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Multi-Object Tracking Algorithm Based on Adaptive Mixed Filtering

Liang Min Liu Guixi
(Department of Automation , Xidian University, Xi'an. Shaanxi 710071, China)

Abstract According to the main problems of multi-object video tracking such as objects collision, merging and
splitting, a novel multi-object tracking algorithm based on adaptive mixed filtering is proposed. An adaptive
background mixture Gaussian model is adopted to obtain the foreground image, and a simple shadow elimination
algorithm is also presented, which describes the HSV components with unified weighted forms. and dose not need
judge each component one by one, when it judges the pixels of foreground image. When measured values are
extracted from the foreground image, a merging algorithm is introduced, which merges divided detection rectangles
into one. Then, the detected foreground measured values are associated with the existing objects based on reasoning
methods, and the multiple objects are tracked with adaptive mixed filtering. The algorithm combines the mean shift
algorithim which meets the demand of real-time request with the particle filtering one with high reliability when
objects are blocked. Simulation experiment proves that the algorithm can track multiple objects efficiently, judge
appearance and disappearance of objects accurately, and solve the problems of multi-object blockage., merging and splitting.

Key words multi-object tracking; adaptive mixed filtering; data association; particle filtering; mean shift

18 = HIEL 55 55 1 £ B A (1035 5 30 5 33
ST AT B L T R TG T 2k BT R AT 22, PR (0 153 2 WA H A R 5 5 0 (A
o BARRCE R B A Mk 2 B bR 2 I p e b 4 KB LR 2 FARBREE A9 55 — e U TR SR UK

TS B S ), AR B R L R gﬁﬁ; ST S5 A 00 B8 JBC e R g UL (i R FC 2 AR
BB 0 FL B L 5 L B Reid 05 (B (METT) 157000 (0K
A H R OR S LS B R A A 2 . DR BAS AR IECRET B bR 25 25 FhoeT BB 00 A9 5 50 1

KR BEH: 2009-09-29; WERIMEMF B : 2009-11-17

HEE&TH: B4 (9140A16050109DZ01,9140A16050310DZ01) # % + — HFAF I H (51316060205) Fil H e 25 4%
FEABL AL 55 9% % 300 78 4 (JY10000904017) ¥% B B8,

EEE N B H1984—) Lo AL Ao A, 2N H AR IR ERJE P 5 T A WF5Y . E-mail: liangmin000@163. com

SR A X5 E (1966, J a4 AE T 00, 3N R 2 AL 5 S RS AR B 0 I e PR AL B S5 T T ) F
4%, E-mail;: gxliu@xidian. edu. en G {558 & )



9 1 OB T EEN

ook 2K T H b M4 R F B, Bar
Shalom"™ i B &5 HE 5 B 4% S BE (JPDA) 38 2 15
15 H AR Z [ O 1) i AR (H R i A R bR
H s 1 0 1 0 1 2 48 RO B e o DL AE 52
PrUFER 2. — 222 85U TX JPDA i#17
%Lﬂmmmm%ﬁﬁﬁ%%%wNmmm“
B G MER AU DGR B vA (JIPDAD M 45 (H2
T AR IR EREE . 2 B AR ULIN(E AT e & ,jz
TN REWRPERIHADHZ D ENHHIR, I
i XL B bR A AF A TPDA T A — — X B 56
Fo X HRHATAEROCH S . 2 H bR RS
BERET A ERRIRE ., YWEERE (Mean shift)!!
(BHEER) L R A TR AUR B TR ik, 28
XFiz 8l B bs i B ER B U R R ) 82 U H R
s RAEZ A BARG IR R F Uk ™ (PF) AJ
DA SO ER H AR e 02 H AR A7 78 824 1915 50 A I
ZE T AT Tz R0, BRI A A BUE B RT3
7N JE I A R R A 2 B A R BEHL O
A BRI sEE A 2 i A FAEL M HE S s
ARG ALZZIT A R Z A R R RR K,

