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ABSTRACT

Mean shift tracking is used widely for object tracking. However, one of the main
problems is that the background on a current frame has the same color as the target
(object) which can reduce the correctness of tracking. This thesis proposes lmproving
of Mean Shift Tracking Algorithm Using Adaptive Candidate Model. This algorithm uses
the background positions on the previous frame and the current frame to compute the
new candidate model. The window size is fixed. The dataset is received from
Performance Evaluation of Tracking and Surveillance Benchmark 2006. The
experimental results show that the proposed MST_AC model receives higher
correctness than those of the traditional mean shift algorithm and Independent

Component Analysis Mean Shift Algorithm.
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eckor

Similarity ooy STl
Function: f(3) f[q’p(‘))]

mwilszney 1.12 mﬁ’mm’mﬂé"}uﬁ'u'izwhumuﬁ'mamé’nﬁ’uu,umi'aaaa@:uﬂa
{Simakov, 2008)

o s L3 A A
wWUUIIReINEn (Target Model) mnmwndsenay 1.12 Safafitilu Histogram §1

o o % v X ¥ oa a & o . .
UFAIULULINREINEN Gﬁiq{laﬂuﬂiﬁLﬂﬂ']“a*jﬁ]qﬂ"ﬂuﬂﬂuﬂq?}’ﬂ?ﬂq (Object Detection)
a

L = as Q a A‘ b n 3 it .
wazldanaanisdiaauiag wuydassnanfidsznevlldns ¢ vendazinia Bin (v )

W18 m a={Gut,_,, Wwosluudaz bin wildenarszazmaseniduning:

yagudnanszamihd (y) wdE T e kernel 91N Normalize finwas Bin 14T

T ] 1 bl n[
ﬂ'lﬂg?::ﬂ')”lx‘i 0-1 eguNIIN (1.1)

w (B(%)) (11)

n .
éu = Czk[ﬂy l
x| h

Tae ¢ 1ffusin Normalize siasan13f (1.2)

ik[ Y;*il] (1.2)
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o A:! e & 1
nooWnu mmuﬁ;ﬂmaan'luﬁmma
y  Unw ﬁ;@}g{u{fnmwamﬁwhmé'amnmimwmfi’mq
A WN% T0UMIATEILAR X WATLAYK v wnsdiawanihdiain
a4 A 4
JTRAsY vBUIBAUNY X 1Az y AB (A1NANT12 , AN 2)
X1 UWNY AR UIVDY Pixel
k)  unw Wantw Kernel
Fi o 1
bix)  WNB pansleadAdnie

Y d
8,(x)  Unu Kronecker Delta Function a3&un1IN (1.3)

é‘,,(x)={1 ifu—x=0 (1.3)

0 otherwises

wuudaadfuas (Target Candidate Model) nmwszney 1.12 anfafii
Histogram ﬁuﬁmu,um‘imaa@}mh (Target Candidate Model) s’fmza%mnﬂ%“alﬁaﬁmu
Ini uasudazsuansadsldunnnd 1 as %uagliﬁ’nﬁ'm'nuﬂé”ms:wjﬂouunﬁwm
wanuazuuudtaaagualy LLuuﬁﬂaaoﬁLLﬁaﬁﬁs:nau‘lﬂﬁ’qm » vasudazinia Bin (#)
qaud 1 89 m b={Pa},, . AFlunassfanuudiaasgudadwdsanunsaing
wuuUdiaeInan lay y uﬂuﬁg@guﬁnma ABIRAUIEN AT A TETIILLUEI 8 09aIRINIT

A (1.4)

ﬁ=,<y)=c§ F%"D&(b(xi)) (1.4)

Tumysdsnuudransdasiinisvin Quantize iaaasiuani Sonddimud
Frmae 256x256x256 Bin ddeamsaadnan Bin Windous 32x32x32 Bin fiiulufld
Taelidaduldmuntsdl (1.5) uwnavih i 3 D8vasiues (R,G,B) aylugiuu 1 8 49
b(x;) winefsriiasnedddldanaunisf (1.5)

b(x;) = R(x;)/8+32G(x,)/8+32x32B(x,)/8 (1.5)
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IJ (-] 1 1 3 k]
Tag Rix,) unw Suasfidnunsds x, Geflenaaud o - 255

L4
s

‘J o 1 i3 b
Gx) W% MAlEafidunids x, Sefidreiond 0 - 255

¥ oA , 4 a, & \
B(x,) Wnw B@ufdunus x, Gollarasud o - 255

&

cﬁ"aazi'mlun'rm%’ﬂmum‘haaamtmuai'mamé'mtaumm‘i'iaaag}mlaﬁ*“a%‘msa%’w
Anlourudsninisznay 1.13 unudaatsvaanan 1 u Tasluwsaniudifagfiaule
FagandummanaziinuoisvRnadnis Indes (1,3) (1,2) uaz (1,1) unuian lu
409 (2,3) (2,2) (2,1) (3,3) (3,.2) WaT (3,1) unuimm Ane (2,2) Lmuqmgmj‘nmwaa

