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A Mean Shift Tracker with the Ability to Track Object with Changing Appearance

ZUO JunrYi ZHAO Chun-Hui LIANG Yan PAN Quan ZHANG Hong-Cai
(College of Automation, Northwestern Polytechnical University, Xi’an 710072)

Abstract Changes in the viewpoint often cause appearance change of object, In this case, mean shift tracker, which is
based on single color histogram model, often lost the target. In this paper, we research the CamShift tracker in detail
and then proposed to build multiple color-distribution-model for the target accordng to prior knowledge of the object’s
appearance. After tracking in each frame, a model selecting step is carried out to find the best model from the convex
group of the reference models for tracking in next frame according to the current object appearances and background ap-
pearance in its neighborhood. Experimental results show our tracker can deal with appearance change of object in an el-

egant manner with low computational cost.

Keywords Target tracking, CamShift, Multiple reference model

1 5|8

HFEAREZEWE AL FEE BB HLL
REESGENANEE, s 2 HMREB AT N
HEOLR RSN~ MRRAE . M RERMAE R
IR ARSI TS MEE L. HPHEEBER Y-
IR RNK 2D BB — P RERE. XRHERITER
ANt BARZETE RS AR AL R RS E DR » B AR H AR
ZBEROBBUMZHHR. HEHEE CamShift™
(Continuously Adaptive Mean Shift) & g @ of %22 X IHHE
B EANBEEN RO HRME. OB . CamShift
B INTEL A B fE N —FMin e BT i#E T OpenCv MR EUE.
BéiJg » Comaniciu D I BE B A A 77 B E 2 B AR #OR R,
W m/Me B AR R F 2 B AR 2 [F] ) Bhattacharyya
A mABR T —MREEE., JEERBCAYIEERE, 8FER
BEFEBBRER RN — A

DHMBEESE RS RLTE - e mEEN, 7E

" MR B WAL S | A S0 AR AL IR B X R B B R R
Bk, Bl MR EBEREN EEER
REAAEMEREEOmF B RC" . iERAY
RINLH R LT M5 IF B bR B DL 4R J A R il DL BE 77, R T
XA IE S LB B AL B AR R R R
SRERBNER. BEBESNEEGERNA PCA %

KRBT A FRER R 7E B AR T 8E B KRR R A
ETERBIEMEGR, MSEEBREEML, T2 R
HERRBEREME, BB AT RERRFS.

% 53| CamShift B 3% 7€ HHR#E/R L HARYE MeanShift™
HEERE AW ETHTEAMNAS, AR BRI
ERTIAZERME A, 8. CamShift BILF N T L
AR B AR AR B EER, SR — A B AR RS B X B
R R UL R i 3 2 F — WUER BR e R B M B AR AL
MTEE & SERMPREFMNAT B 5
R, MR R B .

2 CamShift iz REBE*

CamShift BRERH MR BB NE 1. REERL, %
PIRGALERBR A BN ARG 108 ¥ 1 B R R AR B F TR 1
FRKTH. BEHBREHR R, 5. BELABREUTHSR

#47.

D& BRI B 010 25 B

4= {g( )iy Sqw)=1 W
Soeh b WA AR E

W =%(1,§6  ALef ey —u] @

X f(z,9): RP—>R HEGERc( ) :R—=>{1,2,,0} N

) EFRHARF RS E ST E (60634030) HR HAFF 4 (60372085 % i, R LT 54 Bym. BRS05ELH; RBR

PR, LB A DR GUE B AL, IR AT S0 EL R B

Bl B R £ BB, WS S E | HE.8L

ST BIRH B REEAE, £ BRREES RN kA BB LRSI B AR RS ER RN, £ B RE,

BReERLHE,
+ 244 -


http://www.cqvip.com

Bife =3 (A1 B AL A% 6C » ) J& Kronecker %G N A R, IR
EMEGCEERREE TR ¢ 141k,

2) BB X B (ROD

PAREE B O b, BE— N IR E R KX
AR R B4 #5 X 3, (Region of Interesting) , 3 K /iy HARTE
BEHR b i i KR 3 BR B P e .

DFHEF AR BT BRI

AR E RFEE ROl W7, & RO BB RECH
F () EE F (o, ) WEIE AT g FIBEAFE K T X F A%
X AR SRAE B R R R (s ) ERER B P 2 18 B

b v
I(.r,y):;lq(u)(?[(‘(f (zsy))—u] (3)
IR 5 B A
prennd]
T wEA A

BHEBRLR
R & H T B

B 1 CamShift g E LR
O R B RS T

HAE
My=221(x,3) 4
HHE—HrE

Mio=3 2z, ) (5
My =22yI(x,y €))

Ty

PR B oL

x.=M, /Moo 7
ye =My /M (8)

EHHERE LB R B A R RS RO R
BRI (o s v )8 ] VR BRER 97 119 B0

5) F i & T I M SR AT

BEREEEEOHR @) v —x | <e Hll ye =y 1 <
& NS, IR ERER BB OB 2 UL, il S r<x y <y,
W BAIBOALE () R AT s B <
e y<y FHRH I L.  RAERME.

