
A (073 (13)
8CP =CE - CP_, (14)
sct=ct —ct_, (15)

Thesystemnoisevecta n,, hasaverag 0 anda given co-
variarce matrix Q.
Theobsenaion equations definedas:

B, = Bpoan+te, (16)



whereg,, is theobserationvector thatis the OCW at step
n, givenby:

B, =
Thematrix B, is given by:

obs .obs  obs -obs _obs -obs jobs :0bs

B,= (18)
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wherea,, is 1 if we canextractthe objed region, andO if
not.

The obsenetion noise vecta €, hasaverag 0 anda
given covariancematrix H.

Kalmanfilter is implied by theequatios from (8) to (18)
asfollows:

Qpikln Acgpp—1n + Cogk-1 (19)
St = AX,,A'+Q (20)
Gn = Znp1Bu(BaZy, 1B, +H)™' (21)
Qnn = Qppn-1+Gu{B, — Booyn_1} (22)
Yo = (I—=GuBp)E,n_1 (23)

whereq; ; is estimated; basednobsevationsfrom step
1tostepy, X;; is estimatectovariancematrix of the error
atstepi basedon obsenetion from stepl to stepj, andG,,
is the Kalmangain matrix, andthe transpae of the matrix
is dendedby superscrip“s”.

After the obsevationat stepn, the OCW gives 3,,. Ma-
trices X, _1p—1, Zpnjn—1 aNd G, arecalculatedrom the
equations(23), (20) and(21) in this order. Then,the cur-
rentECWin o, ,, is calculatedrom the equatio (22). As
theresult,we cancalculatethe ECWsfor next N, ., steps
thatareincluded in @y, g, (k = 1,2, -,Nyqq) fromthe
equation(19).

3.3 Controlling camera

We modify the cameracontrd paranetersif the ECW at
next stepis out of the acceptableange. Whenthe modi-
ficationis requred, we calculatethe valuesof the camea
cortrol paranetersso thatthe ECWsis within the accept-
ablerange atasmary stepsin arow aspossible.

Thecameracontrd paraméersC?, C? andC!, aredeter
minedfrom theECWs. Wefirstdetermire CZ from s ands,
thenC? from z, & andd, andC! fromy, ¢ andé. Thepo-
sitionandthevelocity of theobjectareinfluencedoy all the
camea cortrol paraneters. The sizeandthe magrification
rateof the objectareinfluenedby CZ only. Therebre,C?
is uniqudy determine from the sizeandthe magrification
rateof theobject.

We deternine C'? asdescriledbelow.

If s ands arenot specifiedin the TCW, sincethe ECW
is within the range evenif s ands in the ECW take ary

values,we do not modify CZ. If s and/ors is specified
in the TCW, we calculatethe rangeof C? thats ands$ in

the ECW at step(n + k) arebetweerthe upper bound and
thelower bourd specifiedby the acceptale range for k& =

1,2,3, -+, Npmeg. Therange of C7 is calculatedrom the
relationbetweertheECW atstep(n+&) andCZ. In orderto

obtaintherelation we obtainthe relationbetweenco ,, ; x|,

andc,,. Thisis becaus¢heECW atstep(n + k) is included
iN @y k)n @NdCY is referred in ¢, Therelationis given
from theequation(19) by:

Qptkln = Akanln + Akilcn (24)

We cancalculatec,, ,, afterthe obsevationatstepn.
Therefae, we can calculate ¢,, that will causethe
camerawork in &, atstep(n + k) by:

cn = AT Y (G — AFay,) (25)

We calculateC? from ¢,, by theequaion (12).

Then, we take the intersectionof the rangeof C'Z from
step(n + 1) to step(n + Nyq.)- We deternine the valueof
C?% asthe averaye betweenthe upper bourd andthe lower
bouwnd of theintersection.

After C? is determired, we deternine C? andCY, in the
similar way as C? is detemined. We control the camera
with thedetermine values of C2, Ct andC=.

