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Faormation of an Qbhdect Concest

Anatract

Ar algorithm to isolste & resresentation for BomovL e
obvdect  of unkrmown Form ard size From 85 @ oof TV Frames
is describedy togelher with results  of ihs  asrlication o
real world sceres. IL is based on bLhe assumetiorn bhat a3 droue
of cormected redgions being Jointlw ctisrlaced in & sweshbemalice
wad  From  Frame bto  frame withoutl changing Lheir relative
Fosition rerresents bhe imagse of & movins obdect. Thaas
assum~tions relste to srorerties which sre +to & large ewbernt
inderendent from srecific scenes srid bhus  maw  arcrezr e
comronents  in s derneral obdecl corncest, Tmelications of this
arFrroscn for the concerbion of scene analuring  swstems  bLhat
“learn from observation" sre discussed,







Formastion of amn Obhdect Concest P

Lo Imtroduction

fas beern sooumglatod

Consideranle axrerience
Lo sedment bthe digitized ims of a static scener @
single TV framer into areas that corresrond Lo obdects
rarceidvedt  bw s human observer 0L - 137, Ue to mnow attemesls
mave dominated Lo esteblish the corresrondence metweern
certain sedgments of 3 scene and humarn mobions about them g

= dncorrarating Lhe reaulred bnowledse oirechls
irbe bhe smalwricng slgorithns
= intersction with & human orerators
= geecessing 8 Frrorerly initislirzed daba base.

atyout how

Zuckersy Rosenfeld arc Davis L1141 subdgested Lo
differentiste the krowledse reauired for sralysis of 8 scene
imte & dHernerals seene inderendent rart denoted ss ‘Seners)
Furesose models’ and 8 srecificy scene derendent ssrt. IF  the
latter is structurslly serarated into 8 detashases chamsing Lo
another scene will then only recessitate substitution of the
acene derendent  krowledse hase -~ and the arrrosriate choice
maw even be duided b the information exbtracted with Lhe help
of  secene  indererndent krowledsge., Zucker et al, Froceed Lo
differentiste their deneral Furrose models further  intho
(quotstion From [1421) "models Tor general classes of locsl
Feastures ( eddesy linesy ansless ete.) that QoouT drm s
different tures of sceresy as well &5 models that eserihe
oW such fealtures cosn he groursd Lo

gather into agdresste
{These adgsredstes maw in fact motb corresronc o obdechts hot
thew can serve 85 useful Tirst guesses o guide later sters
i ke analwusis)y.® The results  rerorted bhw Marr DLAT Fit
miceley into an emerding Framework ? Tt dis  concluded  that
mast  of the (ise, figare From sSraunc) praratlion camn he
carried out using technicues that do mot  derernd wueon e
=articular  dmage  in auestion. Thereforey figure-sreound
seraration can normally rrecede bthe descristion of e shzee
of  the exitrzcted Form. Ure  bo this wainty higher level
krmowladsge arod =urrose are brousght Lo boer on aornls & verw  Tow
of  the decisions taken during srocessimg, This releddfteos Lhe
widessread use of dowrnwsrd-Fflowimg  information Lo & later
stage tharn is found in curremt meehise vigion sroasranse  and
imelies thet such knowledde should influence the corntral ofy
ratiter than imterfering withs the sctuyasl date-srocessing Lhal
is taking slace lower-down." (auobtatian Trom Masrr D141,

*

Orne  maw  mow  ssk H now  can the scerne derendent
kriowledse be asceuired that  bis s5till reces #rw bo evaluste
abhstractions imto which a simgle disgitize: imase of & scene
nas  been condensed hw (slmost) score incieserncernt mebhods T
Maw the asrelusis of .. g TV Frame seausnce which contains
the develorment of &8 scer;s  with time wiaelad (rart of) fhe

E hrat e e
@ooEne 2

Fricwledse reouired to bl A B tie b
above-mentioned absbractions From 3 simsgtle SOEME L ms
swstem—internal resresentation Lhal corre Lo s obdeot
2% rarceived bwe a human observer of the origimal soane 7 e
recosnlEes hoWw o dmeoarbast db Tor  such  an raach Lo
ooariier 8 single disgitized ims irho suitahle Lractions
without reauiring alresdy for this stes £ e sleviise Lhal
should be sxwtractesd bwe araluezi;g o seauaernce of sueh single

imsHEe shebrachions. The results cuoted H14:1670 are talen
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;
A
o
B

arn drdicstion  that the ewreriment 2lluded Lo abhove maw be
worthwile.

This combribubtion descritres s ablblamsl Lo :
aress oorressoncing Lo am obdect  in mobion From s stabio
backgrournd i 8 seauence of TV frames gsolelw due  to  bhe
sushemablic changes oFf certain imsge sedgments from Frame Lo
Frameys wilbhoul anw srior knowledsie shout srecific Features of
Lhe moving obdect. Under cerbain conditions — discussed laber
in section bthree - the descrirbion of & grousr of  sreas
serarated  From the beckdroursd is considered bw bhe amalwsing
swstem as arn dnternal  resresentstion of  am obdectl. Thie
tradectore of this ohdect rerresestation relative to bhose
sarts of the scerne imagse recosmized as stetic necksgsround  is
also extracted and arrended bo the obdect rerresentatiocn.

The swstem bthus arrives 2t &8 descoristion of Lhe
relation belwsern bLhe moving obdect asrod bthe static background.
Aoamitbing  more thaen one moving obdects the relstions betwesn
TLhem could he Tollowed i sddition Lo bthose beltween easch
indivicdusl  moving  obdect and bLhe static baclkgrournd. It
should thus become rossible to describe Lhe develormernt of 2z
scene  with time. The swstem requilred for this goal’
would build a8 dats bese From irsul TV Frames slresdw smaluzed
and  use  tbthis dabts base for bthe snalusis of subsecuent TY
Framas., If & moving obdect storred its motion later i the
frame seauerce bthe krowledse sceuired From srevious mobion
Trames might surrort 8 static snalusis e.d, alonsg bthe lines
rerorbed bw Msrr CLADT. Sueh & swstem would esserntisli)
"learn by observation®. Gur grour started some Lime ago
work toward Lhis long-term sosl D17.1817.