SERE ) CamShift 33530 @53 A B0 K i — B s R 4K
BRI R RNEE A R T BRI A2 SOK 32088 J1 3 £E X
HARSMIAEALHE S L FERR ST U5 IR X A AR TE O B 2
BEREAL.

3 L{ER CamShift BEH R

FER] CamShift 5% BRERSM U (L B ARet & B A 47,
HERFR RSB OERK AT BARShWARIE 59 280,
R BEXT SN RAFAE SR R A 2R B . el SRS R A e
DATEAR S X — ke 7 — o] BE T IR R R b A
SHEITA,

TG BE 2 B ZHR CamShift EEFE. Hrh
AT, MR m RARYE HAT AP SC B RURE S m
SR, BOTERS R AV L SR ER S 4 X

.0 00 http://www.cquip.com|

ATER B SR B AR — R B A m MR R 4 R
BHEMBEREE T BRI S EERE, — N H
PRI 2R 2T B AR 6] A A B A ) et 525 s A
Bl SR R R 22 ST DR B 7EAE T oh A O AR
AT HRBOHTE AR X EAE R XEME i . 4 E00R
FRSTEE . BRI O 80 E Ja » SREX E AR DX St 7 A 1R 1] R (R
REVRREAZ)  TH F X E A RRTS% 8]k,
F % CamShift JREEHIA K ROI M8 E KL ML 2 1ith
NRMELME, BT Y EANASRYUA SR,

@%mmﬁﬂ

y i'$-9:0
PRl

4 A4 B A&

@:‘; L] e B e
: Ol jihs K 35| X 3%,
A\ \ T 1&
WMERBEZER
A b3 T — B

v

B 2 L#ERE CamShift REFE BHEE

4 BERECABEEE

EATHIBRER T R, B0 I (R LA AT 4 0 TR U OR
BUs AR B HMER RSO 1845 R 18 i F5 4% o
BOR AR BB R R S5 AL H B0 M IRAL IR RBE . Bt m A~ B AR
BRGAIN g s G HH g =[girsq2 5 g 17 1€
[y om R T HARK b EBE I E . BXHER
FIEFE QE R R FR B Q=[q1q2+ 190 o KT RIER
PRRRIA B — N, R B H AR AR R B 3% m M
RIS, B

G =1 i Tar @2+ Fanqm = Qu 9)
ﬁq:lv ﬁ’j% a:[m ' Q2 9"'90’ij %%ﬁgﬂégﬁvﬁﬂ:
@ 20,i=1,2,,m A a=1, (10)

FH p CR, p, CRVUR R F 6 Z H Ar K AT 7 XM
MIBREE 535 s W] Gop F1 po LARK po Z TEIBR GBS 5 K
dib =1 po—qu I § an
di=1l ps—qu I § (12)
Bt BARBERY 7 (o5 R AT REH /N, RIS &5 R AT aE K.
DR — A 22 AR MR (0 &, FHAR PR ARk 4540
B ARALR e R, BP BB AR AN FE AR R B

d=nd:—Ard% (13)
AlA: HIEEMNERLHR .
A=0,A2220,2.+4, =1 (14)

A AN RBETHA BMRBWEERE. BO)AD
A2MRA L), FHH BAR R EETE o« WIRRE B
A2 (@)= —A:)a"QTQe—2CA1 o —As ) TQu+ A pl p —
Aepip (15)
B35 o LRI, BRTH & () TR, BRI K
o 245 -


http://www.cqvip.com

a=mind? (a) (16)
e,

& (@D=0 2" Q" Qa— 21 p, — A2 ) TQu Qan
a MARZEHR QOB E. XEN

Fd(a) __ T
Ya0a’ =2 —20Q'Q (18)

— A, BRI B AR AR DR ORI R R
BREEE %, 00> H QK m Ml BRI,
W Q' Q R m X m IEE R BRI AR RIRALLH A (A1 RE SE B
TR EE . AR FE AR A RS AR HER L L
PIRER AP RUEE T RO L AT AT 7 1) R 45 4 T LA ELEE A A
Kty o J5 B (OAHHE KRR,