Y T 1 . A o o ~ P
whene (y) nidnfifivuie 3x3  anfinldidnlsluniseionvudinesdl 2 & wIed

$1%9U 2 bin §8 FIIUasFEIN

{13
ny (.2
(1.1)

L,
ol

unu X

AMWlszney 1.13  @28819nTEIsLUUsIand

b 0] ] =t o e J
W dundesianiiai x =(1,3), xs =(1,2), x3 =(1,1)

) ] = = 8 AJ
AunITaITINIAIN x¢ =21, x5 =(22), x =(2,3)

v = @A), xg =(3.2), x =(3,3)

33
PALHUFVEIUNU X BASUDU Y = (E’EJ

J R & —_ - —_
@1 bin FUMTWNIRUS = k[ bit.d| J+k[ Y h"z +k }y k’“
+k{

h )
o) =

] . z
7 bin MNIINNIRUN

— N

Y—X4
h I h

A

| &

H]
e
TN

sk Y~ Xg

y—Xg
h

-
M




2 2 2 2 2 2
» 1-2| 13-2 1-2 2-2 1-2| [1-2
é bin Bvmsudaa = A0 [T P TS L S L R R L T
2 2 2 2 2 2
= 20
9
2 2 ) . 2 2 2 2
. L 2-2| |3-2 2-2| |2-2 2—2| li1-2
a1 bin flnunanea = A S22 [ S S| Rl S
3 3 3 3 3 3
2 L 2 L 2 2 2 2
\ \ /
N2 2 2 2 2 2
3-2| l3-2 3-2 2- 3-2| li-2
S i e N et B T B e T O
{ | 2 ) V\ 2 2 2 2

28

9
o s af v ar o '
¢ luiiflas Kemel Profile Tatyn@ld Epanechnikov Kerel dagumsil (1.8) Saaznanlu
H M ¥ o= a N
Junawas bl 99n1iuivinnns Normalize

. . oA A a N s . oA & s e &
f1 bin §U1717Y14n13 Normalize = 61 bin FUNITIUNIRNA/ (ﬂ'] bin FY1ITIUNIRUA+

, &
§1 bin HN1TINNINAA )

20

9
(20 23)
___+__
9 9

0.417

1l

] o= ol .
&1 bin FINNAUNIT Normalize

"

1 . = 8 ' . 3
f1 bin #N1FINYIRUA /(A1 bin FPNTINTHRAA+

1 bin MNITIUNINA )
28

9
20 28
4.._*,._.
(5+5)

0.583

9o o a4 e 2 o [y
Kerne! MaanIuUTua1nTuLN (Input) 'lv.aQmugmmmumimﬁmzau R

' o o ' [y A
Slunaaniludiefirunzay §2ad1 Kernel usadlanaanyied 1.1
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L &/

mSsufisuanyedie WumsiaenuadigszndsuuudinaInan (g,) ez

-y a 1

° i 1 = A -3 4 As oy
woudaadguds (pe)) Fetarmimmedidenuudffinaliiufads The Bhattacharyya

Goefficient 1at Bhattacharyya (1983) Fafluisiannuadslumada Fagunsh (1.6)

50) = €150, 4] = £ {04 @ (1)

a319%1 1.1 §29819 Kernel (Simakov, 2008)

'éi) Kernel AMNINNEXNNIT dHN19
Normal kernel
1 .
Ky (x)=Cxexp (-E”xuz)
(1.7)
Epanechnikov Kernel .
2 '
Ko ()= c(1~||x|| ) |f||x"51
5() {0 Otherwises
(1.8)
Uniform Kernel
cfjf if"x"Sl
Kylx)=
U(x) {0 Otherwises
(1.9)
Gaussian Kernel
x2
Kg(x)= L e 262
2mo
{1.10)

pl oref ) ] 1 a 24
nFun1If (1.6) YTudumislndlapardoanuadie 210113
a k2 e ﬁ{ n:: 24 )
ilssanondaduas ldsunmsh (1.11) v LL'Ym’igﬂQ%ﬁﬂﬂ’]ﬁL?N@lWBﬂﬂLt@lﬂ:iN‘m

du . (1'11)
Pu (yO}

- 1 m 1
PO - X AP ode, +o Z Pu(Y}
2u=1 2 =1
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P | -y AW e |
PNFUN1IN (1.11) maamn%i’;’; PG, Wi y Jsdafisldaasunisf
u=l|

(1.12) uag (1.13) 9% k() {uWeridu Kernel FaanTIf 1.1

] T (1.12)

u=l4=1b{x )=v h Py (Y,,)