A SCHR H LT O TR A IR B A 2 H bR
PR R TR Y IS N TR G e 0 R A
& IBCH AR UL AR L A ] e T 4 Y 22 H AR QIR R 1
FE N7 DR IR R A o R O BB R R Y 41 LR I e &2
HARRAE . &5 ARG BB 25 5 R B
T8 VR A U U R S I X 2 WA H AR A AR B
SIEIRE B AR SCOE i RE A A BRI A T P o LB JR AN
Gy BRI Z U H A

2 HirRERE

B dE oy HARBE Y, SR AT 2 T R A% pR ALY
it 7 B I T SRR G SR R B ORI
DT RGEN BRI, $E A A IS TR
BUR PR B SS G 1 YR B FORL 1 U8 G
125 5[] B 33 P b 5 v 24 ) T H B 19 206 7 IR AE
HATIREE .
2.1 M#HZERHE BRER

T 2 H br R ER 7 2 X 2 A4 H AR 17 B ER b
FI, H A 06 S I R PR R T B e e A R
PR o AT E AT B AR R B g — iR
MR ER HAR A DL x, € R® Sl s KN w X h B4R
e kIR on S BRI TS AR R A EL k(o) ik
JE MR PR B h Dy 4R eI . B4 H AR A Y
R T BN Q= {qu )= Ho oM @ R AN

TRA B R £ H br B % 2555
T
g0 = CO k(|| 22 )alb (e —ul.
i=1
w=1,"",m. @D)

i 18 DX S o AR AR R y € R DU i 3 A5 7Y -
P " NA

pu(y):C/JZk ‘ 5[/)()(‘)—74]
i=1

(2)
AP oCx) RO {1y eeeom ) BB ARy x, WAR R 1)
imﬁ,u%ﬁﬁ@%%l,m & H BB . %R A
54T IR R BRI S L T SRR R H AR
BERVEE ST (5200, B2 s H AR AR AR (k. R Rt
BRI HT 5 RN Faowd » Farouna (X N TE AL FR A
x; R RAE, P ETR B REN L ERE RN
0, EREECHH

j(l*r ) F e

(x:), 1
k(r)—l i r<

0, others
A r RN LV AR x; 0 B H AR DX A B A
v BB HE 28 1E H AR AR P AHE A [ X b B
BB G I Y 18 R LA R AR, 808 17 TR A /)
BUE . BEAEZE T H br b0 5 B S &5 B .

BN [ERE R A AP s s RS RE RN BiVE & K DYiUE 7377
R, PR I s S R0 H e 455 2 5 30 A Y ) AH L 1
JEE R R U8 TR R AT AU ST
R A5 Y 0 R B 1 B2 i R O S . T I R
HHRLE JEE & & Bhattacharyya &40 8 4 H bR B4
I3 A q SRR p Cy) A AR BE 5 e 8 o (y) 5 &
BT B B bR KR o () 78 SR

oy =plp(y.q]l= > Vo.(Wa.. &
u=1

d(y) = V1T —o[p(y) .q]. (5)
bR 7L 1) 8 0 A B 05 P2 e A e A O T RE S
T AR R AR A it B H bR A AT BB, L
BAGER - 5k

.(k) =aq, (k=1 +A—a)g™ k), (6)
A @=0. 1. 3278 F AR R B B 37 i 6
2.2 HWEEBEE

P E AL B S R R B H AR B R
L7 P 53 A BEAT A o AR AL B 5 A A DS T
FHRABE N5 AR R B AL ER X E .
AR q MR p Cy) o AR 1) 4R L
B T AT 1 A D B A R R () SUTE o AL
R R IT  2F44m Br i R] A5 2

3



2556 W 2 - i 50 %
[p(y.q ]~ ‘ 1 T T2/2 0
e C, < iij:[o J’Blwk[T/zL oJ’BZ:
T VPG + Dk ‘ )1 R o
u=1 =1 ’k
‘ \ h B, — Bl B
A AL F w0 Ky 1{0 T/J ’ [ 0 Thj B mi 2

o m . - qu
w; 26[/1(1,) u] /pi(yo’ (8)

e Iﬁ%_yﬁﬂc TE 24 Aif ot 325 A% 550 1 16 R k%
[ B (7) 2 AT AR AG AL RE S5 R iy 3 B b o A
Fr oy X I E BRI 10,4 g(o)=F (2).

