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Abstract

We proposea methodto control the camera in order to
obtain videoimagesthathaveminimumchangesof camera
motionunder the constraint of a planned camera-work. A
camera-work for shootingan objectcanbe definedby the
positionandthesizeof theobjectin each videoimage. In
order to obtain videoimagesthatare comfortable for a hu-
manto see, it is not necessarythat thepositionandthesize
of theobjectin theimagesareexactlythesameasthespeci-
fiedcamera-work,but it is importantthat thechangesof the
camera motionis small. Consideringthis issue, wecontrol
the camera to minimizethe changesof the camera motion
sothat thepositionandthesizeof theobjectcontinue to be
within theacceptable range.

1. Intr oduction

Various studieshave beenpresentedin order to take
videos of humanactivitiessuchaslectures,musicconcerts,
sportsgamesandso on automatically[1][2]. It is required
to shootamoving objectfor takingthosevideos.

We consider that theshootingis specifiedby a valueof
a camera-work. A camera-work is definedasa vectorthat
consistsof theposition,thevelocity, thesizeandthemag-
nification rateof the object,andthe velocity of the back-
groundin avideoimageateachframe. Wecall thespecified
value of the camera-work a “target camera-work” (TCW).
All the elements in the TCW do not needto be specified.
For example, whenwewantto shoota lecturerat thecenter
of theimagein mediumsize,only thepositionandthesize
of theobjectarespecified.

It is required to control the cameraby referring images
sinceit sometimeshappensthat the objectgoesout of the
imagedueto uncontrollable factors suchasnoisein mea-
suringthelocationof theobjectandunexpectedobjectmo-

tionseven if thecamerais controlled basedon thecurrent
3D positionof theobject in theenvironment.

Visualservo [3] is conventional techniqueto control the
cameraby referring images.Thetechniquealwayscontrols
thecamerato reduce thedifferenceof thecurrent resultant
camera-work in the imagefrom the TCW. Whenwe em-
ploy this technique,thecameramotionis not stabilizedbut
continuouslymodified to realizetheTCW exactly.

In thecasewetakevideosof humanactivitiessothatthe
videos arecomfortablefor humanto see,it is important to
reducenotonly thedifferenceof theresultantcamera-work
from theTCW but alsothechangesof thecameramotion.
Thechangesof thecameramotion causethe unstable mo-
tion of thebackgroundin thetakenimages.It is notalways
required that the resultant camera-work in the imagesare
exactly thesameastheTCW.

In our approach,we introducean“acceptable range” in
order to minimize thechangesof thecameramotion. It is
sufficient if the resultantcamera-work is within a certain
range of the TCW. The rangeis given asthe upper bound
andthelowerboundfor eachspecifiedelementin theTCW.
We considerthe resultant camera-work is within therange
evenif theelementnotspecifiedin theTCW takesany value
in theresultantcamera-work. This range is calledthe“ac-
ceptablerange”.

Ourprocessconstitutesiterativesteps.For eachstep,we
estimatethe resultantcamera-work at thenext step,which
is called“estimatedcamera-work” (ECW). If the ECW is
within the acceptable range, we do not change the camera
control parameters.If not, we modify theparameters. The
parametersaredeterminedfromtheECWsestimatedfor the
next severalsteps,sothattheECW is within theacceptable
rangeatasmany stepsin a row aspossibleafterthemodifi-
cation.

In order to realize the process, the system first ex-
tracts the object region from the images by applying an
M-estimatorto theoptical flow, andevaluateswhetherthe
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ECW is within the acceptablerangeby applying Kalman
filter.

In theremainderof this paper, we will describethis pro-
cessin detail. In section2, we will describethe overview
of theprocessin theproposedsystem.In section3, wewill
describe the detail algorithmof the process.In section4,
we will present the resultof a preliminary experiment. In
section5, wewill giveourconcluding remarks.

2. Overview of the process

2.1. Envir onment

We considerthecasethata camerashootsa singlemov-
ing object. The shooting camerais modeledasa pin-hole
camerawith thecenterof projectionatthecenterof rotation.
Thecamerais controlled byspecifying its pan/tiltspeed��� ,��� andthezoomparameter �	� . Theseparameterstakedis-
cretevalues.The focal lengthof thecamera 
 is given by
function 
���
�������� . Sincewe areinterestedespeciallyin
shooting anindoor human,for example,a lecturerin a lec-
ture room, it is assumedthat the object is in an unknown
rigid motionwithout rotationaround theoptical axisof the
camera.