ORI k[ X

¥y-x
h

(1.13)

M

. Cua
() = > z Wik[”
i=

lag

. 1.14
wp= % =I5, (b(x,)) (1.14)
u=l ¥ Py (yu)

& o P as
Twaaw 5) Waun1sfl (1.13) awagudnatslnaiszldasunis

cl r=) FJ 1
1 (1.15) lag & o Kernel firinw Differentiation

n ~X
S xpwik' =X, }
i=1

h
\

(1.15)

yl - N y—x
k'l i
Elw, ( ——————h

- @ P e v
Tunsdlf x'eo \iu Uniform Kemel @3un3f (1.9) mmmawgﬂaumm (1.15) 1a

Wwgunsfi (1.16)

(1.16)
o4 ot g hod
wragusnataln (y,) Aldlumanuadrolnidiaunisf (1.6) mnuudsy

1Y) ] & aa 2 1 1 1 P ° Al &
UVHIGVDIR UG TINTINYUADUITUNEN ¢ WY ﬂ'lHﬂ@l’NYIﬂ’]ﬁuﬂ\I’]ﬂ’Nﬁu’l

While p[p(¥1).41< plp(¥0), 41
$1 ¢ %()" 1+%0)
Evaluate o] p(¥,),4]

End While

If "91 - 3(0{[ <& Stop

Else §,< ¥ Gotostep5b
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& w LYY
P61 6) UTUUWIAKRWIN
ar L7 ] 1 3 z T z ad
lunisdfuamanihdnlusznine@aanuiuiagiuiinasid
Fau1u 191 3Fn13084 Comaniciu (2003) 1d 153 sUiuawantaslasldzuniy

(1.17) laglddr A =0.1

h brev + Ahprev (1 17)
h = h prev - Ahprev
h prev

) gj T 1 X L 23 ] A )
Feazldmihenarimug 3 wihdn udndennihdrefilddr Bhattacharyya
. 2 VI & g ) & 4
Coefficient gafiga Gandrdamuaniin gy wdnhlummhdelnidnasufalile

w o4 A W A
yamideiimanzanlasldrunif (1.18)

new = A hopt + (1 — Ay, . (1.18)
A den 0.1
new  UWNH @MR TR IRAIIN tATUN TSRS
By W1 AN TR0V LA sUR B UM
Fratdmsdsuswientthens danwdszaey 1.14 uaruwldniinnua
swanihdnuuasfiunnanldismalsusmaniidnanty  £10% vasmaniians
walE TS unie9aiy  Scale Space  WarmanInUEAITeddeldL09ATMT

Mean Shift le@aanTeft 1.2
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awilszneay 1.14 Mannsdiunidnedasitdny o (Simakov, 2008)

& =t 4 A2 © Tl
7190 1.2 Wisuifsuded dafuvaimifamylaslsiF Mean Shitt

L=
piyalc)

daldy

THanlunsviheuiay

o W el e
sasofeanldtsudiagihnanass
gnmﬂ'\nﬁmmadm
‘lﬁémﬂm’t’aoj’ﬁ’aaqumi‘nml‘uﬁu prikgh
PUNG
sunsabhanldiudaysnifinay

Qmé"ﬂwmz

L7 1] A 1 i
. PUWIAUBIMHIE 1R Laranzayiinase

. mwummmmnmmﬂmmaﬁwlw

AAgNE aslun1sfiaeny
. X

fnauleanaia lunisdaany
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oo . a 2 as P
ASennsTa9nIin Mean shit ngastunisdaauuaadlddaarsien 1.3 lay
utuin 8 dszidwleaait

