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Abstract; In order to solve the problem of current moving object tracking algorithm which can not apply in
some non-ideal conditions such as low contrast, low signal to noise ratio, target rotation and scaling, this pa-
per presents a method based on multi-feature fusion in the complex background by improving the meanshift al-
gorithm to realize the complex gray image tracking. The algorithm needs to not only meet the conditions re-
quired for engineering practice but also satisfy precise in object tracking stabilization. Firstly, using the algo-
rithm we calculate gradient characteristics in gray image, the gradient characteristics including gradient fea-
tures in X, Y two directions. Secondly, the algorithm integrates the two directions gradient and gray features to

get new fusion features. The new fusion features provide more distinguishable measurements than the tradition-
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al ones, and they have high adaptability and stability in some conditions such as low contrast, large flexible

changes of targets by using the kernel density function. Thirdly, the foreground objects results can be extracted

by background modeling object detection algorithm, which takes moving target feature information as a weight

value. Finally, the fusion features object is tracked by improved meanshift algorithm in this paper. A series of

experiments results show that the multi-feature fusion moving object tracking method can stably track low con-

trast target in complex gray image. The algorithm can adapt to the complex changes of object and background.

And it also has strong robustness to meet the actual needs of the engineering practice.

Key words: target tracking;edge detection;sobel operator ; MeanShift

1 7]

A0

FRIT, 5 2% 75 55t 0 18 PG00 a4 e — A 4
R LM S R e e ZE S , 1 ) 9
WO T, AN A TE SR A AR AR FL
WS eh o 4 B AR BB , R AR 22 0
TEWFSE Y PR PE IR A, 2003 4F, Comaniciu®
¥ MeanShift B8 : 1T HARBRER 321, ik H
Rl J2 0 A BR B 7 3 , MeanShift ™ 5 1 BE R A 2% 11
X R G, 15 5 B — R BE R TR IR R
HAF e G R 2 RIE R 235 5, 9F B
B b L IR ASS f RN 4 P R 1 v
FEA TG I B T 3 e e R A K 1%
WU AN Y BT LA LB R T B IR Sk
1Y MeanShift B 00 2 A3 1 K ¥ E% . RE
25X HE BICHE 7 ¥, 1 4N B ] A Kalman Y3
AR IE B A bR BT T R, 4R 5 A
FH MeanShift 2% T 958 FEHEA TUC AT , 3R 1552
S AFRBRE %07 VRS X R B 1 S
AT, 4 BB AR . SCk | R X T
BOHAT oI, TR/ PR 2%, Scik ™™ Hhxt Mean-
Shift 51 A28 (8] {7 KL, 458020 % H k T kAR 7]
PR TR 4 R [ BT, (S B A S TR
VI 15, oF K 5 PR32 o Atk A

ASCHE T MeanShit B3k AR, & %) K B &
15, H 0 R AE i 538 8 F bR BRER B ik . 1 S X
143447 Sobel T I RUE L SRIG G XY
XU 1] R SCBRARAE o 8K 5 T4 4 R 135 A5 4
L ST R 3 5 BB R AE | AR OO A
FEREL R X R TR0 L € TR 4 Bt/ P 1D

FEAE B, S EUFEA R IRERATR RSO, 51K
BSOS R IR AR A RHR SR BRI B
H Ao BTRFIEAE A B E R BT XA FEBE, H AR
ARSI R B0 A 5 o 0 o A AR 2 1
FHXF MeanShift AACEHEA T BH AL BE , £ 5
TSRO0, MRS AR IR T ), 1017 5 5L
I R 9 R R /MBS B LA AT A, PRk
FLRERS FA — & R HORT 15 2 Rl S ISURAALE
FIHIEGHE MeanShift 530K iz g Hbs L B A
SCRRE I TS TR R ER FARFF AR 1A 58 AU
BRTF B RRAE , 110 R 5 T R ALE L, X E B R
TCHEA AT PN , 3 A8 AR R A TR
BEXIHRE R A5 B A AR BRERASCR , I HLX R
JEAARRIZ AT 5T A A T BRER

2 AAFEEA S

2.1 EZHEIRREE

iz Bl B ARSI 2 A R % ) R 4R R L A, AR
SN T IR SR R T W S S41E A is sh B
PREEICHT 1%, 2 5 AR T 5 i e A, AR A
B PEAAE T AT LA SR M A S5t R 3 N 52 i
P, A% O SEVREUR: 18 51 108 JBCER — i R ARy 8 5%
T, 805 ) 24 iR L, S BT 8 o BB
I,:

[h :Ic"'a[lc(xJ)_]h(x,Y)J ) (1)
T, o WHEGER, — R T R AR G 2 0 A S5
RORBGE —A> o {8, I 4% IR Bk =0T B3,
Hifsr HARSRF T 24 A7 5 A0 7 S G A 2 7, 4
Bt iz sl Hw , B S R,



