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Abstract. In multi—target tracking, target occlusion processing is one of the important technical challenges that needs to be studied
and solved. The mutual occlusion of targets and the occlusion by buildings will seriously affect the comprehensive performance of
stable multi—target tracking. Compared to single target tracking, multi motion target tracking is more complex. Multiple moving
targets ( pedestrians or motor vehicles) may obstruct each other or be obstructed by roadside landscapes, buildings, and other
backgrounds, seriously affecting the extraction of deep features of the appearance of moving targets such as pedestrians or motor
vehicles. This will make deep learning object detection models unable to correctly recognize them, resulting in failed tracking of
moving targets. This article proposes a multi—target tracking model based on deep learning model detection and occlusion classification
processing, which classifies moving targets such as pedestrians or motor vehicles that have undergone extensive occlusion, and adopts
different tracking strategies based on the occlusion classification results. Combining Kalman filter and enhanced correlation coefficient
method (ECC) for motion model to improve the accuracy of position prediction and achieve real —time robust tracking of multiple
targets. The experimental results show that designing different anti occlusion multi — target tracking methods based on occlusion
classification processing has higher comprehensive performance in terms of detection rate and false detection rate of moving targets such
as pedestrians or motor vehicles compared to traditional multi —target tracking methods, and can quickly obtain the position and
information of moving targets such as pedestrians and motor vehicles, achieving real-time robust tracking.

Key words: deep learning; occlusion classification; Kalman filter; enhanced correlation coefficient method; multi target tracking

HETH: WA AREMEIES (2024118055,2023)560220) 5 1R & % T RHABFSE % W0 H (23C0749,22C1027) ,,

YEE® N ZZEA(1978—) , & Wit B2, FERFF Ty 1] T SENGE  BRBE2E > 5 DR B2 (1981—) , % Wit i 2804 , = BE0F 9 5 1l - BB 4%
i UREE2: ) 5 EME (1974—) B 4 BIEER, RO I R A ) AR E B RETTH AL

WEIEE : RN (1994—) , 2 B, g TR, 29005 ] T H LG , IR 4% 2] . Email :2024002@ mail. hniu. cn,

RS EHA: 2024-05-22 PV EYR R 2 L5 A

A




12

ZElEA, A BT ] SR 21 2 H bR BRERIE ST 187

0 35l

H bR P A HiLUE: 22 H bR PR A TR 5 DR Y T
B AR 2 — 12 3l H bR g P 2 e T
AN W% Lz BAr IR ETERE . X T47 Aok
PLEh 4% Zia s HArm IR ES , &3 30 A (AT) 2
Vi) 2 R ESBE Y, DA R B A AT | S AR (o
SRS | 7 A 2% A8 37 5 vk 4B i 5k T SR 0
P4, T RE S AR T AN Sl sl 4 4542 g B AR iR 4 sk
B o BN B A MRS 26 | S AT NSRS
FAEB T H AR AN UL R AR B9 $R R, 5 SO
e S ARG ASE IR JC 325 TEAA RL00 AE BREE R, AE R
Je O RE S E AR T, 2447 N siblsh 4245z 8 |
PR PR 3, B SR A B A T N SpLBh 2 Rt
WS 35MAT N8iHL 8 4 5552 3h B AR B 03 % 4 119 4
7 EH I 205 3 F AR IR B i ga Ak fe,
BE XA ] B £ 2 B s 1 [ B9 H A R 0 T ik
o mEE,

T LB AR 2R 78 eSS B A b s v | W AR AE
TR AT S T Y 1T NS sh 42 45iE B
H bR, K 2 A5 TR B 2 o) H ARG I A 0T 320K
VR, LBV R TR AT ARG 2 W, 7 B 5 1 5 T U B AR AE
Kl 22 H bs B 5 sk 9 PERE . HET, AT 351
FE NG A HFRERER (SOT) Az 5 B bR ik
WP, S8R B2 3h BARRY AN FERI , DLk 2%
T S e g o 1 P TR (EP S 1 3 I N E R 7
B (SOT) Jr ik e A T4 7 N sibL3h 72 %32 o)y H br 22 1]
AP AL BRI | 25t BAS Bl H B R i 2 A A
SCHRT 10— 12 ] R 42 BUR 4% (R-FCN) ) 4tz 5
H bR ARSI B R 5 B HT 43, A2 3l B AR i B
118K, W & figtiz sh H A (P4 ) 8, SCHk[ 14—
16 ] 2R R BE X 55 90 45 > 4 AL K6 25 21 | SR 32 3
i ER AN 57 R0 25 19 AR U HEA T2 3 B AR
PHACTE  SCER[ 17-19 ]38 7E 2R W 45 2544 ( RNN) Til
I AR AE T — T30 A 300 SF o7 o Y A 175 450, DA TS 4% e
B (1Dsw) B Y & A SCHk[ 20 ) R 3E T
A6 0 157 22 T8 38 3 b (ToU ) 19 35 FIAE RE LA K £
TR0 R A R 5B S B %) ) AT, B T B e 1 R B
RO, SCHR L 210 ] A1 [ 031 190 266G 40 4k 32 3l B br A
TR FSU00 300 SRAE | SR FH 35— 4G v 7 22 i) 79 528 5 e
(ToU) fR5 AN 40 B DL K 900 VB il B3k, 35045 Tk
B B AR EREE R