o szidnd 1. sfan1shaas
TunsaaamusarsowisfianiiGaauasnidiiu 2 dszan e ns
Aaay 1 '3’9‘111 11 9189 Comaniciu (2003) Collins (2003) Yang (2005) 8nil3zian fn
mfaauiagnateing s 9I%u8d Tang and Sang (2008) Idsuedsmuntdgwins
Gamulunsdifitag 2 Tagdeunu
o isufui 2. Preprocessing
Wl se@ufiRanTanT Preprocessing mwaanfiazgfsuvudassla
Frezflunndengluuud nsudengu F9rnlUfens Setup  TruvnowfiesSy
ATTLIUNITAAAIY LT% n'mﬁani’mqtﬁalﬂumsﬁﬂmu szunaffsylumsfaaudan
Tw#l 2 s2up Ao szuu RGB luaMuaas Comaniciu (2003) Birchfield (2006) uassLULUE
HSV L Me89 Zhuo (2008) uaz luamas Zhuo (2008) Li (2008) ldvimsudangud
3BN1T Mean Shitt
o 1szifin 3. NTEILUUIADY
pupsassaaTautianldiiu 2 Yssandiedy fa uuudiasimannie
Template 11U WoV{1989gWT wuudsssnanlyinsiisuelas %wvnnmﬂﬂmwm
Wwyn mmmmumamﬂLrﬂwmstﬂauuuﬂaamaam‘ammmwmmﬂaﬁu‘lﬂ Taoriabjuda
andnlunupdnass  Suddrszazineseninadiumils Pixel Nudunisaagudnatuas
wil@ng (Centroid) ui2¥NMs Normalize 1fB98:31@07 LT3 314984 Comaniciu (2003)
waz Li (2008) LLa:a‘imsaJ%’uﬂ‘gw'mﬁfu Tﬂsﬁmnﬁuqmauﬁﬁﬁmﬁ’ﬂﬂ LU TIWIN
ARy LRLAINITNIZANY 19U VA Birchfield (2007) uaz Zhuo (2008) lusmpad
Chung-Wei Juan (2008) leugnsuuudiaadued Birchfield T@ﬂ‘l@ﬁﬁmmauﬂ’ﬁ ALade
waranisntzeigraddanly luawaes i (2008)  lesin3Bn199a9 Independent
Component Analysis 3nldAuuyudiaas wazluauuas Yimaz (2007) ‘l@‘i’w‘émﬂmauﬂ’ﬁ

1 s ;!i s ] df =] L 1
ﬂ’?ﬂ’lLLﬂi’ﬂ%L‘H’lﬁﬂﬁ 8 a3 LR alERITMINTIN YUVAIRRIAN

A
o lszi@uA 4. Similarity Function

fafsudlflunisuionfisuanuadisvssuuudiassdrnlngazly
Bhattacharyya Coefficient Faananfousnlay Comaniciu %{l‘lﬁ’ﬁ'mmuﬁinaaaﬁﬁqnmuﬂ’ﬁ
AaeTT DIV ITE TGN Pixel NUMUAIN Centroid U&2Y1IA1T Normalize  6adn
mundsflatnmuiudswuuudiass SehlisdsulumsuBeufisuiinasgduuy
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o szidud 5. nviuiAsnamianitneng
AgaldluntsUsudsnamaniiaeng Comaniciu (2003) Ieiauads £10%
PMNIWARINGIEY 1A Colling 2003) éiauais Scale Space @9dind1A% £10%
Yilmaz (2007) 'lﬁ’taua%%‘lumsﬂ%’mﬂﬁmﬁﬁqﬁwmugﬂ%ﬂwaﬁﬂq Zhuo (2007) uUa
Zhuo (2008) dtanedFlnifdinin3% £10% uas Scale Space
o 1szfind 6. msur’fﬁm‘,mﬁ’%ﬁﬁa
TymAiunds Li‘ﬂumm@;éﬁﬁ'@ﬁﬁﬂﬁ’mmgn@i’aﬂumsﬁ@emJﬁmﬁ'ar;m
Slumsuitlgmiiungs sanlngrldnsamembiafomfunds idu  luemoes
Comaniciu {(2003) ez Chung-Wei Juan (2008)
o szdnd 7. annanda
Tudszduaasnnuifinarsitarenulidiazily Yalan Big 0 wu
UYDY Comaniciu (2003) Li (2008) Jalaslddruu lterative @aivisy 131 9uwa9
Yang (2005) Zhuo (2007) sz Zhuo (2008) kazialavldiaads 1 saunnsiiew wgu
37889 Chung-Wal Juan (2008) '
o sufuf 8. ANNYNADY
lunad3suifisyarnugndasiinateidfdaadu wiu 143% Euclidean
Distance 1%1#d1uu84 Birchfield (2005) Birchfield (2007) Was Zhuo-Lin Jiang (2007) 3T
RMSE 1lsta1189 Zhuo-Lin Jiang (2008) kaz 3% Sum of Squared Difference 15 1%s1
184 Yang (2005)
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1.3 fmqﬂizmﬁfwaﬂm%ﬁé‘fﬂ

A & . . o 24 @,
WarannguaaudTlunifiearuianlasldifnng Mean  Shitt ¥iau

b

&
t;l_'ﬂ HIHTNIR
1.4 2AULYALALITNITAIRITN

=3 s A = 2 F=d
144  Bentagfisulalumsdaaudrei® Manual

@ An e o - = P
1.4.2 ﬁmmmlmmmfmq!.ﬂmmﬂ'lummﬂmmﬂugﬂamaauuazﬁmmﬂ
|
a9

o o . T o 2 A o .
143  depfldlunfemumiuiaghdnnateun ww AMAuRIada

ot

1.4.4 "agaﬁﬂtﬂ?’ltﬁu‘lwﬁ Video
& o A
1.5 DUADWBLATITHLLIRINITANRIIN

1,51  3Fmsanitnnisiag
1) Anwewddt enanfifisadasuasinuassuinavasiiymlidanu
2y dnwunafiafiAsdedilslumstamanulyfinimanssuiosdn
3) dnwnadasdlefitanlumsfiaaa
4) NATIEAUAZADNUUUMNTNAREY
5) WauUNAMNIY
6) ajtuaritansinamadsafiunsliuszuy
7) davhienasdsznauniiivy
152  suzaaniiigmwnsisy
WOAINILUW WA, 2551 — WHBNIAN W.¢. 2653

