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Object tracking algorithm based on static-adaptive appearance model correction
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Abstract: For long-term robust tracking to single target, a coPrecied tracking algorithm based on static-adaptive
appearance model was proposed. Firstly, the interference factors thatumay be encountered in the tracking process were divided
into two categories from environment and target itself, then a stai¢-appearance model and an adaptive appearance model were
proposed respectively. The static appearance model was\used f6t global matching while the adaptive appearance model was
employed for local tracking, and the former correctéd tracking drift of the latter. A single-link hierarchical clustering algorithm
was used to remove the noise introduced by tle) ftision of the above two models. To capture the re-occurring target, static
appearance model was applied for global search. Experimental results on standard video sequences show that the accuracy of
tracking the target center is 0.9, and the computer can process 26 frames per second. The proposed tracking algorithm
framework can achieve long-term stable tracking with good robustness and real-time performance.
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Fig. 1 Schematic diagram of the proposed tracking framework

FEERERS T, 1T A& RS LR 7 — ot v A0 22 3
I, R e B #H 1 R AE B A SN AR v AT 75
AR , T AR AS S LR B BE BR B R AT ST, X I RS
USR] LATE & — WX B & RS0 WL AL i B i 45 R A T 4
o

2 ETHA-HENIAERNREE

2.1 BSIPRERAET

%3 BAr32 2 RTGERRY , 2 R e R I LB A, A
SCR AR EAZEFRERAE N SN IR e A . SOk
(6] rf & 8 B 9 J5) &8 R RS 28 F 4iE 28 # ( Scale Invariant
Feature Transform, SIFT ), PCA-SIFT ( Principle Component
Analysis-SIFT) #1 SURF ( Speed-up Robust Feature) i 47 1" Xf
LE, £ i IRV S A BE A SE PR, , A 3% 4% SURT AR S LS
BRI RRE R R 5 =, SR MK [RBE B/ SURF H#1iE 53 Y IR 55
HHEFE

A HMILR L R T 01 R i B ARAMILEEST 1Y, 0T 46
TP R 1) B bR DX ISR B0 T AT S A ) BT Y A R 4
B H ] € Py, Py = iy, 0 )RR S
B AEMRER A R, AR ST ST LR W P 1 B — A SRR A« 4B
e 4R W b AT A SR R DL 33k 5 T S A % O 48 R
6 (x; € PP, = {uy 3,00, 1) a0 WIEERSCHE AL
B, Y ERERE S A, RS2 R R Y AMRE, S
W4T HARFFE VS BC M3 FRAE A B TR RR TS M Ui
5] T P LR AT R AR S, B TR 5 2 5
LR P BARRSR R, A SCESTRILR I H AR B — R4
FEX =R, BERI TR BARi A, an=
(1) P

m; = (a},%)) (1)

d(x] %)
d(} ,x;)

x SRR WIS ) AT IR /N T B 0,
BFFESS ¢ T HR ) 5 ) PR B 8 M S L A O At o A4 B 8 BT
(ys1), X oy ghaiiE,

A TARSCHIE A 38 N AMIR AT A g — W AR EAT
AT SN R BR S A B 2 T 3385 B AP WL A
ERETEPTHAL RGBT AERNIRE, FEA YRDIY
FRAS I AY vl IS £ 5497 £ T 5% VG 0 (9 8 306 DG B8 A R
o, B EI B SR NCRES

L= {m ,m,, - ,m,} (3)
ERIE KR LA NTT BT S S IR AL B S4B H AR
MR R RR o
2.2 HBEMMEBRIET

EXT3E A BAnAs B T HE R UK &TER A, (ke
RS B AN Bl ER B Y B R, SO TR H S NP WL
#,

BT B R AN A R oo . — R B A E B R
¥, B B 35 AR Y R SE R B, T LA R e iU B AR Ak
WUAB A, BT LAAS SCHE SR 7 o A2 v 1 X 45— It B X B 3 2 A0 W
BEAGHATTE R o i) TR S SN AR B 5 M BT TR A7,
R e FR S SRR ] LATE 5 —WiTX B 38 RSN LA 2 1) BRI 25
R4 TR

2RO BB R AN T By E—irp B AR X BT 56
SR BT ) X B L o 38 IO AP WA B T A — A E 3
Wof Bk R AR A M AHAR P T2 R B R R 28, 3 3ot A T+ A6
- 1 WTRIEE ¢ WUWRREE R, 8 B R AL i o vk, @ r —A
-1 WESE WK BB RARES

S E S RTWTCES D) PRI HAE RN BCRE AT
MG TCRE R n, RAEMIZE ¢ — 1 W55 ¢ WY ICATC
£

n; = {a xit (4)