322 o E A

9%

2.2 BERGEERERE
AR il Sobel ! 4 1 42 B 15 1) S0 B 4
fiE o Sobel 57 F /& BIHL— W 220050 F ARIEAR R A5
BRI L INAL | B — A 4R 5 B BUAE S
s =R G Ry R ISR A RT O SR SR L (S E
AT AR AR ARG i A B 5 . A
43 x 3 A, 4] 5 R AR Tl B, 0] 4 45
B ] Je G\ 1) 52 B 22 A i M, A F
-1 0 +17
-2 0 +2|x4
-1 0 +1d

P, =

-1 2 + 17
Py—{o 0 0 [*A, (2)
+1 +2 +1-
A Dy Rt R, P P o B EROKF X
LGk Y i —Birdb IR, « FRonERisi. K
B ERIAR Y Sobel 587X} B #4745 iz
R (2) B PP EATRES, BVER
BEARR A LS TS T 1) B RR 1R B
[P.(i,)) P, (i) | IZARAE B R S HTR R RS
PURRIE o AR R sl SRR 2 18 1 SO B g
AT S UG o AR R 205 L, O Je 2l
ERARHETE 2 1A RURHIE S B

3 MeanShift 7 % B4~
MeanShift 4 f# i1 4 8 FE £+ 7 1 FiL K 61
SRS 7 ) B (i B
i = cgm,,ma[b(xn “ul, (3

Kb, C oMb AL i, —BOH T —1k, X, U
PGAE T AL AR AEE, H g B ES 1) B, K (X,

SRR, L (K () de < 0 o 8 Hykill B, HIW

8[b(Xi) -ul =

{1 it b(X,) =u @)

0 if b(X) #u

AP, 0(X) AR X AR RHAE(E, w fCRRFHAE(E
B AU 4 B2 pR AT s 1) A R DR

FHIE B 5 18 g, TER B U S AN GETTHHE
AEAE S B BEAR 25 B2, iy HLXPRRAE B g, A
2 ME R EABB SR

— % MeanShift 3% ff Epanechnikov % pR%X :

KCI A2 = G =220, ()

K, COAIE—ESH H g BRCHEES i) 4
L k() TFEON g(x) Bl g(w) = - K
(%), ;5

VKO ) = VRS =

X =X x = x;
25 el 1) (6)

X (3) BEATR T, 7 B R 5 B A T B

JE
Vi, = VO3 KX, H8[b(X,) - ul , (7)
B (6) A (T) H L, 15
M(x) = Vg, =
2C < X=X oy
?;(x—xi)g( =1 ) =
2C « X =X
h—z;g( =1 ) x
> g )
i=’1L x_hx .l (8)
;g( [ 1%
FE M (x) 2k MeanShift fi # 7] & , BPFRRAE B
J7 B A BE RN B T T
x<—x +M(x) , (9)

T E(9) 1 R A kAR, 2 R DR EC AR A
RS 1) DE FC R B 3k B — 5 A S, 457 1R kAR
TEFE RISR A5 BB ) i B o AR SCA T
Bhattacharyya ZECR AR BE , 2 ¢, HTFIERC
BH A AR B 7 B, p, A 5 DG O ASE AR P A
FAAE BT, Bhattacharyya 2280 p(Y) 4 -

p(Y) = p[0,.P(V)] = iwéﬁm , (10)

A, m R EIT KRG 25 p (V) 153 —E
(EIS A5 1R AT, BEIA T oo W SSCT R PR Ak 2 B
BRORAE, 58 MOS0 B, B o B9 0L B, BI N



434

T, 35 SRR SR BE RS T I 2R IE R 5z 3l H AR ERER 323

MeanShift F B AREAR AL 7 E .

Qi 1 7R , MeanShift 559 (1) % R AR IS S50
TR, B A A SRy R AR R 25 B Fe KA, B AN
H A SR S5 AH ALY 1 Ty o

K1 MeanShift 32E/C I SGT F4
Fig.1 Iterative convergence process of MeanShift algo-

rithm

4 ZapiERRG B ARSRIZ K

b A S HE S ) LUE Y, A0 e] 28 BBORFAE (E
H7 U HARERER R DG (BT K B, Bk
TRAE L, HREE SO R G BRI 1/3,
SH T SR LAl 8 ) T B ARLAE SRR AIE , 7E SR A5 5%
T, MeanShift LR 75 5) 22k HAw, ToiE A H AR
PEAT AL, R R B R (T B B2 2 T 5
Hr JeiER HAR . PRI, AR SC8 H AT IR
XY J7 ) B A S R AE R B A R A T R, T
IR FHIE BT L SR B AR TR BRI
4.1 4FEREIE T

BIXI AR VT BCASI A 1R A T R AE AR, R AIE A
TGy R PAASER 53, R BEARFAE , 85 BERFE o X Fp LT
BMR IR 1, (x,y) , FIHT Sobel 557, K45 H X J5
] () SCAFAE P I Y J5 o] U SCRRRAE P, B TE]
B0y (o, y) PEAMER S 3 DRE, 1, (x,y) =
[P, P Lt R LR AR
4.2 JIUHFEFRER