15.3  LAWAITALR®ANSIAY

UHBNIENRBMHTDuaaIndanNTIeh 1.4




oy i Sahy

= e = a
1. @NWITUIIBUELLENTITH

A 2
[Salakekilch)

= A o ¢=l 4
2. dnwunaflafinoadasiu

Wi

S ~ A AN e
3. GnwwaTavilafibd

4. Wouunangian

5. SwszAuazeanuuy

Al

8. WaWsEL

7. newavuasysziinseuy

8. ayuaciinTzving

9, 3arLanaEI TN gTHWRE

[ A 1
1.6 FONAUAZIASDIN N 1%

1.6.1 FOMMNANBWNNTIVY
#o9fj1idnTs Artificial Intelligence Research LAB (AIR) naufialans

CS207 madasufiaes’ amAnmeasad yniinodossvainaiuns

1.6.2 méaaﬁauazqﬂnm{ﬁ’l?}'
1.6.2.1 anarfauas
1} CPU Intel Pentium 4 3.00 GHz,
2) RAM 1.5 GB
3) Hard disk 80 GB

4} Camera webcam
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1.6.2.2 amsardury

1} Visual studio .NET 2008 (VC++, C#)
2) OpenCV (Library)
3) Microsoft Access 2007

1.7 UselagdnarainagldSuuasnisisy

o .-:i' as s =~ = Q4 ﬂ;
Wmanmsfldldszegn cﬂ‘ﬁ’lum5ﬂsuﬂ§aﬂ'§:aﬂﬁmwrl,umwammmq'lun'irﬁﬂ

a g Aol o & a é - o a &
FHURIIUALNYD U’J@]q \‘im&lﬂ’;ﬂé&gﬂ@ladluﬂ’!‘iﬂﬂﬂﬂwLm::‘S'mL‘a"l ﬁ']:l’]iﬂﬁ’]&l’ﬂ’lﬂ%
v 84 o L2 ) = k2 ~ A
BRAHATW i1 ﬂ'?dmuﬂ‘ﬁi‘ﬂﬂﬁﬂ’l’mﬂﬂaﬂﬂﬂl"ﬁm?@lﬂmummﬂaaﬂ\‘}‘ﬂiﬂﬂ LWﬂ’L?ﬂunqi
s A s
ﬂsqfﬂﬂqvﬁ@lﬂqiﬂiﬁ%a?ﬂﬂﬂu‘]ﬁﬂﬁﬂ

1
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a4
NHPHNENLIDVY

A’ 1 AA’ ] A ;:‘ 2/ v a o .
unfezndniimgeiiugiudrs g afoidesnunns@eaining  (Object

. o . = = '
Tracking) &sfid9® n13UszaananIW (Image Processing) MTAtaszWiale (Video
Analysis) msam‘hgmmu (Pattern Recognition) W8z ﬂ’l?@ﬂﬂ’m’i’ﬂq (Object Tracking)

nuldfstuaenitlumsdiaaaiag

2.1 A1syszaaNanIn

N3 UIRHENIN A8 mzmumi'l,un'rsﬂi:mawaﬁ‘umwiﬂ;J“ﬁ'ayja
g (nput) 1flunw waz doyaasn (Output) 1iwmw Taa2 lmwazdsznsudan 2

13 Aa arunhuuazanug AanNsEney 2.1

Dimension 2
A

Digital image

»
»

Dimension 1

amwdszney 2.1 adddsznavuadniw (Bovik, 2009)

A0 o 3 e as 9
AnAlEnininaioan 1w wnsamnisineanydesanslanls

24 o " . L ) A =y o [ 24
né89299370a (Video Surveillance) m3lfmmngaananadifialslunisifadulse 1Hudu

@1081997% aanwlszney 2.2

27
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Astronomy Meteorology
Seismology