The litersture shout scerme srnalwsis Ffor 5 sequence of
SCene Lmafes 18 mueh serarser btham that for sneluwsing a single
BOEME Comsidersole work hes been done on the subomated
tracking of cloud motionm im ssatellite dete in order to obbtain
relisble eshimates of wind velocitws L19-2%1, Since Lhe
methods asrelied are srecislized towasrds bthis #Hoal Lihe
arFroaches  rerorted camnot  easily be germnerslired Lo imsge
seauences from other scenes. The thesis of Radler L2467
sroaroses concertusl  descorirtiomns  of  obdeclt movemernts Far
temroral sceme analwsis, Bobth the worl of Agssrwal and Tuos
C22] and the bthesis of Badler 281 are cormcerned with models
of 8 80CeNEe SeQUeNCe. More deneral comsiderations concerrnins
the descrirtion of scene variations over seace and time are
sresented bw Uhr L2771, WolfTerts 281 used secuences  of
Framas Trom  an sirborme  Film casmers Lo snslsze vehicle
movemaerts dm street braffic. Far bthis suarrose an
irmtersctive selection of & venhidcle image i omne Frame amod 1bhs
crosscorrelation as Ltemerlate with 2 suitshle sectiorn From Lhe
subsequant  Frame wields bLhe sHift odin bhe sositiorn of bie osre
imase. A window arowsd this new rosition s used  as B8
Lemelate bto  rereast  bLhils rrocess wibh bhe mext Frsme Lo e
HEEGLIENOE ., The resulting secuence of car rositions s boen
avalusted. Chiern [29]1 rerorts 8 swestem bhelt Follows imes
movinsg cars dn TV Frame seauences From a8 2 shreelt observation
e cbracking rrominent srew scale features in real-hime. Baothn
BEETOS0NE CA8y291 do mot  attemst to builad amw dnterssl
cesoristion of bhe sceme thst might enable bhese swushems @, 8.
Lo delete bhe imeges of movicng obdects from TV Frames and Lo

woor
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restore & static sceme  TFor Frasertation ~ or Lo rresent
salels the movimg obdect agsinst o Momoserneous beacksrognd
suFelied  hy  the sushoem. Fotter [30] descoribes an
arEroach  to  analyze  Frame seauences by cetermining  the
valocite of reference eddges smd grauEdns Fovirhe -
together with those Roirts ernclosed hw such gt socorains
to eaual velooitu. To what externt the method of Potter works
on com=licated resl world imsses carmot be dudgied  From bhe
results  dgivern bw him but the method seems to be suscestibhle
Lo noilse.

The following section describes an alaord Lnm Lo
identife  srd extract 2 movimg obdect from & secuence of TV
frames, The basic attitude behirmd this algorithm is  to
@xtract the obdect a5 amn enbitw rather tharn to exbract
constituent rarts and sssemble  them imto  an obuect  after
extraction. Ire  sdditiorn this secomnd section Frasents
results obtained by arrlwing the salsorithm  to seauences  of
real  woarld scernes, The third sechion discusses i
detail the assumertiorns underluing this algorithm im order Lo
determine how far this arerozch might carrg one howsrds bLhe
long—term soal sketohed above.

&
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e Identifwing andg Isolsting 3 Single Moving Obdect
240 Irmeuat Dats

The slsorilthm For thr%rfinﬁ groobJdect  rerresscbstion
arasluses & zecuence of consecutive TV frames which rerresent
the develorment in time of 8 scerne contaimimg  an obdect in
motiorn. The =secuernce should cover a8 btime reriod lomd
enoush for Lhe moving obdect to he disslaced in ites direction
af motion bz st lesst its own exbtension slong bhis direction.
Thern such 8 seeuence Will comtsin two subseauerces & and ©

- with 8 cornstarnt Frame number difference bheluwean
corrasronding Frames from esch subseauencs
ard bhe rrorerty thal the background covered by the
image of bhe moving obdect in HdLh Frame Ag of
subseruence A dis comsletely uncovered im bLhe
corvesronding Trame By of 'whf=auanc@ B oor vice
VETSEE

Figure 1 pFresents two Frames ( 90 amag 108 ) from a
seauence obtained by recordimg a8 street traffic scere  1in
reagl-time with & commercial momitoring vidicor camers on a8n
AMPEX snalog TU-oisk . 26 comsecubive TV frames have Deen
salected  from this smnelog TV-disky digitized with 8-pit drew
value resolubion dmbto 912 sivels rer TU-line arnd tramsfesrred
to a DECBwsten-10, More details sboul this setur sre given in
£ial, Figure 2 shows a section from  frame 1048, This
section -~  bthe wosition of which remained constaent For sll
Frames from this sequerce ~ hss been marmuzlly selectedd. Tt
comrrises 6144 mixels with 8-bit Zrew values in 48 limes st
128 rivels each - taking everw obther TU-lirne (From one
haelfricture) on & section of 96 lirmes snd 128 sixels which
allows BEnY geomaltry-rreservimg enlardemants Wi bhout
mecessits Lo dnterrolate Hrew values. The
rrasartation of bthe extraction als “ioedd

sardbhm will be exemslifil
s reference Lo the secbion of Frames 90 throush 96 as
suUDEeaUEnceE A and Frames 104 throush 112 as subsequence R,

2:1 Sedmentation

The selected section is sesmented Tor everw Frame in
@acnh subseauence using a2 modified Yasbimovskw slsorithm  se
described in D130, There sare : two minor differemces wibth
rasract Lo bthe descorirtion im the first being thaet the
full 8-bit gregw wvalue ruwniullnu s btakern into accournt curims
sednentation,. The ods relwean the resulticns r Larms For dhe
seclhion  fraom Frames =90 and Br=104 are sivern in Figure 3.
Secorclysy all oracks arid Lhner DOuncia e
noundaries nelweern  regions mersed  together 1371 - Ere
suEeressed  whern  bhe  resresentstion of bthe sesmerrhatdon
results  are ouleul onrblo disk as intermediaste storasge helwesn
this sedmentation stes amd the following mateh stes.

