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Abstract: Aimed at the problem of low tracking accuracy of particle filter (PF) algorithm for multi-feature fusion under complex
environments, an improved multi-feature fusion algorithm was proposed. The algorithm adopted the second-order central difference
Kalman filter (SO-CDKF) to optimize the proposal distribution function, the latest observation information was fused into the impor-
tance sampling to improve the efficiency of the particles. Meanwhile, the template updating strategy was introduced to update the tar-
get template in real time. In the multi-feature fusion strategy. the expectation maximization (EM) algorithm based on PF framework
was used to solve the state estimation on the different quantities of particle sets, this not only avoided the errors caused by calculating
the weights of multi-feature. but also improved the real-time performance. The filter simulation results show that compared with oth-
er improved PF algorithms in one-dimensional nonlinear model, the proposed method has the best performance. Through the target
tracking experiments based on video sequence, the effectiveness of the proposed algorithm is verified by comparing the different sam-
pling particle performances. Finally, The target tracking experimental results of different environments show that the proposed algo-
rithm has a high accuracy and robustness for target tracking under complex conditions.
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AR 5 A E A REM R, X 6 Fh B LT
LIIIE, A SCRIL M RAE Jr 225 4.2 WAHTE . BT AR
WRIE G FR A BB, 5 MR Sk BN S 8.
AU B0 169 30 43 MR 65 SR X EL A AT AN B 8 TR, A — i A2
EAAMFES, AT E AWM B R AR CEEREE, )

1) “Skating2” 4, b FH LTI FE 6L
FIRSR . 43 HAR S HOG $51EZ 8 T, fEMi4is
gy H AR 2 UM H. 28 B, 5 Floxt B AR 80 7 2 AL T P
SR, T SCF A B % AT A ) AR R AR SO Y
PR B PR REAR X AR .

2) “Jogging” J¥, HARLE 51 Wigh 58 4P )5 , KCF,
DSST., BACF, Staple [ >R F [# 52 (14 455 5 5 7 4 2 5 5 H
PR G R S R REEA, B ER . SAMEF
TR B 3 SR A /0N o T L KT A B D P S R . AR
PAF S T H AL, I R RS S A 69 M T BT 4 4
F HAR O

3) “Soccer” PR FH, M 71 Wik B bR & A P A
iZ5), R HOG F#AiE g DSST fil KCF S5 £ & Hir: M
106 ik B b5 9k 21 AR A7 Y, Staple. BACF . SAMF [F
MR TR IR 22 B R S HUG SR B 4 IR . R
JEAs 4k I, DSST Al Staple #J 88w i R 45 4k ; BACF #
SAMF HF HARHrAE Pl A8 1h 51 & B A R 9 K. A 3¢
AT 5 T 2 AR AR Al G AR S BT L. E bR & RIS B
RO B B 22 J5 BB AR M 5l H AR, R AR RS B B E AR
RGO, SEHOEF FBEYRE 2, RER
] Y B BRI AR . A e T R A e N R

4) “Diving” SFH] . ARCEIE R0 LE THEETT
BIE PR BT F R 3. XL 5 FlokE o6 0k D B v 6 Ak
o 174 WIBIRW. BRASCRIESN, HE 5 Rt Rk A
PREZRI . Staple AR R REH 25 20 (0 B RURRAE . (A7E 24
AL Bl A WP BV R R AR A R, TG A K AR
EOR7IE

5) “ClifBar” #LAH)F 5. HERM 71 Wik & £ B E 3h
AR BEA b, AR ST YL B 6 A0 S0 B AIE A 38 Zh B B9 T
PoF LIRS TS MR R I, 224 W, AR AE R AR T P8 R
FE R XMAT F 420, SAMF 85 A 50 7 56 T 7558 hf
HARSMRAE Ak, 1 KCF — JFFR 2 R B R . Ja 2R IR i v
AR SO R S A PR R I ROBE AR (L A B, 330 il H A
AL E A, Staple BRER R, DSST. BACF #1435
LR R IR E F T,
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. 328 - TS HLI 5 %31 %
WA HT T A 1 A SC R T EM-PF 42480 47 H5 T (R

BRAEALE . T FE 40 HE 6 T 7 I 19 4 Jrd 5 3 BB S0 . TFET OO E R R E

7 PR I P A 1 TEAME 3. A OB L R Skaing? | Jogging | Soccer | Diving | ClifBar
POPOHGE . e B AR ORI AL AR R L KCF | 30.76 | 144.47 | 15.37 | 42.57 | 36.72
%ng’}“’ﬂﬁﬁg KCF 1:5[:[:, ﬁi%%i&ﬁ?%ﬁ@ﬁﬁ@ﬁﬁ DSST 34.67 150. 84 20. 29 73.61 5.33

B A A AR O . B S 2 9 R A 1 2 B0 B i 1 SB:& iz 12 fi};l ZZE: jgiz 295' 6244
PRI e JC A ALz B BRI T 41, (£ 30 25 BUARCE Staple 23.07 146. 52 65. 65 76. 52 29.16
%ﬁmﬁuTﬂifmﬁ§&E° Proposed 20.70 6.16 15. 80 14.81 12.71