Radiology
Ulfrasonic \\ / Alttonomous
imaging / navigation

Microscopy ————— Industrial

inspection

Robot guidance 7 \\ Oceanography
/ / \ Aerial reconnaissance
& mapping

Surveillance
Particle Remote  Radar
physics ~ sensing

“Imaging”

mudszney 2.2 st NNunIinnIsTsalananIn (Bovik, 2009)
Yt (Sensor)

o ] A 4/ 4 [Z3 ar
lunsrumasy g mnaufiazaiiuvaiwndssldanfudny
1 ] ' k2 ar 1 el t:i = as :J

grasulsgunnmmssusdsdienulidnduiinmenanafied Siifiannn

¢ Re
2

e dc: 24 s ar
agLay JENFZNBUINNINT aamwlTznay 2.3

ot

ﬁ Radiation source

/v “//Smi!ied
radintion

Opaque
reflective
ohject

Sensor(s)

Sell-
luminous l
objec!_\Q" __/' Electrical
P, —_— signal

Allered
radiation

Radiation /

Transparent/

souree__ <y
Emilted teanslucent
adiation object
T MIANIUAEY (Bovik, 2009)

mwisznay 2.3
Y o @ ' A [y & w W e
yrawssitldanniagieufiazahadunwin mvesuyedivldudana

1
Iy A A 1 { P & ' s W {
g1ARUT AN EING oI A nLEI NV ILAR e"ﬂaagluﬁw UV nu IR fAaddesyiniiie
Winui A unugI9RRRLEININNG §I0879189 Spectrum dInsznay 2.4
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—frequeney
Gamma Visible Microwave
Cosmic 4 rays _+X-mys )
rays "V V| 4— IR —
HEEEEEENEEEEEE .
104 1072 ! 102 104 108 108 1010 10"?

Wavelength (angstroms)

A 1
mwisenau 2.4 Spectrum vasaduLIRAN AT

2.2 M33As1eKIALe (Video Analysis)

nMsIaTeyaales fs nsdnmdueanitoesnisiafanfivasninuniale 49
. d o e
uﬁm'lugﬁuuu Digital (0 4ag 1) tﬁaLﬂugﬂLLuuﬂﬂaumma%’mm‘snmu‘lﬂ Tunny
o o o 2 as ‘% dr Y & - ol |
ayizRaalaaziAsdoenuman dalasnaludreatdunisiafaufinianisilfouuilas
s w 4 P ar o v o o &
vaadag warlufeguitasmngdnsaialslunmsdaninfsrdvmudanuSuniuias
A o 9 ot v Py & Ay o s Ay el P4 a  w
Magnas Saldnsidsiaenunmsdienzdnmuildanidledundy lasundud
Falatsznaudan 3 N8 fa xyb) law x vy usasdunus uaz t Huazihwsy ad
::é &l 3 % = soa
nwlszney 2.5 SalanunanensarnnnsUssunanan wdedl 2 38

Dimension 3

Dimension 2

Digital video
sequence

Dimension 1

mwilney 2.5 addtszneuvasidle (Bovik, 2009)
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Radio

4_frequency —
Gamma Visible Microwave
Cosmic ¥— rays _*X-m . +—)
rays «— ™y u| — RrR—
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Improving of Mean Shift Tracking Algorithm Using Adaptive Candidate Model

Matee Boonsin
tificial Intelligence Research Laboratory
Computer Science Department
nce of Songkla University, Thailand
matee_b@hotmail.com

stract— Mean shift tracking is used widely for object
icking. However, one of the main problems is that the
ckground on a current frame has the same color as the
‘get (objeet) which can reduce the correctness of tracking.
is paper proposes Lmproving of Mean Shift Tracking
gorithm Using Adaptive Candidate (MST_AC) Model, This
rorithm uses the backgreund positions on the previeus frame
d the current frame to compufe the new candidate modcl,
¢ window size is fixed, The dataset is reccived from
rformance Evaluation of Tracking and Surveillance (PETS)
06 Benchmark, The experimental results show that the
oposed MST_AC model receives higher correctness than
rse of the traditional mean shift algorithm (MS) and ICA
an shift algorithm (MS_ICA),

Keywords-Object fracking; mean shift tracking; candidate
del,

1. INTRODUCTION

The mean shift algorithm was proposed in 1975 by
kunaka [1]. D. Commaniciu ef /. [2-4] was the beginner
0 adapled mean shifi for tracking. Mean shift tracking
s categorized as a kernel tracking by Yilmaz [5], which
d geomelric window such as circle shape or rectangular
ipe to represent the target. Mean shift tracking can be
nsidered into 4 items as follows: 1) modei, 2) similarity
ction, 3) window size adjustment and 4) weight-
ckground information. For the first item, the model is the
yperty of the input features of each binof histogram. For
unple, D. Comaniciu et af. [4] used spatial a radially
nmetric normalized distance from the object center as a
ture. Li[6] proposed model by extending model [4] using
sspace of bin, Birchfield and Rangarajan [7] proposed a
del which used features: number, mean ,and covariance of
- pixel location as features. Juan and Hu [8] used an
ended model of Birchfield and Rangarajan [7] by
fitional mean and covariance of the color pixels. The
dels {7-8] are more descriptive of the target than that of
Comaniciu ef af. [4]. The second item is the similarity
ction. The similar function was used to compute the
ilarity of the model] between target model and candidate
del. There are many similarity functions that can be used
iracking algorithm. For example, D. Comaniciu ef ai. [4]
d the Bhattacharyya. The third item is the window size
ustment that was depended on the size of target.
Comaniciu ef gf. [4] chose a different window size (3 %)
find the highest similarity value to represent a target.
llin [9] used T. Linderberg’s theory based on local
xima of differential scale-space filters for the adaptation
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of window. Jiang ef al. [10] used multiscale images from
a Gaussian pyramid, The last item is weight-background
information. Juan and Hu [8] and D. Commaniciu et o/, [4]
extended target window fo find background weight,