25 ik % & A R BRS04 T AN S HLsh
HAEA B HAR , BT AYiz 3 B AR B B A R - B A

il

SR ISR B X M (R BT JHE 4 14 R B 7 v ok R AT Ab B
PHHAE S 2R 2838 s Pz gl HAR K T AUEERS 917 0
T, APRERERECR A, X Bz 3 H AR R AR B
L LR A SR A4 0 3 R T ARG P4 T B
Az F bR BRI R A [0 T, A SCHR R 3020 5 K
BUEPS AT ALl 425512 3 H AR Tl £ 70 Ak
H S ELEE RS AN TR 04 28 4 73 R A TR 194 75 Aok Ak
B P AT N L3 42 45as 3l H AR BRER , 45 &
Kalman J& I 5 38 538 A OC R B0E (ECC) 118 B
TSR THAL L TIIN A) HERSG 1 , SE B2 b 9 52 I 5
PRERER

1 HEXIE

G, FIH Faster—RCNN B 27 2] A6 A5 7Y v
14301 FAE (81 U5 P 2% RS A0 Ak AT N 8iblsh 45512 3 B
o K DU R S50 57 ", AT 52 T4 4 i B 7 5242 3l H A
B G A HERA I S T SRR, AR )E SR Faster—
RCONN J 5 55 ~J o AR Y o 56 J 22 H bR, %
“Kalman JEI & + 315 58 AH ¢ R E0L ECC” iz i1y
VE Rz sh I, B R A7 N sbL3h 45532 3 H AR 5L
B KA b T2 B HARTERI T — Wb 97
I AT NS 45 i 3 B AR B TR AL 5 i
HE , UL Keiz 2y B AR 2Z [A] 1Y ToU , R I 530 D L 53
22k 5 Iz Bl H bR Z 18] 8006 IR HRAE |

(1) Faster—RCNN

Faster—RCNN ' 2 — A~ ELAT it S P g i) —
BBt B bn f i A A, DX HE 7 I 2% (RPN G i
Softmax 7328 BRI LKAl R 30 03 O IEREAR B TAREAR
FFIZ 3l H bR 2 SU0E 0] U3 22 B0k 5l ok 4k, i it
HAF BN M HER I HERZ X I, Faster—RCNN R 2%
TR RTARLR ] & 2 2 Bl 2R A AL 20T E 15 5
H R Bodfs 4 F 58 i — il 2k, RPN A3
Zr Hbreigoan =X

Wip 16D =3 S dapob) +

1 . .
Ay Zpidulet) (D)
reg i

Foofr, Ny N 4B R A SO R R A
AR p, IEREAIREAS ;o Sy I 2R 4L

(2) Kalman JEJ#%

Kalman J§ i) % 18 i iz 3l H AR 788 BE 52 18 AL
e 8 B s AL R PN %02 Bl H AR AE 2 1A
trh AERR O B oz B H ARG B AN R X

x =Fx



188 oo ®m M5 M OH

16 %

P =FPF +Q (2)

Sooft, PO SR T A 7 2
FPET @ X2tz sk 2 0% 3 20 L B i
CERE A MG N, ).