- 1oe 6o

cayp o

2.2 Redgion Mateoh

The basic ddes of +this stes consists im matohins =
(grour of)  redionl(s) from the sesmentatiorn of Frame M
gdainst & (drousr of) redioni{s) From the segmentation of Frame
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Be e This redion mateh should fail in sress which belong to
the bDschkground in frame AL and to the movimg obdect im frame
By or vice verss.

The matching ster sroceeds in bthree substers,

+1) The redgiorheasders snd chain-erncoded interregion boundarw
descrirtions for the sedmentatiorn of the Frame s@ction are
reasd  back Trom disk for both frame A; snd the corressondindg
frame R, Then it is determined for esch raster seuare in
the Frame secktion  to what esair of regions  From  Lhe
sedmentation of Frame Ay and By this raslter sauare belongs,
Ir sddition the oridinal srew value digitizing For each rivel
in the section is resd in for Fframe Ay and the corresrondinsg
FTrame B . .

v2) For esch mair of resions with am overlars of more tharm one
Fivel established in the rreceding subster the mesn My anc Ug
as well as the variance sk arict C&f is debtermined
in the overlsr ares on the hasis of the originmsl grew values
¢ the dndex & snd B refer to data from frames My aned By
resrectively ). IF Lhe exerression

2
( quz-i'ﬁ'; " (/“A '#392' )
2 2

oo« Op

ie o smaller them the matehing threshold Tm these two redions
from frame A; and By sre considered "match-candidates® .

o3 ) After all metoh~candidates have heen establishedy resion
matohes are selected from among the candidstes based on  the
following two oriteris?

« 3000 TF & region from Frame Ay and 8 region  from frame By
arresr  in exsctly orne matoh-candidate Lhew sre sccested zs =
definite redion-matoh.

+ 3.2 TF one  or  bobh  of the regioms from frame Ap and Ry
srFeEar dn more Lhan one  maboh-candidates at  least orne of
these  redgions must contribute st 3, hald of its ares to o
match-candidete Lo accert that mateh-cendidabe as a definite
resion-matoh.

.

Tive criterion 2eded.2 restrains  the #growbh for
chain-matches of the Tollowins kind! redion #q Trom Prame &g
matohes  to part of region by From FPrame FEi. Fart of) the
ramzining sart of redion by matohes to rart of resion B2 Trom
Trame &) The remairning sarh of resior &, mabohas rt of
region by From Prame By and so o on. Figure 4 shows  Lthe
Lerdgest  #Hrous  of  chain-matohed resions whern working with
Frame AL =90 and Rr=1068.

2.3 Obhidect-Candidate Selechion
Figure 5§

sresents all redions From frame Bp=10& rot
i Lo oz ore i

matoh Lore A Prame Ap=P0. It s obwious  from
insrection  of Figure 5 bthet the set of zll virimat oo )
From orme Frame section maw mol bhe 2 sHood arrroximation bto s

resresantation  of & moving obJdect bol bhslt some s
serve Lnis pges

Livat sal et s

as arn "obdeclt-csndidate? . ft

& b T ol
i Lays

s e BEEn

d-commectad grous of umnmatohed
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redlions meaw Sserve as working  coriterion For  dikolating bhis
pbhdect-camndidate, Figure 4z rerresenbs bthe subselt of

irmmatoned resions selected bhw bLhis oriteriom From Figure 9,

24 fdeocumulating Evidernce For s Movimg Obdect

The rrocedure described in sters 2.2 and 2.3 can bhe
rerformed for frames Ay and By as well as for fremes Ap., and
Bieg e This will wield two chdect-cardidatesy ore from Frame
By and omne from frame Bi+ye ( smee Figure &b For +the resgltl
From B jeq=107 ). It both oblect-cendidates do indeed
rerresent thé ssme moving obhJdect orne exrects to be able Lo
transform  bthaem into ezch obther taking the sererorriste obhdect
mobtion into account. The simslest obdect motiorn im this
context i 8 size snd form sressreving branslation im 2 rlane
rarrendicular bo the ortical awis of Lhe TV-camera. At this
stage of snaslwusisy Lhe Lranslation of the ohdect imases From
frame By Lo frame RBirqg dis  unkrnown with  ressect  bhoth  to
ciirection  ard  masrdtude. The houndaries of a2ll resions in
the obdect-candidaete From frame F; are tshen 8s 8 temerlste
ard  crosscorrelsted to the boundaries of all redgiorms in the
obJect-candidate from frame B, . The redgion  boundsries
rather thamn the drew values of bthe obJdect—-camdidstes have
heern ohosen for the crosscorrelsation due Lo two observastions!

i) The crosscorrelation of & (bhimesry) bourderw/monbourcsrs
rerresentation can be rerformed Taster tham bhe
crosscorrelation of sHrew values.