AR SCRE A T S5 7 v, $ I 32 S 5
H BRI 53R R AR AR O H T SRR AR,
Ul SRR H - A i THE R B

pMask = 8[b(X,) —u] , (11)

pMask FyIIBCEFAEEI (5, Ho o AL B &, 15T
BEPE 1y (o, ) MR R AL (v, y) I8 T RIS EHR

I, Gt 5 A R A B, 2 () JB T SRR
I, AN TAZ R BT, o AR PR A4 B e 8
R R AR /R BELEL, PRUE A —E
BEHLE R E SO A (1) AAAK(3) 15

q, = C> K(X,,H)pMask . (12)
i=1

4.3 L4 {IFE4ES MeanShift
AR EBIR R A 2, i 3 DRE]
B, BB Z,, = AP, P, L X Z, AT E T
Klgiit, 7w Bbs i TIEAS 6 HR i 55 4h
SR ZE AR T30 H bR VT ELEEREAIR, A SCRRFAIE 19
HEAT ROBE AR 4, A 4 RUBE Ry AL v, BDVHURRAE
il 5 H R IE(E
X, = AP, +uP, +vL , (13)

oA o AR R BE R P, B A =2°/32,
w=22/32,v=1/32,
¥ (13) 7 AZ(8) 1, 1% MeanShift F#1E(E

[f]

2C < X —X;
M(x) = s > e o %) x
i=1

> w1 ]
= . el ()
Sl =D

PR EAT i, AR 8] xex + M () , Y
i« B HAR AL E

N T U SRR R S AT R R
(R BE R L R LB , A SCRT HE R FH 22 5 Ak il

0 <
—20T2 10 X

K2  Epanechnikov #% p& %5l i
Fig.2 Epanechnikov kernel surface



324 o E A

9%

B % oR ESC T R BEL K R AR A A% R R T, e rp
Epanechnikov 4% R % 1 B a0 A 2 Frs .
FrIATAR R ANl 3 R o

K3 friliite g

Fig.3 Image of template to be measured

R R IR P 15 (e BB IE D 1] 6 s
216 W) 41 JEE RS AR A 22 AL il 5 SR 3 AR
JEE R, 7 A B 4 B o BOHE R ot vl P A T 4
B7R

Bl 4 R BERAE P A% 5 BE R A i T
Fig.4 Gray image kernel surface

- \_ - 0
—26—20" 10

K5 ZHFERLG IR B B Ak i i

Fig.5 Multi-feature fusion kernel surface

K3 iR REs Hbs &k @OAE, ol IR Y 7E1%
IRPEENG %55 7 K BERAE 5 o R A 2% 1
TEARAFHRL , n 53 B2 ) PO JSE A 2R AT G
JE AR P 4, 75 SEMIET 5t MR AR 3 E 1 ST L
A e A2 (B P, DGk H RRRAE , 76 BR R A
FARE S ZR AR, K S 2R a m g8t
B RE, nT LA A E s A 8 B, 0 X 0
JBEWAE = A T U AE, A 0 R S HAREAT T IX
1, N REAE X H bR A T Ae e 1 B ER o

Lk L a3 R XY 5 1] B
ALK BEAFAE A Rl 45, SEIACRAE B7 B g
FUbR S SN 55 B0 SO i e, 77 5t A2 ok
E RN A E AR ERAICR o

5 S5 5

TEAR SCRE b it 50 5 1 s B O
& A, Sl sE el B N T e, S8l 4 A 3
BRERIZ Bl H bR ERER , AL R/ 320 x 240,
U WG PR A A i SRAS UL o

AR IR HAT S I , 455 2 R R R
Plane A e, 2 2% R, N RIZ )
FUAR , PRI 20 1 401 £ RE 6 36 Tk 5k 1 X
Bt B PEAE AR A LR I B A A
WY, BRI LR EAHEN R,
BN T LA s, S B TR RE ) AN
W FHAEST o DRIAR SR 50 A E LA PR LS4
HREAT I, I H AR BUERXT FE R, HAR R PR R
T 2 i = MG DA H X EE SE g0 - 45 AR
VAR

Pl 6 Hhi R A fol 0 PRI A , 4t 7
B EERS H s BRI A3 S, A SO
555 JK B R AE MeanShift B2 i 0 H AR 18]

TEPE 6 A A3 B 22 A n] DL HE AR ST
WSS RS AL T SR H b K A BN B i 25 F
L RERS RS E B BRER H AR, 11548 MeanShift 535
TER IR FARNET A Z R AR BA

O S AR A A SR el R R T AR S
PRATE, 7555 ] 52 by S I



53] T, 35 SRR SR BE RS T I 2R IE R 5z 3l H AR ERER 325

(a) 2131 (b) 2151 (c) 2161
(a) 213 frame (b) 215 frame (c) 216 frame

BB

(d) 2131 (e) 2151 (f) 21615
(d) 213 frame (e) 215 frame (f) 216 frame

K6 (i AP SR A SCIR BRI AR G5 15 00 L pr

Fig.6 Comparison analysis between our algorithms and traditional one in Microsoft video set
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Fig.7 Comparison analysis between our algorithms and traditional one in self-made video set
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