T RERSX N R RES TR R TR G — , 7ER R F]
B—WiH B &R R R G 6 5 AEOR H S W AR X R, B
B M5 e — 1 W) R BRI RICR Ly, FIY RIS ¢
W) MBI R L A 45F]

d(x?,x}) < @ H

<y;j#k (2)

t-1
i

Ly = {00 (a2 a0 oo (il ) |

{Li‘* =) (a8 ) e () )
T L
I = (a0, (80,5) oo, (4200 | (6)

e R IR RSN C RS A BIENIXT MK REA
I B HPO R R RER ICE L

L' =L'UL (7)
2.3 RS RBE KR

A5 A SN BT B 35 7 /MU B L IR X B G R A I
e MER S — B R KRG A B AR X P, S0FR B, Rk B
T R % () L ) D SR T R 5 T A 2 ) 4 1 B, BB G AR STk
BRBERENEZRTFE B TFEREFORIEM, MBE
£, k- HHERE RS RITR R R GE R BT EIE EH
BBk, BB A VER AL B KB T B, Rk, A5 SR 5
EEERREREERNEZRTR,

HMBERBORM AR ~HENAEENITEFX, &


http://www.joca.cn
http://www.joca.cn

1172 S Ny

%38 %

— M YR ERES PIERTA LR B~ 2R EE
B D, EWHL R T BT BRER B AR RUBEAR (LA BERE 1 BE , A 3C
W D E LA

D(x;,5;) = || (% - Hay) - («f - Hx}) | (8)
Hp o H 2L TSR0 22 Be s B , I T 2R A 24 i ot
FIRIAAWA L H ARTE 2S00 o AN SRAE L TR R A H K
T3, 0 LATH 8 VG B i =2 fa 6 0 5 AR e A B, 28 7 B A
J5 0 RA T v S B R R o D TR A S B 4 B WA A A
A,

B d; TR LR BRAEA v, Fl o, A 2 S BE B, D, R
INEEAR w; F0 % TR C 0 C; B 22 R B, I D, iy
PIRRIE BT A B ERS Bl Dy = min d.

AN R B S5 R L) TR

1) BB NMERIER—K, K C, 7 C, BN RERS
D, = d;,

2) 41 = 0, B #E 18] M BB IR B T LU B — e B 4R R
M(1),

3) FH M) WAEKTALR LA KT R T /oo
EIWAM, K C, A C, EHRI—TFHEIBHNC HC =
{C,,C, 1o

4) HEHE C, SHAMME C, WEMER D, = min| ka s
Dy} STEEBE A M (0) AT K HEE p g T K p g BN EFF
B—FATHHN, XFRIZE C,, FiT B 50 _L 0B i B R
D, =min{D,_ D, } #17HE, BARBIMEREIC I M(s + 1),

5) Frr+ 1RS¢, REEEES) , HBIM(0) WETAILEY
KF T A AR A—RAT 8RR,

ML Zat BIE N — T R R4 R AT e U
Hep R RHE L™ BT,

2.4 BFREBRmNMAEIT

e BAR IR B R o, X — M A PR B 4 SR Sl Ll = A
FIERH
241 BAEOPSLE

ASAFH BB S u RFm Bbsrh O E A1k,
BB HARTERT AT O3 B R o, USRIt B AR h
NN A=RIRIE TN E

X =X tp 9

T HER A B B ARAY DAL, A5 SO IR B H
B L P BT TL it 6 R RIE A S5 AR, B

= Ni—mZM (10)
EHT Num e K L oh 6 R 698, B Nam =
L |5 R AEREE R EBR GRS O B = ! —

HA?
b b B RO R B S R T
= L%e PIRCEE (11)
2.4.2 B AR 69 R E

ASCAHT R B4 7 2R BOR R AL HAR RO R BEZR AL, (7 s
KRN, BMBE oI H6 Wb BAR R KRN Sg, HETHEH AR
B RER/ANG S, .

S, =sx8§, (12)
RSO0 R RBGHEAT A s (13) iR
s =med({S§j/Sg.,i7éj}) (13)

oS, FORAE L vl DU R 36 B AR B 5 S ATt B
FRRUE B Sy = (|« — ) || i o 385 FARTE Lo BT PLRLR
ZAEH B Y RTIE FARREE, B SS = |20 —a) | ,i #;
med FRBUP AL,

& b, BARR AL R BUOT B sk (14) Fis

(B

- df | — i T 14

s me(}”x?_x?”,t;é]H (14)
2.4.3 RBANRZBAECGRE)

A o ReFm , BB E B T B AR RO RERS M
ay = 0, R4 HETWIH BARBIBER A E N -

o =ata=a (15)
AR B AR A RS T R Bk a0 (16) BiAn
a = med({(af - af),i #j}) (16)

Horp o} FRPIHR I ARSE S S AR XA B T AR B
FRAIREFAEFT A, Bl a, = atan2(a] -} ) ,i #j;0; %
7 4TI AR 3 S S AR R B AR 210 H ARSI F K
ST ARE, B o, = atan2(x} — x}) ,i # j;med FARBURHL
.