i) With resrect to sligrments boundaries sre more srominent
features then redions with inhomosereous grew values snd
ashould thus result imn 8 more sromiment crosszscorrelation

sl

Wolferts L2871 melkes & similar observation Tor the
crogscorrelastion  maximum  of  the seabisl derivebives of two
ciigitized graw vaelue distribubtions. Figure 7  rerresemnbts  the
region  Dourdsriss Fmr the obdect-csndidetes of Pigure & and
figure 8 the resulbting crosscorrelation. The maximum of  this
crosscorrelation COTPTeSEar: Lt Hi ohJect-carndidete
translation of Five rasterroints slormg the horizombsl swis
from frame Rp=106 to Frame Hp,,=107,

i

Ome could  sssume that  bthe difference  bebween the
centar of #@rsvity of obdect-carndidates in Frame By ard B g
woulad  wield Lthe same wvalue &bt wmuch lass comeubtatiornzsl costh,
Simee the form of obldect-carndidstes maw  verw somewhat  From
Trame bto  Frame due to statisticel Fluctustions in the siyze
ang Form of redions Lionsl astyifh o of  bhe  cenber  af
dgravite  of obdeclb-candidetes IO N A T robo bhe  as
relisthle ag the rositional afviFh v maximum For bhe
Dovrctary crosscorrelstion, I~ i 55 FAE TR e outer
mountgaries lmr otrndect-candicdates  extracted From  Freme 1086
Lhveousty 11 with the caernter  of gravite marbed Por e:
wa"?*-v<ndi Lo e Ore carn olearly see in Figure 10 Lhat G
sl ft  af  the boundsrwe  crosscorrelastion  marximum  ds much
amoother Lhemn the shifd of Lthe center of gravilhu.

b oS

e

e
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2.8 Extraction of am Obdect Resresentation

Having accumulated sufficient eviderce for & movinsg
obdeoty #  rerresentation for it can e extrached fi
surFarimrasing  bhe dif ernt  obdect-csndidstesy bakimg imto
aecount their relative rosition and  thern thresholdin: the
raesulbting surerrosibion. Fisgure 11 rerresants how
often esch raster sousre aspoesrs in Lhis surerrosition 41 six
obJdect-candidates are tramslsted baeck to the rosition of Line
are Trom Frame He=107. IT it is recuested Lhat onlu
those raster sauares bhelons Lo the obdect Form rerresenhstion
whieh par drn at leasslt the fractiom = of all surerimsosed
obdect-candidstes the resullt of Fisure 12 is obtaimed for - =
LT, G The dark side windows heve been matched sufficientlw
oftern  to  the basckground street snd thus are mrot comsioered
rart of the obdect. The wide missing erart of Lhe car bodwe is
due to s long resgion in this sart of the car imsge - seo (G 3
Figure 3 -~ which corresrondgs  to  the trarsition From  the
Light car bode to the dsrk shadow helow bhe casr. This
Lramgition redion has 2 grew value roughly eeuivalent to  bhe
backdground street, Tt is sometimes mateohed to this hacksrournd
and therefore does rot belosng sufficientlsy oftern  to &1
andect-candidate.

This obdect form reprresentation together with the
kriowledge about the obdect-candidate sositions cam he used Lo
extract the drew valuss of +the obdect imsde from TLhe
different fremes of subseauence B snd | to  averasde them.
The resulting dgrew value rerresentation For this obJdect imadge
is shown in figure 13.

Te rrove that this aservoach is  mot  tzilored 4o tie
secane used  so Par as an examerley a8 new scere has hoon Laken
Wwitn s hidgh euality elumbicon camers. Figure 14 shows Lwo
Fremes of &8 seeuence where a wouns ledy wslks in Pront ol &
tlackhosrd, Figure 15 shows 3 sectiom of the same
e a5 im Figure 2. Aerlaing Lhe segmentation
Frocess Wwith bthe sasme bthreshold smed redgiarm-me reims rarameters
as  Tor the oar sequence ard mebehing the resulting regions
With  the ssme matehing  threshold earameter wields the
abdect-candidat aft  Figure 1&8. Surerimrosing thes
nindect-carndidates with their srorer relative Lo stiom s
Lhrestolding  the resulbtins distribuy anowWdbh o= 258 wields
Figure 17. From this the srew level] rerresentation of
Pigure 18 is obltained.

&

2edy Dreration Da
Thie FOTCNE T fas heen wribhtern i FASCal. for &
LGECSwsten-10 with & maximam of &8 Ewords ot 24 hits svailshle
Tor 8 user,. The code including constants reauired 9 Kwordss
Lie glab VE L Bl worlins s 5 19 Kwordss Mess  Pop
sedmaentastion and wlt  dcescorirtions 38 Kuwords arc A0
uffers 2 Kuords. With this core allotment two suhseauarc:
Wk Lo i Frame sections esch could he harndlecds
segmertation sbers roaude

i
maten  shter dreloeins

o

COrEiE .

Lweer 20 ang 150

lection of arn obdect-camdgidate
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reauirad sboul 20 seconds and Lhe orosscorrelation  im Ehe
Evidence Accumulastion shtesm  asboul 4 mirnutes, These times
include I/70 and refer to 2 KA-10 erocessor with Mmoo obher
bLimesharing user active bhut with am abrormely mobl wel
comsletely understood swstenm overhead of sbout 3540 % which
is  tentstivelw asbtributed Lo Lhe Faclt Lhat this srogram
reauired  s1ll of  user core  and some  swushoem b BT
irtermitlently sobivaeted,

10
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ey

S Assumebions Underleins bhe Nescrihed Alsorithm

The  =reg
e biedl bl mert
L1 mow bhe o

\uHuu'iﬁﬁ nP Lhe  sreceding  ge o eihher
5 26 & rumber of assumebiorns which
dirs bhe following comnsiderations?
= To what @Ht@hd dnwu L sumebion which has been macde Lo
obrtain the resulbts rresented restrict TLhe Ladesot ity
Of the described arrrosch®
= Is it wossible Lo dros or wesken same of bhese sssumetiors
i order Lo make the srrrosch more garmerally arelicshlia®

Ao The NoLtiorn of am ‘Obldect’

The slsorithm sresusrros the axistence of 3
10 single entitw of
23 reasorshle sire
+3) moving smoothly and conbirnucuslye
«4) dn Fromt of
vw) 8 sufficiently comtrasting backgroumd,

The Tirst three of these sasumrLions  refer Lo Clhtﬁﬁf
inderendent obJdect rrorerties whereass the latiter two refer to
the relation beltween obdect  aed mackdgrounds Q.o aEre
zomewnst comntext dererdernt .