4. Experiment

We condicted a preliminary experimentto evaluatethe
extradion of the OCW andthe estimationof the ECWsby
Kalman filter when shootinga real moving object. The
TCW is givensothattheobjectis atthe horizantal centerin
theimages.Theaccepthle range is notyetintroduced.

The sizeof theinputimageis 256x 220 pixels. Optical
flow is calculatedat 150 points(5 columrs x 10 rows) by
block matching The objectis a human walking with ap-
proximately corstantspeedalonga straightline at 3 meters
fromthecamera.

The OCW is extractal by the methal describedn sec-
tion 3.1 Examgpes of input imageare shovn in Fig.3(a)
and(d). Theobjectregionsextractedmanually for Fig.3(a)
and(d) areshavn in Fig.3(b and(e), respectiely. Theob-
jectregionsextractedby themethodfor Fig.3@) and(d) are
shavn in Fig.3() and(f), respectiely. A blackrectangle
shaws thatthe pointis classifiedasthe objectregion. The
extraded OCW betweenFig.3(a)and(d) is shovn in Ta-
ble.1.Theunitin thetableis a pixel.

Table 1. Obser ved camera-w ork

20bs | gobs | yobs | gobs | sobs | gobs | gobs | gobs

manual 119.6 2.2 128.9 -0.8 61 -4 -2.3 0.3
system 122.3 3.3 114.6 0.4 64 0.6 -1.3 0.1




(b) Manual - be- (c) System- be-

(@) Input- before fore fore

(e) Manual- after

(d) Input - after (f) System- after

Figure 3. Extraction results

The optical flow is calculatedat horizantal intervals of
abaut 17 pixelsandvettical intervals of 22 pixels. Theres-
olution of extracting the positionandthe size of the object
dependson the intenvals. The resolutionof extracting the
velocity of the objectandthe backgounddepers on the
unit of calculatingthe optical flow. The resultshows that
we can extract the OCW with reasomble precisioncom-
paral with theresolution

The extraded position of the object is moreinaccurse
thanthe extractad velocity. It is becauséhe numter of the
poirts thatopticalflow is calculateds small. If weincrease
the number, theresultswill be moreaccurate At the same
time, it takesmoretime to calculatethe opticalflow andas
theresultthe camea contol is delayed A tradeeoff prab-
lem betweerthe resolution andthe processingtime exists.
Theextradedsizeof theobjectis alsoinaccuatebecausef
theerrorof theclassificatiorbetweerthe objectregionand
the backgpundregion. We needto improve the classifica-
tion methal to bemorerobustby, for exampe, consideing
theresultof the classificatiorat the neigtborhad or at the
previousstep.

Fig.4 shows z in the OCW andin theECWsatevery 10
stepsfor the next 10 steps. The time intenal(A) between
stepsis 100 millisecord. Though the OCW does not al-
waysshaow theresultantamera-vark dueto theerra of the
obsevation, it givesanindicationof the resultantcamera-
work.

The ECWs estimatedat step40 arefar from the OCW
betweerstep42 and50. Thisis becagethecameramotion
is often charged in this experiment. If we introduce the

Figure 4. Estimated camera-w ork

acceptale range,the ECW is expectedto be closerto the
OCW.

5. Conclusion

We proposedthe methal to cortrol the cameran order
to take videoswith theminimum chamgesof thecameamo-
tion uncer the constraim of the TCW.

In our apprach,we introducethe “acceptake range”in
orde to minimize the chargesof the cameramotion. For
eachstep,we estimategheresultantamerawork atthenext
step.If the ECW is within the acceptale range we do not
chang the cameracortrol paraneters. If not, we modfy
the parametes. The paranetersare determired from the
ECWsestimatedor thenext seseralstepssothatthe ECW
is within the acceptableange atasmary stepsin arow as
possibleafterthe modfication.

We implemertedthe methodto extractthe OCW andto
estimatethe ECWSs, and condictedthe preliminary exper
iment. The resultof the expeiment showvs thatthe OCW
is extractedandthe ECWs are estimatedwith reasoable
precisionwhenwe shoota realmoving object.

We will implemen the whole proposed method and
condict the expeimentto evaluatethe effectivenessof the
metha.
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