E.’ng<‘ Ye — X, 2)

h
Yir1 = . 9

S |25
AT AR Hir O 5 %Uiﬂ(fi)TﬂETﬂ‘%
R AT ST, 38 1 H AR A2 AR .
2.3 MFIREREEZE
B U8 (PED B33 ) B AL Al A 19 45 4%
FEAS T AUE >R 2R i 30 E 230 %85 B, DT 45 BIDIR 25 Y
fliTHE OB U8 P LR AR 18 20T A 2 o6 EOE X
XiF i 6 M A B o B A O HOAS 32 M R 3 A
A BRI 38 TR AR RS, B B LR
PE R GORAE T B AL 7 72
X = filxy,v) s (10)
z, = h(x,.n). an
X [ R XR"—>R" ZREHH T .v ER”
ST RGORE M R RGEWES . b RXR >R &
WL 75 A% om, € RS2 WL M 75 o) i, B bR A 1) A
DL RGeS TR
wWhENZIHWRRESEER N x, = (2,2, v, 5w,
) EE,  H (&, 3) s BARBEE B . H b5 04
B R 2 =(x,y,w,h) CE,, & H B A5 K I He 3R
. BERRESFR TR

H 0,77 2270 0. 2 (i 3 o A s i oy JEII{ER O
Ji 7208 0.1 By e A

AR KL T 08 P I B HARIRAS x0 B9 J5 S MR
BEp (xe [z AT DL — 4105 — 4k BUME 1 R 7
{xiowy b KRN

N,

j)(xﬁ‘zlk)NZw5(xM—xw) (13)

AR SCULIN AR R T H *Tf‘ﬁéﬁﬁl“ﬁ] HIQPE: /AN E|
B T IR 2 R AUIE B 7 FE

2

exp(*;faz). (14)

1
w, = wk,lp(zk\xk)— s

SR FH BRPRL T U8 S vk b R E N =100, B3k
U3 (1

DG k=0, =1, -+ N AR SL I HE B
IR AR FIRAS xis

2) H1C12) A PPRL 5 RS 5

3) HUBAE < iz F (14) 358 15 R0 R A AL
{8, I H—1k;

DI Noo= 1/ ()’ W N <Ny i
7 R 2 BERUE /M B T
5) T ég"fﬁﬂ‘ﬁ X, = wa«xk

3 AN Z HIRRE RS

2 HAR AL R Z HIRREE RN X, =
{xi oo™V MBSy Z = {zhy sz}, Horp
MR) 7R k B Z1 A W] U H AR £ s N (k) KR &
i 2] T LA 0 380 L A P AR R . 2 HARERER R G

A4 00 B 0.1 FEAT LTI B AR AR B b 66 L 3
e = 00 A Ou et 1B O U2 SRR 0 H PR H AR I R
02 02 Ig 02 B3 nf‘i lz] 1 F).I’,/j—‘_\. .
¥
object object association multi—object] object objects
detection | | association| | reasoning |~ | tracking | | deletion [ | updating
new object
initialization|

K1 £ BARBER RGN

Fig. 1 Architecture of multi-object tracking system
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Fig. 2 Multi-object tracking algorithm based on state analysis
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Fig. 3 Tracking results of multiple objects merging. (a) two objects walking to each other, (b) two objects walking

together, (c¢) two objects merging
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Fig. 4 Tracking results of multiple objects splitting. (a) two objects walking together, (b) two objects

changing directions, (c¢) two objects splitting
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Fig. 5 Tracking results of multi-object collision with mean shift. (a) three objects moving independently, (b) collision of

object 1 and 2, (c) splitting of object 1 and 2
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Fig. 6 Tracking results of multi-object collision with proposed algorithm. (a) three objects moving independently,

(b) collision of object 1 and 2, (c) splitting of object 1 and 2
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