5 XRELR
A7 P V1. 8GHZ 256M WM LK T E L&mH T

#56 481

#56 #81

#56 #81

FEFl L B R MR e Es, REA E
R IER , R AR, R A, B 4 R R T &
CamShift BB R, 8 56 WAL T ERRE, B
BN E B AR 58 119 WA ER S, LB T H LR
203, B AR ER, IMESE 200 M AMKE ER, BETAR
BEMARRTIRE . B 4(b) R AR BB B RES R,
R @R 0. 05, ATIE S, fdE A S B R
b, BE R R RS A BT R, (0 4 RS TRISE 180 M
A, BT B ARi3 3h ZAR 0, FASHS 0 A9 4 BRI S
BREEAZRER, HRASRERER, AL EEY
BREHE LR, SR EZRRERD —DE1E SRR 58
FLEREE (FEFIE 1300 MD) o XK T 5 B AR SRR At
HASERR A SRR R S S8 MKMW ¥ I SHR Tk X
FHEAERREENTE, B 40 RERHE CamShift &
LHBEER. ARSI, BN M ERANHE
TR BRI AT HRE, & REFHE. ZITFFIRT 400 BiK
BARBIRIA & RECRIHEWE 5 s

LR AT IE PR MR A B AT
PATETEI S BIN 6. 0.18. 2 R, MBI A FTHE R M HH T

. 246 -

(@) 7 amshift EHWBREER

(b) %AD& 3E [ Camshift 30 BB 24 R

£ 000 http://www.cqvip.com|

Cr AR, 4 3 — B L S AT R L B, 38
SR ERPNIRERRHITHE. AT HERR, KRB
BRI 2 A A A Matlab R EERBEE B, BRREE
SR B B AR R E RGB Bi o=l MY, A RGB
Bl S g /R 16 X16 X 16 MRS, HMEAHCR 3, /S
F IO 433 8E 3G (B (O MEANEGERTEET);
ADHAHH A, =0.7,

®» ©

B3 MATHEEREREN=IERR

#119 ' #200

#119 #200

#119 #200
(©ZHA M 4 K Camshift F 3% 0y RIFLER

&4 LA CamShift REA R LIREE

BREK, HA R TE ] L A R A K T IR, B 0
11,18, 2 ZRP/BTCH 24 T 55 Wi/F0) A9 AL TR 28 1 55 £ REAE T
RELRRENEFEE. TRFRIVEFRSFA T BAERH S
REEA S S (ES5) ., HERMZURRE—
TS, R P U 51 R SK I A AR E I B2 B R &
HRKHAE L. DI, B R R el B B R 4 BT — Wi
BARAR T R B BT A, SRR TT LA AR E
fRitas.
—— BEINRN o BERY  ——SEIRN

:
*

1 51 101 151 201 251 301 351 401

5 BIERRNESRE

ZwERE AKLEREEMELYE CamShift B AH
(F4#% 253 7D


http://www.cqvip.com

B 6 MW suzie M AZKENETE X HL B

Wi P MEN 128, Bl - MRRA 0 HEH 64 4
BFHTE, KA —MRENM 1 HEFR 64 MEFHFE.
B, R ZHETEA DREBEA T KEIMIMAE R SHE
A, Fn O S EREBHBENAREREAENITEE.
HABEAe b amKE Ly 16, HE 0. 4 MEIEE do
HEE D,

30

' ~—&— Container - Qurs
15 ’ === Hall Monitor - Ours

i =B Mother & Daughter - Qurs
7‘:' == News - Ours

| =8 Suzie - Ours

| ~@= Container - ICA-Trellis

i e Hall Monitor - ICA-Trellis :
' P~ Mother & Danghter - ICA-Trellis | :
"}t News - JCA-Trellis oo
Sure - ICATrellls ‘

B 7 5K MPEGTI 455 &4 s

5 ICA-Trellis 755 HL 5 Bif A 314~ 00 550 8 38 Wi 3 7 A [}
HIEZE R B R M RE , R ILFERSE LR 20 = 1, JREPAE
X B RS 3R 3K B 758kbps ISR, IATHY A IR BOE A IR
LA 0. 2%, Tl ICA-Trellis F R BB BBRAEET
2N ~AV IR, X B E T EERAIRIS %R 3%, 4
HTFEHTREA 5 EZEBMBURNIEIR. MHESFLLE
KB 30 ¢ 1, JRBIAENS AL A A 3K B 505kbps f A, R AT 3R
I FEEHNER LT 2HMBARERFEBEESR, M
2 T ICA-Trellis ¥ RBIE N IR R H KB T 6% ~

£ 000 http://www.cqvip.com|

17%MBE, X EW%RE TR FHRENIRER Y 12. 2%, A
MTFEHA 6 (T2 ZHBREMNER. BE, YEHLER
F] 40 = 1,7REPAHRT RO FSFRIA B 379kbps HY BT, R FIFAT]
5T 72 A FO R DL IR IS R IR 2%0~9. 8%, MifAtLZ T
f9 ICA-Trellis 77 AR ARG H KB T 19% ~37%H
R, XERE TR BEARIEE Y 27. 8%, FHt A 4
52 B HBAE NI R .