Belol Without anw serecific krowledse sbhout  what maw  be
contained  din the scerne to be sralwzed it is reasonale Lo
assume that & dgrour of conbtidguous sres i the imsge seouence
which are diselaced without cohersins their relative rosition
reFresents "one obdect®. Obhservation aof z longer spausrnce -
Lems develorment of 2 scene aover & lomsger Feriad - maw wall
lead to the Further cormclusion thatl such s ohdect has to he
differentisted inbto twe or more constituernt ohdects. This
conclusion dmelies Lhat the swstom cescribed here  has been
emiredded dnbto &8 more  rowerPuyl erclosing  sustem with the
caranilitby Lo recosmize and toraatl "comEaur ofyviacts”
consisting of several comstituent obdects arcording Lo Lhe
obdect concert defimed hu I.1.1 throush 3.1.5, IF the image
contrast  belween obJdect ard background ise low the exbracltion
of an obnvect Torm resrresentstion misht reouLre srnalusis of
more  Frame sceotions  Lhen  necessarws wibth figher contrast.
Thereforey the lensth of 2  Trame seauence  during whiich  a
grour  of conbiguous sress must be corsidered Lo resrae
single obdect-candidete dererds also usarn bthe dimase conbrast
belweer  obuech W vearal mowvirs
obdects have sl heer doentified e lw drm 8 lomser
Trame seaquercs  one could axtrarolate btheir btradechari
wming 3.1.3 i valid — ard ewelude Lions From
L dme af bwo or more obhdects ooelucs

atiher, ’

o

A .
[ VI

el 2 The assumetion of 2 single obljeot ioa Frame
imelies  Lhat  Lhe obdect  ds small BICHASEN COm s e
of the entire Preme to allow bhe sel scobion of =
section  aroursd  bhe  obhuecb, The size of
ahion ? o bhe  described  imelementstion
cietermir w smeveral i : LS . Domirnsmt
4

tm wmrk Wi bl raw = ol averasged in Bri
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down=sesling  srocedure - in order to he Pulls exrosed Lo the
irbrinsic variabions of Lhe data, The adoitionasl e L reEment
to  lkeer the Pull descordistion of segmentstion results from st
Least Tour frame sectioms togebther with 38 0 o Mg versloan
of  the matoh  srosran e eore Lhen roustile determined Lhe
table mumber of sixels dn biwe secbiorn.

ZRINE

SOCEe

el 3 The asldgorithm sssumes thel  the obeol L st i
ciisrlaceda  From  Frame bto Fframe bhw onlye 8 Few rastber squares.
This inTluences the size of the Frame seclbion and the sesrch

cdidrirs bhe  crosscorrelation. I orme haes access Lo s
icture  everw 20 msec bhis  assumebion is clearly
dust ljﬁd FTor & large set of scenss. Talking Lhe cenbter of
Sravltw diarlacensnt oF  subsequent obdech-candidates ass &
firest suess  one  might recduce  the search randge  For bthe
crosscorrelation im bhe evidernce scecoumnglation stes. This
searceh  range Lo ocurrentlsw set to ten raster sausres in bobth
firections for esch coordinste.

Feled The bhasic abttitude henindg this salsorithm is Lo exbract
the obdect #s am enbitw rather bthan Lo extract comnstituent
sarbe and sssemble them imbto am obdect after extvachtion. it
s obviows Lhat bthe "extraction as enbitw® aesrosch will Fail
PP othe opdect is rartle cccoluded by static comronents of  the
seene or some obher movinsg obdect. Asaine L7 bthe scene can e
opserved Lonsg ernoushy one maw e able Lo extract  the obllect
rarresantation i 2 suitsble scerne section argd extrarolste
its tradectory back into or bthroudgh the difficult =art.

Felsd For the sureose of this  dnvestidgstiony occlusion is
eativalent to  vanishing  conbrast  bhetween (avrlbs of) Lhe
mosvinsg obdect  and (rarts  of) the sarrourelirs static
hackdrournd or some obher moving obdect. Unless the obdect can
e ahserved against a8 different backsroumds ever & Muman
server might have difficulties im such situstions.

oy,

F3+2 BSelectiorn of 2 Frame Section

Assuming  Lthat the moving obJdect occouries omle & small
Praction of the field of view relates Lo snobther rsroblems
mamelw  to Focus  abttentiorn bto bthal sectiom wibthinm Lhe Prame
‘where bthe sctionm is’ He nave develorsrred snoslgorithm D3]
to  ddenmtifw  the sectiorn of 2 TV frame where 3 moving obdect
i suspeched. The shsolubte difference  in #@rew  valus of
Flmela
Trom two meidhbhoring Frames -~ averasecd over twoe o addescendt
rasher seuares inoa Lline - ol el Far a1l TU-Lirmes and
cdistrinution of R TRt : chetoe emod el A4
i owver &l s s e ame prmrariaan of bhia
gverasged distribubion wliu e ame obvbadmed For @ L ogrous
af  addscernt  TWU-limes will show characteristic deviations §Lf
this greousr of adidscent TU-limes covers Ceeart o) i

J @ movi
Tiis al#orithm wuse Lhe sssumel

%

i
1
:

Chon that bhe obdect
cover & larsge Praction of the field of view and  in
*h&t rort Loo manw smaller obdects sre sresent 1o bhe
WL . Otimerwisze  Lthe @H@rew value i fference
gver  bhe  entire  Frame msy  #ob De
static bhacksground slones It theses

4 ey

Wowle
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sgsumFtions are Justified the sroblem of more than ore movins
aideot in & frame sequernce maw e reduced  to  the single
obJect csse 33 long ss these ohdects do mot ooolude (sarbe
cfl) each other,