The camera-work is definedby the position( � ,� ), the
velocity( �� , �� ), the size(� ) and the magnification rate( �� ) of
the object and the velocity( �� , �� ) of the background in the
video imageat eachframe(Fig.1). Thepositionof the ob-
ject is the centroid of the object region. The size of the
object is thewidth of theobject,becauseour target human
in animageis standingandmoving.
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Figure 1. Elements of the camera-w ork

2.2. General framework of the process

Generalframework of theprocessrealizedby oursystem
is shown in Fig.2.

It is assumedthat the TCW is preliminary given or is
plannedby othersystemsor human.All theelementsin the
TCW do not needto bespecified.Theacceptable range is
alsoassumedto begivenin advance.
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Figure 2. Framework

An observation stage,anestimationstageanda control
stageconstitutea stepof the iterative processof the sys-
tem. At theobservation stage,we first extract theresultant
camera-work from the current image. We call it the “ob-
servedcamera-work” (OCW). At the estimationstage,we
estimatetheECWsfor next severalstepsbasedon thecur-
rentandthepreviousOCWs.

At thecontrolstage,if necessary, we modify thecamera
control parametersbasedon theECWssothat thechanges
of thecameramotionwill beminimized.

2.3. Minimizing the changesof the cameramotion

In orderto minimizethechangesof thecameramotion,
weshouldnotmodify thecameracontrol parametersaslong
aspossibleoncethey arechanged. Thecameracontrol pa-
rameters arechangedonly whentheECW at thenext step
is outof theacceptable range.

Wedeterminethenew cameracontrol parameterssothat
the ECW is within the acceptablerange at asmany steps
in a row as possible. We estimatethe ECWs not only at
next stepbut alsofor next several stepsby Kalmanfilter. As
a result,we candeterminethe parameters that leadto the
longestperioduntil theECW will beout of theacceptable
range again. If we would control the cameraby referring
theECWonly atnext step,theresultantcamera-work could
beoutof theacceptable rangeagainsoon.

Theflow of theprocessdescribedabove is summarized
below:

1. Extract the OCW from video images(as described
section3.1).

2. Improve thecurrentECW by updating Kalmanfilter
usingtheOCW.

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

4. If theECWis within theacceptable range,thecamera
controlparameters keepcurrent values.Go to 1.



5. Otherwise,estimatethe ECWsfor next �����! steps
by applying Kalmanfilter. Theconstant �"���! is de-
cidedfrom the precisionandthe processingtime of
theestimation.

6. Determinethevaluesof the camera control parame-
ters so that the modifiedvaluescankeepthe ECW
within theacceptable range atasmany stepsin a row
aspossible.

7. Modify thecameramotionwith changing thecamera
control parametersto thedeterminedvalues.

8. Go to 1.

3. Implementation

To realizetheprocessdescribedin theprevioussection,
it is requiredto extracttheOCWandto estimatetheECWs.
Thissectiondescribesthoseimplementationandhow to de-
termine thecameracontrol parameters.

3.1. Extracting the OCW

It is required to extract theobjectregion in orderto ex-
tract theOCW. A method of backgroundsubtraction is not
suitablefor extractingthe objectregion becausethe back-
ground would be change as the result of the pan, tilt and
zoom of theshooting camera.

We extract the objectregion basedon the optical flow.
Theopticalflow is differentbetweentheobjectregion and
thebackgroundregion whentheobjectis moving. We can
extracttheobject region by classifyingtheopticalflow into
2 classes,i.e. theobjectandthebackground, andselecting
oneof them.

Theclassificationis doneby applying M-estimatorto the
opticalflow (it will bedescribed in section3.1.1). Whenthe
object is notmoving,wecannotextracttheobjectregion. In
suchcase,thepositionof theobjectis notcalculatedandwe
usethepositionin thecurrent ECW asthecurrentposition
of theobject.

Theselectionof theregion is doneby comparingthedis-
tancebetweentheextractedmotionparametersof theregion
andtheexpectedmotion parametersof thebackgroundre-
gion. Theexpectedparametersarecalculatedfrom previous
valuesof thecameracontrolparameters(it will bedescribed
in section3.1.2).