One of the main problems of the mean shift tracking is
the background on the current frame that has the same color
as the target, which can reduce correctness of tracking.
This paper proposes a mean shift tracking algorithm using a
new adaptive candidate model by computing the background
positions on the previous frame and the current frame, The
rest of this paper is organized as follows. Section 1l is mean
shift tracking model. Section Il will describe on the
MST AC model. Section IV is experimental result.
Section V is conclusion.

II. MEAN SHIFT TRACKING MODEL

Mean shift tracking model is a general model used to
tracking, which consisis of 3 steps as follows: 1) initializing,
2) creating model, 3) measuring of similarity as showed in
Fig. 1.

1} itializing

The first step is initializing steps such as color system,
bin size, kernel function, and specifing the target area,

2) Creating a model.

The model can be categorized into 2 groups: a target
model and a candidate model. A target model is a primary
mode! which represents a description of target. It will be
created after the target is detected. A candidate model is
used to compare with a target model by using similarity
function. If a candidate model is not a target model then the
position of current window is shifted by a mean shift
algorithrn,

3) Computing similarity.

Similarity function isused to compute similarity of two
models between a target model and a candidate model.
Fig. 2 shows a mean shift tracking algorithm [4].

| LIcittadizing 1
Inputdata—— j }
2.Creating model

Targes modal Candidate model

3. Compuling simitarity ,

Owput dss ——=—F T

Figure 1. Mean shift tracking model.




. For frame= 1 to a number of frames
If frame=1
Detect object
Create atarget modet
Else

1

2

3

‘)

5

6:  Creale a new candidate medel ( ¥¢ )
7. 8= Similarity( ¥ )

§: Compute anew center ( 3"1 )

9:  Create anew candidate model { ;)
0: 8= Similarity( )

1 While < 8

N 1i &
2: ¥1 <—E(Yr‘“l/o)

3: Sy = Simitasity( ¥1)

4:  End While

s 16§ —Fof<e stop

6 Else ¥ ¢ ¥y, Goto Jine 8
7. End M

8 End H

9: End For

Figure 2. Mean shift tracking algorithm [4]).

III. MST_AC ALGORITHM

The correctness of mean shift tracking depended on
ating candidate model which used color position in
rrent window.  The position can be categorized Into 3
>ups: 1) the position is a target, 2) the position is not
arget and it has the same color as a target, and 3) The
sition is not a target and it does not have the same color as
arget. The position that reduces the correctness of the
cking algorithm is a position that is not a target and it has
> sante color as a targef,

The method of finding the background position wiil use
» information from the previous frame, First frame is
tecting a target and then creates a target model as shows
Fig. 3 (a). The next frame is creating a candidate model.
e background position (in black.) is the area which is the
ult of an area of new window (that has been shifted)
nus atl area of the current window (old frame) as shows in
.3 {b).

Improving of Mean Shift Tracking Algorithm Using
aptive Candidate (MST_AC) model has 6 steps as shows
Fig. 4.

Step 1 is initializing using Epanechnikoy kernel as
s in (1)

{a) b}

ure 3. Movement of the target (8) A curmrent windew on first frame.

Movement of window and the interested background (in black).

895

Step 2 is creating models of a target model §, as shows
in (2) and a candidate model p, as shows in (5)-(7). The
method of creating a new candidate model is different from
the traditional mean shift {4] by (5)-(7).

Step 3 is computing similarity using Bhattacharyya
similarity function as shows in (8).

Step 4 is shifting to a new center point ( §; ) as shows in
(9) where ¥, is a current center point.

Step 5 is assigning a background position g{i] where  is
the index of pixel. Step 5 consists of 4 parts.

1) Setting flag value of background position.
2) Calculating a vector from ¥ to §5q4. The vector is

used to identifying a direction and size of the moving target.

3) Creating a new temporary center point (¥, ). This
step is used to computing value of the background position.
The direction of background position can be found from the
background position minus with a center point (¥,). A new
center point (¥, ) is created by the vector from step 5.2 and
5.3. The reason of computing value of background position
in (15) is that the probability of raising background position
on the current window is higher when the direction of
background position is opposite the direction of moving
target.