3¢3 Freme Mumber Differsnce

Determining & suitasble Frame rumber differernce betwaaer
subseauences to  he comEared 1s another sroblem that maw be
solved sssentially by bhe smE areroach 8w gshetohed  for
3@1t(LLUH of & Trame section around 2 movinsg obdect. Tty
; riificsnt’  differences holblwsen subseauent  Prame Lhat
guide Lhe section search will show swsbenslic rositional
ehanges with Frame rmumber. It should thus he wrossible to
determine  the Frame rumber distance betweer frames where
somelthiing  chandges im a selected seehion churdrs e
subssauence  with no  changes sigrnificent with resrect to a
moving obdect in Lhe same section From another subseuence.
It should be rointed out that this frame rumber differernce
corresronds to & very imfortant charscteristic of situstions
wi.th moving obdects! sfter what time is it rossihle to state
& significsnt change 7

;

3+4 Segmerntation

Ore  might auestion webkher it ig really necessary Lo
sedment 2 frame sectiorn and mateoh  the resulting regions
rather than matching the section sisel e mixel to the
section of 8 corresronding Frame from Lhe other subseauencs.
Frovided the contrast hetweern the obwiect armd the bhackdground
is lsrde emoushy midel by sixel subtraction ard selection af
tie larsest drour  of d4-cormected sixels which show a8 grew
alue difference  larger  then o threshold  will wield  an;
obdect-candidate of accertable cuality as car bhe Judged From
Tigyre 19, Frelimingrwy exeerience ternds Lo  supeort
Lhe hwrothesis bhst & region mateh of sedgmented sechiorns iz @
more robuslt aeerosch Lhan bhe comsiderably simeler  erocedure
skelohed  shove, Thig is im accordance wilth results rerorted
tr Foedoe and Redoaw 03271, Esreciallw when the Fframe sechion
contains textured aress the areroasch besed on aedmentation
maw shill wurk whereass the simele subtraction is ewrected Lo
#ive  fhrouble, Tt has to be investigsted whebher ithe e e
arFraach can be used Lo exbtrael  obdech- resresentations  when
e coarbrash Ls Favaurahle restricthing  the algorithm
ribed in section 2 of this comntribution  to the dmitizl
isolation of obdect-cardidates smd to Trame sections with low
contrast,

3.0 Extraction ! Comearing Obdect with Bscksrourd
;

e i) sugisests Livat the dsolation of an
{ { fidaste misnt be rather simele ~ which it Lrcierech s
362 1T srerrorriste Frames a2re comesrec. Lo might be worthwile
to recsritulate some of bhe exEeriments whioch  everbgslle
led to the gorithm  described am sectiom 2,2 amd 2,3,
Originalle I attemrted to mateh resions matuwean sections From
Lghboring Frames with  the itvbention to detect sestemstico
changes in the rosition of some sungrous of metehed reodgions.

=)

e
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It then seemed essier to dldentifw Lthose redions which did notb
anift From Fframe Lo Framey 1.8, wihich  correseona bo bhe
shbatic warh of the sceney hw surerimsosing region boundsries
From sedsmertation of a BEQLIEMCE ot FTrame st L oms .
UDiscussions abouh drntermediste resuglts Fom bhis botoesmest, D33
ledd Lo Lhe suggestion Lo average Lhe raw digilbiszings of &
Frame SemuUEMoee. I sursyeins  Lhis  aseerosch 1
averaged all 2% digitized FPramesy segmernted thne sectiom  From
e averaged wsicture  angd altemsted to mastoh the resoltins
regions adainst bthose From  the section of 3 single rasw
cidgitizing Framed.ardger dgrourss of restions which bhelons to Lhe
imase of Lhe moving obdect in the single Tframe were indeed
et matohed to  regions  of  the aversdged frame sechtion.
Claser drnvestisgations showedy nowevery that the rart  of  tLhe
moving obdect which is mobt significantly structured along the
directiorn of motion - 55 @+8. the car Dodg bhelow bthe side
windows  drn Tigure 2~  irnfluenced  the saverased sicture
sufficiently Lo a2llow & mateh with corrvesronding resgiorns from
Lhe oar, Moreovers auestions had to be asnswered redgsarding
whaere Lo bHhedgin averadging snd over how mang frames one  shouwld
averase. From these investigations resulted the ides
Lo comrare s Trame with a8 single rreviowus - oy later -~ one
where bhe moving obdect can be directls comtrasted ssainst
the static backsround rabher tharn asainst sarts  of  diltsell.
This arErosch Will  wark i f  bthe static bhackdground is
sifficiently homogerneous and of sufficient conbrast  comersrod
Lo the  moving obdect. To Fimg euarntibtative megsures for
"sufficientt ds subdect of & FTurther investisastion. It can
e guessed from comsarison helweern Pigure 198 and 1%h thalt a
grew value differernce of 10 (al & totbtel grew value range From
O ho 255 seems bto he sufficient evern if the difference is
agxoseded frecuentls at  isoclated rixels due to nolse and
1LHleLL@P in o the digitizings electromicos.

J.6 Matching Threshold

The exepression (1) to be comrsred with bthe matohing
Lhrashola Tm ds  Formed 4im 2rslosy bo Lhe edse confidence
fiowern bhw Yalimovsky [91. Howevers in conbrast Lo  the
@xeresslion  #Sivern by Yakimovshkwe Lhe exromnentiation by the
radmizer Noof edixels din bhe overlss ares of  two regiaons From
ciifferent  Frames fss  beern sussresseds. This is an emeivicsl
arprageh baken to sim=lifw  the - decision with mno  sessrent
detrimentsl resulhs, To use 2 correct statisticsl messure

are has o comrare
2N
2
oL+ T P (/‘A - M8 3
2 2

2N 2N
A »* 05

-
| O]
L]
e

Wit & confidence threshold thet ds 2 Ffunction of N . It is
EGTIMUﬂ Lhat Liis de mndﬁﬁr” wear b mumper Noof sixels dn
thie overlar bhetween two regiaomns From  different Frames  will
oM ralevant  onlw  i1m bthe  Limit of wverw low conbrast
pmetwesr obdect asnd static neckground. This cuestiorn nas to be
investigated wetl,
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+7 Obhdect-Candidate Selection

If the sssumstion of & single movims obrdect  4Ar bhe
frame section is Justified the criterion of slter 2.3 seems Lo
hae reasorshle. Howsvery evern if & small rumber of M L
obdects is sdmitted in the seme seclionr simele criteria Lilke
slizes cemter of sgravibts sositions tive Fivel Tew moments ahout
the cernter of gravityy and averasse gred value should enahle
arme Lo combine the most  likelw obviect-candidates for tLhe
Tollowing stes. I enoush obdects of verw similsr sizes
calory and share move too close to eseh othere: 3  humsn
ahrsarver will have difficulties toos to  Ffollow each
irmdividual obdect.