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

1. Calculateopticalflow( # � $ ,% �$ ) at thepoint thathasco-
ordinate ( � � $ ,� �$ ) in an image for &'�)(+*-,.,-,.*/�10 �2�
where � 0 �2� is thenumber of pointsthatopticalflow
arecalculated.

2. Apply theM-estimatorto theopticalflow to estimate
motion parameters of the first region. The motion
parameters representthe motion of the region. The
motionconsistsof ahorizontalcomponent(3 ), aver-
tical component(4 ) anda scalecomponent(5 ). The
motionparametersof thefirst region aredenotedby
( 3�6 , 476 , 586 ).

3. Classify( � � $ ,� �$ ) asthefirst region if 9 316;:<586=� $?># $ 9A@<BDCFEHG and 9 4I6D:1586?� $�> % $ 9�@<BDCJEHG whereBKCJEHG
is thethreshold of theclassification.

4. Compare��0 �2� > ��6 with BDLMENG where �O6 denotes
thenumberof thepoints classifiedasthefirst region
and BDLPEHG is thethreshold.

(a) If �	0 �2� > ��6Q@RB�LPEHG , it is consideredthatthe
objectis notmoving. We extract thevelocityof
theobject astheopticalflow at thepreviouses-
timatedpositionof theobject, andthevelocity
of thebackgroundastheopticalflow at theim-
agecenter. The processof the extraction ends
here.

(b) If not,applytheM-estimatorto theopticalflow
atpointsthatarenotclassifiedasthefirst region
in order to estimatemotion parametersof the
otherregiondenotedby ( 3TS , 47S , 58S ).

5. Calculatetheexpectedparameters ( 3 L , 4 L , 5 L ) of the
backgroundregion from thepreviouscameracontrol
parameters.

6. If ( 3 6 , 4 6 , 5 6 ) is further from ( 3 L , 4 L , 5 L ) than
( 3�S , 4US , 58S ), decidethatthefirst region is theobject
region. If not,theotherregion is theobjectregion.

7. Extract all the elementsin the OCW. From the ex-
tractedobject region, we extract the positionof the
object as the centroid, the velocity of the objectas
theopticalflow at thecentroidandthesizeof theob-
jectasthewidth. Themagnificationrateof theobject
is extractedasthe extractedsizeof the object times5WV > ( ( 5XV representseither 5X6 or 5YS ) andtheveloc-
ity of thebackground astheopticalflow at theimage
center.

3.1.1. Estimating motion parameters

Themotionparametersareestimatedin orderto classifythe
opticalflow.

Thereis no rotationaround optical axis andno camera
translation. Now opticalflow( # � $ ,% �$ ) at thepoint ( � � $ ,� �$ ) is
given by: Z\[ ]_^�`QaTb8c+[ ]edgfh[]i^kjla;b�me[] (1)



WeintroduceM-estimator to estimatethemotionparam-
eters( 3 , 4 , 5 ). M-estimator is oneof popularrobuststatis-
tics techniques.We canestimatethemotionparametersby
M-estimator without theinfluenceof outliers. Theresultof
calculating the optical flow often includesoutliers. When
we estimatethemotionparametersof thefirst region at the
step2 in extractingtheOCW, theopticalflow calculatedat
thepoint in theotherregioncanalsoactastheoutliers.

IntroducingM-estimator, we minimize the functionde-
finedbelow to obtainthemotionparameters( 3 , 4 , 5 ).n ]porq Z [ ]tsu`vswb�c [ ].x7a n ]'orq f []_syjps"b�m []ex (2)

where orq{z x8^}|�~h�O�8�?a ��1� z�����M� (3)

We usethe Lorentzianfunction as the weight function �
andtheparameter� is givenby �T���X������ � [4].

3.1.2.Selectionof the motion parametersof the object

If two regions areextracted,we needto selecteitherregion
asthe objectregion. The region whosevaluesof the mo-
tion parameters arefurther from theexpectedvaluesof the
background region is selected.