4) Assigning a background position value.

Step 6 is adjusting a current window position until the

similarity between a target mode! g, and candidate model

Pu(3o) is matched then store a current frame and a current

window.

Note that the highlight areas in Fig. 4 are the new
proposed steps or equations comparing with the traditional
mean shift algorithm.

Step 1: Initiallzing

1.1 Tnitiafizing an area of a target model where the center position is y.

1.2 Choosing a color systent.

1.3 Choosing a bin size.

1.4 The feature spatial a radially symmetric nonnalized distance from
the object center.

1.5 Using the Epanechnikov kemel.

2 .
k(x) 2{1--—x if0<xand x<I o

0 otherwises

Step 2 : Creating a madel

e first frame (fi

2.2 Create a target model {éza }"=]._m for all bin.

Let b(x,) be an index color of bin on a position (x,)

F be a bandwidth of window.

m be anumber of bin,
n be a number of pixels on current window.

3 =cii]k(1F%‘§>@, D) @

Figure 4. MST_AC algorithi.




C= Lé ;{“%m—l
% (% ={1 ifx—u=0

0 otherwises
“reating a candidate model on other frame
1.1 Create a candidate model
E &

&

&)

tep 3 : Computing similarity

.1 Evaluate similarity function on current window (¥g).

PLBGoNE1= S G0

&
=1
tep 4 : Shift to & new position
1 Shift to a new position (¥().
Let 2 be a number of pixels on current window
! &"
22X 3,60 )Ju {B(x;))
9; - i=lu=l1 ASAY )

8, (b0, )

L& \/ du
i=tu=1¥ Pu(¥o)

Figure. 4 MST_AC algorithm {Continue).
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Step 6 : Adjust a position of window

6.1 Creating a candidate model on a new window ( ¥1).

6.2 Evaluate similarity function on a new window ( ;).
m
pLEG.41= 21" Bu(¥1)du
W=
6.3 Adjusting a current window position.
while o[ 5(§1).4] < pLA(F0):4]
~ I, A
Y1 ¢ 5()’1 +¥q)
Bvaluate p[5(¥1),4]
End While
If ]9, - f{u < & Goto step 6.4
Else S’o — f’l Goto step 4

(16)

Tigure 4. MST_AC algorithm (Continue),




1V, EXPERIMENT RESULTS

The Mean Shift Tracking Algorithm using Adaptive
andidate (MST_AC) model, MS_ICA [6] and MS [4] have
:en implemented in visual C++ and tested on a 2.40 GHz
tel(R) Core (TM) 2 Quad CPU Q6600 with 2.00 GB
emory, The number of bins is 32x32x32 bins, the color
stem is RGB. A window size is fixed. Initializing a target
sieet is marked manuaily on the first frame. The target
sition is manually marked every two frames. The
aclidean distance is used to find an error. The data set is
ceived from sequence pictures of PETS 2006 Benchmark
ate  [111. The names of sequence pictures are
alknearcamera I and walknearcamera 1. The details of
quence pictures were showed on TABLE 1

Fig. 5 shows the example of the tracking algorithms
here (@) is MST_AC, (b) is MS_ICA (intra-cluster = 8),

() MS_ICA [6]

TABLE I. DETAILS OF SEQUENCE DATA [11}.

3

Walknearcamera I 140

T20x 576 7T 30

Walknearcamera II 170 720 x 576 45%137 30

and (c) is MS (extended window +10 % to compute weight
background). The tracking results for both Walkmearcamera
I sequence and Walknearcamera Il sequence, MST_AC is
outperformed. Fig 6. shows distance error of
walknarecamera [ sequence where MST _AC gives less error
than MS [4] and MS_ICA [6]. Fig. 7 shows distance error of
waltknarecamera II sequence where MST_AC gives less error
than MS [4] and MS_ICA [6].

7

i

T MS{]

Yigure 5. Example of tracking result sequence watknearcamera I (First columa) frame index 2663, 2719 and 2779, walknearcamera IT {Second column)
frame index 2689, 2749, and 2767,

——MS_ICA

80 | _mpasT AC

—a— MS

Dictance Error (Picek)

2719
Frame Index

2735 2759

Figure 6. Distance etvor of walknearcamera I sequence.
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Frame index
Figure 7, Distance emor of walknearcamera Il sequence.
TABLE II. AVERAGE TRACKING ERRORS TABLE IH. AVERAGE TIME
B 3 H ST._ o
Seqs i {Proposed ¢
Walknearcamera [ 1396 29.30 29.32 Walknearcamera [ 0.041 0.042 0.463
Yalknearcamera It 14.05 26.17 24.61 Walknearcameia IT 0.033 0.032 0.359
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