3.8 Surerrosition of Ohdect-Candidstes

Here the hasic assumertion is that tive obhdeoct
does only change its rositionm due to translation,. No rotation
nor changes in size or  share sre allowed, Tt must be
irmvestidgatedy howeveres Lo what extent  such  changes of an
obJect imsge can be  asdmitted erovided the frame to Frame
differences due to such changes remain small.

4, Comclusion

Are algorithm Lo disolste 3 rerresernbation far & moving
abdect  of unkmown form and size From o seauence of TV frames
Mas heern described, Tt is based om the asssumertion thalt a
gsrous  of  cornected  resions  bheing  Joinbly  dissrlsced in &
sustemstic waw FTrom Frame to Frame without changing  their
relative rosition rerresents  the imasse of # movins obdect.
These assumsbions relate to rrorerties which are to & larse
@xtent dndererndent  From srecific srernes s Lhus mew asrear
#e comrFonents in 8 sHerers) obJdect  concest. Usirmg
these sssumsrbtions to isolste am obdecth resrasentation from &
sequence of Trames snd to determine the develosment of the

ption betweern the izolated resresemtation amd static rarbs
af bthe im »oover hime let il oz sar Fossible o cornceive &
susten which will sceuire some of Lhe krowledse abhout & scene
which nad to he suseplied Ritherto eusli Leibly drw the  swustem

L#mer or oreratoar.

e

g hive
:dhl@ o &
amranm g led e

Limcie v cordi b ome Wivhoho oan e
analwzing swetem Lhis *}PTﬁ>nh s ses ho
Wice  range of zulwrﬁwllnd This
arelied not only Lo ANRE: TV Pran gt of n'i:,n"n-}} T
frame secuencess tmmy grovices bhe  ohsns in o bhe obdeo
imasge from Frame to Prame are smsll aroush o JumLiFm Lhw
agasum=tion of & conbimuous obdect mobion.
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It reauires the Following sarametersd
for biwe sesmentation L[13]
- two reference coordimate sairs selecling the
sech i on
-~ Lhe edge confidence thresnola
= bLie redgion dissimilarity threshold
arngd Tor the isclstion of s obdect rerresentabion
=~ Lhe fTrame number difference Debween Frames
Lo be comesred
- a magtehing Lhreshold For the resion matoh
- g threshold FPraction to determine the obdect form
from surerimsosed obJeclt-candidates.
It e Lo e exrlored  in detsil how reliasble the
determination of the referernce coordinagte rairs Tor the frame
section arnd of the frame number difference rarameter will e,
Sipee the comerutstion reauired Ffor this method can easily be
sarformed  1m 8 mimicomeutery selection of frame sections Tor
more detsiled anelusis cen be delessted Lo the digitizing
rrocess belndg  executed om 8 minmicomsuter. I Teediback Trom
the isolstion of amn obdeclt-csndidate Lo bhe digitizing rhase
i rossibhley selecting & Trame sectiomn of interest can he
simelified g exbrarolatins e LraJdectory af &1
ondect-candidete already identified - whnioh is admitted under
Lhe combtinuity sssumebion 3.1.3 - This s esrecislly
sttractive 4F  fthe TV frame secuence has beern buffered on an
analog TV-dislk amnd the digitizsimg electroric comerises &8n
glectromic windowing festure with srosrammeble window limits

HS 0 QUT BB,

If the sedgmentation stes cen be avoldedy everwbthing e
to  arnd dncluding the obdect-candidate selection could easile
e deledgated to 28 minicomsubenr. It vremains Lo e
irnvestidgeted wunder what conditions the sesmentaltion ster can
e amiblbed, Th Wwill be reculreds howsvers when bhe
"exlbraction ss  entilw®  seeroach fails  snd the meltoh of
rarbisl obdeclt descrisbtions in situstions  with  occoludins
atystacles ar vanishing backsround  contrast  has Lo he
atltemnrted.

Althoush bthe examncles shown are oFf verwy different Torm
ard taker by different csmerss under differimg DLlamimationsy
anle Lhe reference coordinstes for the freme sectionm snd  Lhe
Frame mumber difference had bto be sdarted Lo wield accertshle
raaglhe, This carn bhe talken as & himlt thalt Lhe mebihoo
e robust enough Lo warrant Purbther exreriments,. L should be
splrnted ool bhet thiz method mew be serelied Lo estabhlish  the
corressondence  bhetweern reference soints for & moving obdect
in secuences of sterso Frames.

The detsiled discussion of the sssumstions  under]lwsing
Lhvig  arrrosch indicated & mumber of serecific cuestions which
sre currentls drnvestisgated, It maw well e thelt this
el fic  incernbive For Ffuarbther rezsesreh s one of the merils

of Lhe aemrosch rerorted.
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Dartiorns

Fige 1 Frame 90 (Fis. ia) snd Frame 108 (Fig. 1ho o

# sequence of video Franes recopes O oarn AMPE
aralc Tt mle Thie  Trame  seQuencse rer g
sbrast intersection  wilh Lraffics
our laborstory window Dy 2 commeroi
Yidloor osmers,