Theexpectedvalues( 3yL , 4UL , 58L ) arecalculatedfromthe
previousvaluesof thecameracontrol parameters.They are
given by: `���^<s���� q��_��+�I� x � [�+�I� (4)j���^<s���� q��_��+�I� x �_ �+�I� (5)br��^ � q�� ��¡�I� x�su� q�� ��¡� � x� q�� ��¡� � x (6)

wherethevaluesatstep¢ is denotedby subscript“ ¢ ”, and£
is the time interval betweenthe steps,and 
����	�¤ � is the

focal lengthcorresponding ���¤ .
We definea distancebetweenmotion parameters( 3 L ,4 L , 5 L ) and( 3 , 4 , 5 ) as:¥�¦t§ q ` � a;b � cAx8s q `¨a©b�crx § ª ca ¥�«¬§ q j��Xa;br�Pm\xIs q j}a;b�m\x § ª m (7)

We select the region with longer distance from
( 3 L , 4 L , 5 L ) astheobjectregion.

We usethe calculatedmotionparametersnot for elimi-
natingtheopticalflow causedby thecameramotionbut for
selectingthe objectregion. This is becausethe calculated
motion parameters arenot alwaysaccuratedueto thechar-
acteristicsof themechanical partof thecamera.

3.2. Estimating the ECWs by Kalman filter

We estimatetheECWsby Kalmanfilter.
It is assumedthat themotionof theobjectis in uniform

acceleratedmotion in theimageandthecameramotionhas
uniform angular velocity until the cameracontrol parame-
tersarechanged. Thesearereasonableassumptions com-
paredwith informationwe canobtain from images,i.e. the
OCW. We cannot effectively usemoredetailedmodelsdue
to thelimitation of theinformation.

To derive Kalmanfilter, we definethe systemequation
andtheobservationequation.

Thesystemequation is defined as:­ ��®�� ^ ¯ ­ aT° � aT± � (8)¯ ^ ²³³³´ µ µ µ � �
¶¸···¹ (9)

µ ^ º �)� �� � �» � �» » � ¼ (10)

Thestatevector ½ ¤ is given by:­ � ^¿¾�c �FÀ  �ÂÁc �FÀ  �ÄÃc �FÀ  � m �FÀ  �ÅÁm �FÀ  �ÆÃm �FÀ  �ÈÇ �JÀ  �ÉÁÇ �FÀ  �ÊÃÇ �FÀ  � Áª �FÀ  �ËÁÌ �FÀ  �¨ÍPÎ (11)

where � LPC �¤ , �� LMC �¤ , � LMC �¤ , �� LMC �¤ , � LPC �¤ , �� LPC �¤ , �� LMC �¤ and �� LMC �¤ are
theresultantcamera-work at step¢ , and Ï� LPC �¤ , Ï� LPC �¤ and Ï� LPC �¤
are accelerations of � LPC �¤ ,� LMC �¤ and � LMC �¤ , respectively. The
control vector Ð ¤ is givenby:

° � ^ ²³³³³³³³³³³³³³³´

s��i� q�� ��+�U� x�Ñ � [ a;ÒÓc �FÀ  �s¬� q�� ��¡�I� x�Ñ � [ a;Ò Ác �FÀ  �Ò Ãc �FÀ  �s��i� q�� ��+�U� x�Ñ �   a;ÒÓm �FÀ  �s¬� q�� ��¡�I� x�Ñ �   a©Ò Ám �FÀ  �Ò Ãm �JÀ  �Ò Ç �FÀ  �Ò ÁÇ �FÀ  �Ò ÃÇ �FÀ  �s¬� q�� ��+�U� x�Ñ � [ a;Ò Áª �JÀ  �s¬� q�� ��+�I� x�Ñ �   a;Ò ÁÌ �FÀ  �

¶¸··············¹
(12)

where ÒÔ^ � q�� �� x�s1� q�� ��+�I� x� q�� ��+�U� x (13)Ñ � [ ^ � [� s � [�+�U� (14)Ñ �_  ^ �_ � s �_ �+�U� (15)

Thesystemnoisevector Õ ¤ hasaverage 0 anda givenco-
variancematrix Ö .

Theobservation equationis definedas:× � ^ Ø � ­ � a;Ù � (16)



whereÚ ¤ is theobservationvector, thatis theOCWatstep¢ , givenby:× � ^ ¾Ûc�ÜJÝ À� Ác�ÜJÝ À� m+ÜJÝ À� Ám+ÜJÝ À� Ç ÜJÝ À� ÁÇ ÜJÝ À� Áª ÜJÝ À� ÁÌ!ÜJÝ À� Í (17)

Thematrix Þ ¤ is given by:Ø � ^ ²³³´wßFàâáãá á áãá á áãáÆáãáá äåá á áãá á áãáÆáãáá áãáÆßJàâáãá á áãáÆáãáá áãá á äåá á áãáÆáãáá áãá á áãáæßFàâáãáÆáãáá áãá á áãá á äåáÆáãáá áãá á áãá á áãáçäåáá áãá á áãá á áãáÆáÆä
¶¸··¹ (18)

where è ¤ is 1 if we canextract theobject region, and0 if
not.