3.4.2 EREDHT

ARICXZ 6 R R PEBE N R B R 2E . B R
R R = TR AT VA

D iR BT FIEALE 5 BB S
PLE R R 9 Frox. Gk Wi, ACE Lo
BRI TR

6 FHEIEAE 5 NHUIRE 41 b S 2 vp o L B R 22 AR 5
Ji7R

uuuuu #0314,

1€ “Skating2”, “Diving” J¥ 3, A LR EH L &M,
bbb Wk A 89k Staple. BACF Ay .0 7 B 1R 22 0 91 s >
10.27% . 63.51%; fE “Jogging”. “Soccer” JFF|H, ALHE
BHER KA, WA E B SAMF, KCF (1) ip0 i & iR 224y
BIAAZE 81.71% , 2.80%; fE “ClifBar” J¥8rh, ALK
K EHER 5 =, X LSk DSST A2 138.46%, *f L
WAk P BACF #1125 31.85% .,

(e) ClifBar

w==sn KCF w== DSST === = BACF

SAMF w== Staple == Proposed

P8 AN [a) B 3 B AT 20 R 25 S0 1L

Skating2 Jogging
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Diving ClifBar
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—
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<

TR AR
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L EIRZE/B R

(=}
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ik i
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=
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i LUt Lk
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Jogging Soccer Diving ClifBar
. 0 1 ] 0 )\
200 400 0 100 200 300 0 100 200 300 0 100 200
Tt e LU7E-3
weseloees KCF = = = DSST  ==-&-— BACF SAMF Staple = Proposed
[# 10 5 AT 5 E AR i AR

2) BAK.

5 AR BB 0 7 0 9 A OB R ST AR X
SRR A TR AT L VR R R R
_ANA.

A UA, .
A A EBER A TES b WU F B ER K BE R A,
R A TARVE RS £ WU S K IR AL, EAR O, &
KRB I B R M, AT B REAE 5 S BB 8 1
{7 B R SRR 10 R

it WA, AR SO B T A A 43 B I P A A
K-, 6 FFEHEAE 5 ANOUBRES) L T2 T Ak 6 B .

O, 41D

6 OTHEEE L
: FHERE
Hik Skaing?2 Jogging Soccer Diving ClifBar

KCF 0.35 0.12 0.42 0.32 0.26
DSST 0. 38 0. 14 0.43 0.21 0.65
BACF 0.32 0.13 0.22 0.27 0.57
SAMF 0. 30 0.77 0. 20 0.23 0. 38
Staple 0.48 0. 14 0.22 0. 24 0.46
Proposed 0.52 0.74 0. 36 0. 35 0.48

£ “Skating2”, “Diving” I h, A ARG
- E &R, M RS Staple, KCF 434 & 8. 332,
9.36%; fE “Jogging” JPH A SCRIEHEA AR, iR F
B SAMF 2% 3.90%; “Soccer” FAlH, ACEBHEL S
= XIS TE DSST Rk (55 3% KCF 43 54624 16. 28 %
14.29%; #£ “ClifBar” JEH, ASCHBHEZSE =, W
Ak DSST AR A5 % BACF 433425 26. 15% . 15.79%,

3) BATEA: 6 FHRIELE 5 DALY S by s 1T

HARME 7 s,
FT OV YIRS R R
o TR IEAT AR/ (LR

ik Skating2 | Jogging Soccer Diving ClifBar

KCF 200. 51 162. 36 153.70 290. 64 369.59
DSST 8.68 28.72 24. 85 42.16 66.17
BACF 21.10 22.93 25.93 30. 79 37.79
SAMF 24.71 20.14 12. 66 30. 48 40. 54
Staple 5. 14 5.05 5.07 4.13 4.65
Prposed 5. 16 7.75 7.90 7.52 8. 64

M3 7 WA, KCF 1642 80 7 81 b 39 528 17 3 5 e g s
DSST #2128 17 3 3 32 B R H bp DX I BURZ W 8K Sta-
ple HYSEIf 1 e 25 . AR SCHE 1 B Ik 18] JF 85 32 22 1 T SO-CD-
KF 15 Sigma G5 M IGE PP Tr 22, B I ] IF 8 50k 5
B A E AR KEO/MESE . 28 A Matlab SCRF IR A1 45 72
A RE i X S R O B AR C R k. T HEaE AT
AR DRE ] 70 Wi/,

4 HXRIF

Bt X A% 58 20 R A R OB T DB B S IR A TE RN R 2 Ak
AR SCAR Y — Bl e 2E 1) 22 R A B Rk SR € A 0 B
M AT EAME R RHE L7 T LARAE H AR . R SO-CDKF
SEEA AR B3 A R K, 1 SRR T 4 R Rl A S BT 1 )
fHE . ARARTERAERGEE . JF R EM-PF 53k 47 2 43 1E
fili . AR 5 A 2% B O T A% R A A SRR R TR KRR
JEE St MU 1y S k. SR B R W] IR T A AR
2 L i N IDE A R SR R T R R R E

S E 30k
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