&
Fresin
mun;lurjna

l o s ¢

Flge d Section of 98 liness at 128 mixels eschs of frame
erlesrded to Tull Frame Formatd resrocduced on o
moniber  with e tre L af i Thomsor—Ho

solid-state imase storsse Lube From oigilbized

B

Fige 3 Segmentabtion resulbls of seusl sect:
(= Fige Za)y ang Prame 106 (= Fig
madified Yakimovelw alsorithm 1

atis From frame 90
2 Ghibained wilh

Fisgte 4 The larsgest set of chairm-matehed resions abvhaidred
i tihe mateh of the section From frame 50 to the

section from frame 104, & ‘commercial at’ () s
srimted for every eair of matoled pivels, Uit o fyesed
rixels from 2 region  din Frame 90 whicok i Gl
rartisally matohed Lo vesgions From Frame e b
a3  alrhabetic characters - see e.g. rart of the

shreel in frame 90 cn»@rud s the Tromt of the moviog
car L Prame 1046 which aprozrs g Fodr o bhe lower lefl.
Urmimatohed sixels From a }mPleila matoehed redion
of Frame 106 arresr as nonalehsbhetic charscters,
Mote the two holes sround column 72 betwosen
Limnes 3 and 12 which corresrond Lo white cemtor
sbtrires matohed to their cournterrart im bhe otiher
frame without connection to the enclosing darker
sbreelt backsround,

Fige 3 The sel of all urmebohed regions of frame 106
i s maten attemnst Lo Frame 90. The wuse of 3
auestion mark Lo resresent differemt regions i
Lhis Tigure dis onlw due to Lhe srimnting rogbine
s does not drdicate anw obher comnelusions.

Fig. & (bdect-candidat which are defined here as bhe
lLargest #srour of 4-conmected unmstohed re
From frame 1046 whern matched Lo Frame %0 (- &
ard  Trom  frame 107 when matohed to Frame 91
EFig, &t .

+

L

Fig, 7 FResion bourndasri
From F: S& and e res

Tor the obldect-carmdidates
pEehivel .

soarrels L omourda T Les

Fisg, & R@ﬁu?T of cras Limsg bhe
From Fig. 7a wilth those from e The vertic
mhift 1e dencotedd ssds amod varic Fromduw = —-10
rester sauasres in bhe tor Line tdéﬂ oo

raster sauasres (l.2, downd im bhe pottaom Line.

’
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1

doal

Fig. 13

Fam. 15

The hori

Formation of amn Obdect Concert mse

artal shift ds denoted ssdx and varies
fromdls =10 dir the left colummn tods = +10.

The tormost of the three numbers for eschdd andlg
imdicates the rumper of overlasring horizontal
ensesy bhe midadle one indicetes bthe mumber of over-
lapring vertical od=Eesy andd the bottom one #®i 5
the sum. The maximum is ootained fordy = §

& = 5,

i

411

Ohvdect-candidetes obtained for the sections

From frame 106 bhroush 112 (Fig. 92 throush

Gy peesrachbivelw). Orly boundaries Lo the bhacksrournd
are imdicated. The lines are crawn bhetwean bthe
outermost raster roint of the obdect-casndidate
ard bhe mext raster soirnt of the baclsrournds The
circled cross indicates bhe sosition of Lhe
cernter of gSravity of the obdect-camoidste. The
ohdect=candidates are atown in bhelr Frorer
sosition relabive to bthe comstant vertical
sechtion edges. '

wepoordinaste of obdect-candidate as a2 Tunction

of frame rumber for Frames 1046 Lhrowsy 112 of street
irmtersaection scene.

Freaousmeow aisteinution of raster souares Tor
gurareosition of a1l obldect-candidates &
comrensating their shift from frame Lo frame.

Oh.ect form resresernhatiorny obbtairned from F
w retaining only bhose raster scuares whioh
arrasr im a8t least 4 out of & obdect-candidstes
(= = 2/3).

Ohdect grew value rerresentation exbracted From
Frames 108 throush 112 of street traffic sosne.
Note bthat averagsing over & Frames let seease
wheels discermible which cannot : im &
single Frame erlardgensnt as Figure 2. (The
available core was Just insufficient Lo handle
aiv Frames From 107 through 112 when Lhe
pxtraction of & dSrew valus resresentation had
peern added to the srogram. TherefTore: onlw

Five Frames wersa used with = = 375 to sroducs
this michure.

Loy o -
[

ot

Frame 43% (Fig., 148) and Treme 457 (Fis.
of an indoor scerne recorded without srbificis
Thlumimation by & slumicon CamsErs on &8
sralog TVU-disk.

Bechtion of bhe ssme meooan L Fis. 2 From bhe
chisgitizings of the Frame shown dn Fig, Lda.
rerrocuced an o2 TW-morndtor with Lhe hels

af & Thomsorn—-Houstor solide-stete imase stors
Loatne .

Ddect-candicdetes act From the sections
af Prame 4837 through 3 (Fis. lda—Fe B
1w) e matohinsg bhem Lo corvessonciog
From Frames 435 Lhvoush 440,




Frisf,

1y

Formation of an Obdeclt Corncerl

Obdect Form resreserntationr obtaimed Trom
surerrosition of obdect-candidsetes shown in
Fig. Léa-F after comremnsating their Prams ho
Frame shift ard retsiming only those raster
suares which arpresr in at lesst 4 aut of Lhe
& obdect-candidates (& = 2/%),

Ohdect srew value rerresertalion axvtracted
From Frames 457 throush 442 of indoor HOEME
corresronding to obdect Form 2s shows in

Fig. 17, : 3 rnote thet the abdect
rerresentation comrrises aress which are hath
llghter and darker as the backdraound

= @lthough the hair redgion is difficult tao
discern in this resroduction.

Raester sauares with srews value i TPeraernceas
in excess of 10 (Fig. 19a3) amd of 15 (Fig, 190)
retween Lhe same sections of Frame 90 VE T LG
frame 106 as used im Figure 3, (Grow

walues had beern digitized with 8 bits, The car
rerresentation results FProm Frame 108 WVE PR
the rixel dgrour st the leflt hamd aiche g oue

to the car fromt ssreasring in bthis aeelhion

of Frame 90,
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