The observation noise vector é ¤ has average 0 and a
given covariancematrix ê .

Kalmanfilter is impliedby theequationsfrom(8) to (18)
asfollows:­ ��®7ë-ì � ^ ¯ ­ ��®7ë.�I�Fì � a;° �h®Uë2�I� (19)í �h®8�Fì � ^ ¯ í �\ì � ¯ Î a©î (20)ï � ^ í �\ì �+�I� Ø Î � q Ø � í �\ì �¡�I� Ø Î � aTðpx �I� (21)­ �\ì � ^ ­ �+ì �+�U� a ï ��ñ × � syØ � ­ �\ì �¡�I�Mò (22)í �\ì � ^ q{ó s ï � Ø � x í �\ì �¡�I� (23)

where½ $�ô õ is estimated½ $ basedonobservationsfrom step
1 to stepö , ÷ $�ô õ is estimatedcovariancematrix of theerror
atstep& basedonobservation from step1 to stepö , and ø ¤
is theKalmangainmatrix, andthe transposeof thematrix
is denotedby superscript “ ù ”.

After theobservationat step¢ , theOCW gives Ú ¤ . Ma-
trices ÷ ¤�ú8û ô ¤�úYû , ÷ ¤ ô ¤�úYû and ø ¤ arecalculatedfrom the
equations(23), (20) and(21) in this order. Then,the cur-
rentECW in ½ ¤ ô ¤ is calculatedfrom theequation (22). As
theresult,we cancalculatetheECWsfor next �1���! steps
thatareincluded in ½ ¤¡üWý ô ¤ ( þT�ÿ(\*��r*.,.,-, , � ���! ) from the
equation(19).

3.3. Controlling camera

We modify thecameracontrol parametersif theECWat
next stepis out of the acceptablerange. Whenthe modi-
fication is required, we calculatethe valuesof the camera
control parametersso that the ECWsis within the accept-
ablerange at asmany stepsin a row aspossible.

Thecameracontrol parameters ���¤ , �i�¤ and �D�¤ aredeter-
minedfrom theECWs.Wefirst determine �	�¤ from � and �� ,
then � �¤ from � , �� and �� , and � �¤ from � , �� and �� . Thepo-
sitionandthevelocityof theobjectareinfluencedby all the
camera control parameters.Thesizeandthemagnification
rateof theobjectareinfluencedby ���¤ only. Therefore, �O�¤
is uniquely determined from thesizeandthemagnification
rateof theobject.

We determine �Ô�¤ asdescribedbelow.
If � and �� arenot specifiedin theTCW, sincetheECW

is within the range even if � and �� in the ECW take any

values,we do not modify �	�¤ . If � and/or �� is specified
in the TCW, we calculatethe rangeof �	�¤ that � and �� in
theECW at step( ¢u:<þ ) arebetweentheupper bound and
the lower bound specifiedby theacceptable range for þ©�(+*��A*��7*.,-,.,!*/� ���! . The range of � �¤ is calculatedfrom the
relationbetweentheECWatstep( ¢=:Ôþ ) and�	�¤ . In orderto
obtaintherelation, we obtaintherelationbetween½ ¤¡üWý ô ¤
and Ð ¤ . This is becausetheECWatstep( ¢D:;þ ) is included
in ½ ¤¡üWý ô ¤ and � �¤ is referred in Ð ¤ . The relationis given
from theequation(19)by:­ ��®7ë-ì � ^k¯ ë ­ �+ì � a;¯ ë2�I� ° � (24)

We cancalculate½ ¤ ô ¤ aftertheobservationatstep¢ .
Therefore, we can calculate Ð ¤ that will causethe

camera-work in �½ ¤¡üWý at step( ¢�:'þ ) by:° � ^ ¯ ���¸ë2�I�	��

�­ �h®Uë s"¯ �rë�� �\ì ��� (25)

We calculate�K�¤ from Ð ¤ by theequation (12).
Then,we take the intersectionof the rangeof �u�¤ from

step( ¢ :p( ) to step( ¢�:©�	���! ). Wedetermine thevalueof�D�¤ astheaveragebetweentheupper bound andthe lower
boundof theintersection.