25 b, X SRR, 7 M BT B AR R BERE A BT N
K (17) Fims:

a = med( | (atan2(x? - xf) - atan2(x; — x;) ) ,i # 1)

(17)

2.5 HERE

ARG R AT T .

e BASEALER (%, y,w,h) RN, 0048 B AR E
PENZRIT R 1) R 1) e, DL B HAR BRI AE A 58 0 o

HArIRER T HE

1) FAHh DA AL, A6 4 1R Wi 28 SR TE A, IRIUER 1
SURF $iE , 4R35 B AR 2K B4 5 B ARRRIE R A A1
R BRRAEE

2) HIENAMALES , 8t 4 F 3 LK( Lucas-Kanade) St
VREHT I G0 (5 ¢ — 1 20 ¢ ) FUJG 10563 (55 ¢ 2 ¢ - 1 D)
23 ¢ T 5 AR BRRE 5, R R P Y R S A PR TR (S
B

/Cho

3) BASHMIRERIST [ 3E 7 2 IR R SR B H AR AR RS 21
TE 38 H 1B MARRIRAS ¢ i B ARRRIE 5P L6 10 B AR RR1E &
PEATUCHD, 5B — 27 B F 4RI, B AR B AR AE A,
FEASME R B, T THME B AR ER B

4) HEEEREAMNELR  ITHNIUBR A H AT 25 1
AP AR E A R A T R S AR R AR B MR R S, X B A
AR T A B AT A R 3, SR IR B B O S e AN
SR

il T—WiEARAE,

3 B

3.1 MAEREE A

AAFERERITE YL ( Windows XP 32 fi#:/E R 5, Intel
Pentium E5400 CPU 2.7 GHz, ]J #£ 2. 00 GB) , fi] Fj Python
2.7. 9B T ETHAS-FE MR E Y BirREE
o FTRIEMGTFIE B SCER (7 ] BT b ey H b BRER AR D 3
R,

SCERL 7 4R HEmMIR SR R a7 Bin i ER i h 4K
ZHTHRRE, S THRERES & LWNER 1 iR, HTAR
MBF T HREFE AT, B A R 5250 5 51 28 BUAR [F] 3 A
P FIHAT R, IER 2 PR


http://www.joca.cn
http://www.joca.cn

%43 IREFE A THAGERSIEA L E B AR & 1173
. . X F—A45 5 1 BE Toe € (0,1) ,HOP = Top A
. ff;?f'z’igx o PR E BB 25 A S B S E
i PR — B2 B BME Top HEA T AT A5 B B T T 2R SR A
ERR 275 HX BRI PR R AR B LA , LR B AR X i, 453
IV Tlumination Variation  E45 XA I i) IRAL I 2 3 A B SR BR R Bk AT M L, B4 o PR ER vE A
SV Scale Yaﬂ'aﬁoﬂ ﬁ*f?’_‘"gﬁ Eﬁﬁmﬂ\b B 5EME Ty BUEXRMAERE T EIREEGFZRCT T, B
gg‘; gc;luswtf} Sgﬁﬁﬁﬁjﬁ 53 B R R A B DR ERE FEE R , Lk T Ay
eformation 7N 3 7 L bR A2 2 AR A S 3 = 4 B
B Mg b o s W5 6 ?Eﬁﬂgﬁ&ﬁﬁ/xfﬁﬁ'iﬂﬁgmﬁﬁ, IR 251 E WA
M Fast Motion B AT sz sh g ore
IPR In-Plane Rotation s £ B GRFm_EAFEies:
OPR Out-of-Plane Rotation B #r7E R /MG fieks
OV OQut-of-View Hir s A e

BC Background Clutters FTE-5 R BARE LA

R2 WAFRAAAFIREESHTRESR
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Fig. 2 Target deformation estimation on the 1st frame
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Fig. 3 Target deformation estimation on the 358th frame
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Fig. 4 Position error curves of test video sequence
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Tab. 3 Integral values of test video sequences ( Tpp € (0,0.5])

WA 51 FHAEFE WA E
Dogl 1000 978.711
Singerl 1000 999. 575

J#31 Dogl BRERZE RS 1.800.,1000 fifE FanmE 7 B
N AERT IR WO R B P B DU AR Y BRER B AR R B R
TR SRR R B AW Bl , H AW ER, . DA BRER 45
ST LUA W A S T L SE AR v B BRI

i

(b) 58001
7 WA Dogl MYIRERSE R
Fig. 7 Tracking results of video sequence Dogl
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Fig. 9 Tracking results of video sequence Coke
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Tab. 4 Processing speeds comparison of different tracking algorithms
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