it AXBHBT-NSHEXRBHETOKEFTR, —
AEFIT 44 G759 HRIBRIEE B gk AR EGP. K
B AZ SR 55 2 %18 4 42dB PSNR iR &5,
HEaE 3t MPEG-TT F 45 H 232 B AR 3R, A R LR AT 5 8k
FrB &N BB TR EE MUK MAR L
i ICA-Trellis R, PEELHHFE R 20:1.30:1 ;z 40:1
RIBHE, FA1EE 5 B 5 ICA-Trellis A8 b, A3 11 X 52 19
15 5.6 f5 & 4 fE M aB iR 4k, XX FRFKEBEARNE RS
SEEREWMAEEMNNFIME.

& £ X W

1 Toyota Y, Mizuki T, Sone H. A study on security assessment of
digital watermarking[J]. In: Record of Electrical and Communi-
cation Engineering, 2006, 547~548

2 Porter ], Rajan P. Image adaptive watermarking techniques using
models of the hurnan visual system[J7]. In; IEEE Proceedings of the
38th Southeastern Symposium on System Theory, 2005, 354~ 357

3  Mayer J, Silva R. Efficient informed embedding of multi-bit wa-
termark[ J]. In; IEEE International Conference on Acoustics,
Speech, and Signal Processing, 2004, 389~392

4  Silva R, Mayer J. Informed embedding for multibit watermarking
[A]. In: Proceedings 16th Brazilian Symposium on Computer
Graphics and Image Processing[ C]. Sao Carlos, Brazil. IEEE
Comput. Soc,2003: 214~21

5 Gwenael D, Ingemar J, Miller L. An efficient algorithm for in-
formed embedding of dirty-paper trellis codes for watermarking
[J]. In: IEEE International Conference on Image Processing,
2005, 697~700 ]

6 Hussein J, Franck D. An ICA Based Algorithm for Video Water-
marking[ J . In. IEEE International Conference on Acoustics,
Speech and Signal Processing ,2005. 805~808

7 Mayer ], Bermudez J. Multi-bit informed embedding watermark-
ing with constant robustness{ A]. In; International Conference on
Image Processing[ C]. Piscataway, NJ, USA, IEEE, 2005. 669~
72

8 Yamashita T, Sato A, Yamashita K. Digital watermarking using
DCT fractal coding without original image information[ J]. Elec-
trical Engineering, 2006. 48~55

(ERF 246 T

&6, RIMIL I T BAREERR S YATIRER PR A SIS
FEMR T CamShift BRERE v A BEIE R H A #h WAL fb 1Y 15 A ik
R, UEB T R SR RAR R SRR S R H AR BR B (R AR R AT AT Y
R, A SAUE IR T BARMBCE B2 S B IETE M E R SR 50
FERBERE I 7350 BRI S TR TERIM LR
A, X TE—E R L TR HARAHBIRE S , 58
TFIABRAZ JEREEERERFEENTTIHRE S X
HRRS BRSSP RNNE.

8 % x

1 Bradski G, Clara S, Computer vision face tracking ror use in a
perceptual user interface[ J]. International Technology Journal,
1998, 2:1~15 N

2 Comaniciu D, Ramesh V, Meer P. Kernel-based object tracking
[J]. IEEE Transactions on Pattern Analysis and Machine Intelli-

gence, 2003, 25 (5); 564~577

3 Stern H, Efros B. Adaptive color space switching for tracking
under varying illumination[ J]. Image and Vision Computing,
2005, 23(3):353~364

4 Peng NS, Yang J, Liu Z. Mean shift blob tracking with kernel
histogram filtering and hypothesis testing[]J]. Pattern Recogni-
tion Letters, 2005, 26(5); 605~614

5 Nguyen HT, Ji Q, Arnold W M. Spatio-temporal context for ro-
bust multitarget tracking[J]. IEEE Transactions on Pattern A-
nalysis and Machine Intelligence, 2007, 29(1):52~64

6 Black M ], Jepson A D. Eigen Tracking: Robust matching and
tracking of articulated objects using a view-based representation
[J]. International Journal of Computer vision, 1998, 26(1): 63
~84

7 HoJ, Lee KC, Yang M H, et al. Vsiual tracking using learned
linear subspace[ C]. In: Proceedings of IEEE Conference on Com-
puter Vision and Pattern Recognition, 2004

8 Collins R, Liu Y X. Online Selection of Discriminative Tracking
Features[ ] ]. IEEE Transactions on Pattern Analysis and Ma-
chine Intelligence, 2005, 27(10):1631~1643

+ 253


http://www.cqvip.com