After �K�¤ is determined,we determine �Ô�¤ and �K�¤ in the
similar way as �K�¤ is determined. We control the camera
with thedetermined values of ���¤ , ���¤ and �K�¤ .
4. Experiment

We conducteda preliminary experimentto evaluatethe
extraction of theOCW andtheestimationof theECWsby
Kalman filter when shootinga real moving object. The
TCW is givensothattheobjectis at thehorizontalcenterin
theimages.Theacceptable range is notyet introduced.

Thesizeof the input imageis 256� 220 pixels. Optical
flow is calculatedat 150points(15 columns � 10 rows) by
block matching. The object is a human walking with ap-
proximatelyconstantspeedalongastraightline at3 meters
from thecamera.

The OCW is extracted by the method describedin sec-
tion 3.1. Examples of input imageareshown in Fig.3(a)
and(d). Theobjectregionsextractedmanually for Fig.3(a)
and(d) areshown in Fig.3(b) and(e),respectively. Theob-
ject regionsextractedby themethodfor Fig.3(a)and(d) are
shown in Fig.3(c) and(f), respectively. A black rectangle
shows that thepoint is classifiedastheobjectregion. The
extracted OCW betweenFig.3(a)and(d) is shown in Ta-
ble.1.Theunit in thetableis apixel.

Table 1. Obser ved camera-w ork
����� � ������ � � ��� � �� ��� � � ��� � �� ��� � �� ��� � �� ��� �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



(a) Input - before
(b) Manual - be-
fore

(c) System- be-
fore

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

Figure 3. Extraction results

The optical flow is calculatedat horizontal intervals of
about 17 pixelsandvertical intervalsof 22 pixels. Theres-
olution of extracting thepositionandthesizeof theobject
dependson the intervals. The resolutionof extracting the
velocity of the objectandthe backgrounddepends on the
unit of calculatingthe optical flow. The resultshows that
we can extract the OCW with reasonable precisioncom-
pared with theresolution.

The extracted positionof the object is moreinaccurate
thantheextracted velocity. It is becausethenumber of the
points thatopticalflow is calculatedis small. If we increase
thenumber, theresultswill bemoreaccurate.At thesame
time, it takesmoretime to calculatetheopticalflow andas
the resultthecamera control is delayed. A trade-off prob-
lem betweenthe resolution andtheprocessingtime exists.
Theextractedsizeof theobjectis alsoinaccuratebecauseof
theerrorof theclassificationbetweentheobjectregionand
thebackgroundregion. We needto improve theclassifica-
tion method to bemorerobustby, for example, considering
theresultof theclassificationat theneighborhood or at the
previousstep.

Fig.4shows � in theOCW andin theECWsat every 10
stepsfor the next 10 steps.The time interval(

£
) between

stepsis 100 millisecond. Though the OCW does not al-
waysshow theresultantcamera-work dueto theerror of the
observation, it givesan indicationof the resultantcamera-
work.

The ECWsestimatedat step ��� arefar from the OCW
betweenstep42and50. This is becausethecameramotion
is often changed in this experiment. If we introduce the
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x�
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observation
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Figure 4. Estimated camera-w ork

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

5. Conclusion

We proposedthemethod to control thecamerain order
to takevideoswith theminimum changesof thecameramo-
tion under theconstraint of theTCW.

In our approach,we introducethe“acceptable range”in
order to minimize the changesof the cameramotion. For
eachstep,weestimatetheresultantcamera-work at thenext
step.If theECW is within theacceptable range, we do not
change the cameracontrol parameters. If not, we modify
the parameters. The parametersare determined from the
ECWsestimatedfor thenext severalsteps,sothattheECW
is within theacceptablerange at asmany stepsin a row as
possibleafterthemodification.

We implementedthemethodto extracttheOCW andto
estimatethe ECWs,andconductedthe preliminary exper-
iment. The resultof the experiment shows that the OCW
is extractedand the ECWs areestimatedwith reasonable
precisionwhenweshoota realmoving object.

We will implement the whole proposedmethod, and
conduct theexperiment to evaluatetheeffectivenessof the
method.
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