(3) B R AR

AT MR I (ECC) ™) 35 T (R
PR . R BN
X, x,(p) )
ol Tmpr B

Hoep |- I MEOILEASEEL, « Al x, 350 S
SR R 2 0 1 R O B (A v, (p) A
i () BRSO p 100 AR R 1
SUBIRLIG 0 SR 2ok A AR A
25 RS W

2 ETREFISESSENS BIMRERER

2.1 EHESELE
AR SR FH LA ) 28 56 AT N 8ibL 8 42 4532 3
H bR B3 0 A il 1A X 45 3 (] 119 301 L ATE
FU TR 2 27 = K6 TR 7 5 0 (14 370 S T 48 A bt 22 o7
T NEHLB) 555z 3 H b fr & i 32 3 B AR 19 ]
UL BE PP AT N S bL8h 42 4512 5l B AR B 4 1) /A
&, ARYEE s H AR B 0] L AR B R A TAT A
SHLBN A IE Bl H AR 4y JSAb 3 | LA AR B B
HEXT 7 1) H bR USSR B FRAE 55 6 W AT A gL
B ESFE B H AR 0 D7 58 AP WLTR BE RRAE 17 22 5, 9F 2
B AN [ A BE R B P 2R R i A 7 N skl 3l 2552 8 H
B R BN R (4 H bR ik
AP EAT N2 42 45 12 ) B AR AT LR
{8, iz 3l H AR AT UL BT ] OB BB Y H brdrid
0, % TAT NsHLEh 445z 3 H br i SHHE Z 8] 1Y
ToU 51 AT UL A A X6t 1 132 3l B A X, R
H br R o BRI T NSl 8 44512 s H
BRI R BE A, A7 N (BB 4 )« 1 S WL TR B
FHERR A C AT N (BAL 4 ) y AN ULER E FEAE
FORH C,, FIAR R EAT NS5 455 12 5
H bR D s AN AR AE B
dist, = G(C,,C. ) (4)
G(Ckicl): ” Ck_Cl || (5)

7E LA, ¢ Fom HERAT A (S5
) (94 S SRR AE 160, 4353 4T A
AR ) 5 H 7 I 50 40 L B B S 2 O, AR 4
AT NS 3h 551 3h bR 2 2 (6] F 3 4 P

EECC(P) = I

KF R MBATIX 34
2.2 ZHIFREFEEXEME

R T IAAT NSRS 445 Bl 5 A I T A A
BRATIE O, A SCR T BA 12 2l B e 45 v i 10 15
W28k Ak AT N B3 45502 3l H AR 5000 0 A
PRAE AR FHE | e A5 B3z 3 B bR S i il R
HE AT WL A58, I HoA Ry 047 N skl g 42 55
Bl B bR B 5 s B bw 2z 8] 00 B S P A ) 3
[, S 74 mA T AN Bl 3 4255 H briz s 8 iy 1
DA BE, $2 10 R K 2 8 I A% + 3 9 ORH OC R A0k
ECC” iiz shi A |

W R A P 9 T NSHLBN 4552 B B AR
YRS T S (e AR ) Y iz B H
b, B E T 5 (A ANSHLBN 42 ) IR Y3z 3 B r
B o) 3K I 1 1A T N B8N 4 452 Bl H AR L
AR BRER T 2%, AR XA T A8 bl 8h 44532 8l B Ax
KITBGE RS A O, 180032 3l H bR B A F A i e
TE58 AT NEUHLB) 42 4542 2 H AR R ER I, R B A%
FRRIBARL PRI R ER 2 R AT NS 4245z s H
Frid) B An i, SEER B[] A RS s MR, B8 e 2 TR
JE 22 2] SR A B £ HARIREE LR A HERE
2.3 ZHIRREEZERE

HR GG 432 25 R 53 5 A 74T NEihL B 4= 5%
iz 5l BRI R R AL B 9 P 1Y 42 B B bR R B
B ANAL KA BTN Z Bl H bR 26 RESC A R — i
WA AR E Bl B bR S A AR IS B 45 SRR 2
T NSS4 4512 2 HAR M BRER . 1B AT
T NBALBN 225552 3l H AR 78 2 A 23S 38 A0 > i i (1)
PREROL B 2P0 SR BNZE 3 BARIRER L Y
YT SOEP AT N3N ZE 452 Bl B AR
(1) 25 2% BRI ()32 3l 100 20 FEE , IR Ry iz 3l H b
TE R RE RS E P Y it i R ER A B T L FHissh B
FRECRBIFRTT A 210 sk B)i%02 s B A5 09 BRI 3L
Mrh FEPATIE B B AR IREFE BLS , RHEFAT
NBHLBN 4512 3l H ARSNGB FREAR AP ALy B
FrE RIS R K & 2 % iz 3l B 5 1Y B 0 i
T, AT SE B Ao T e BR RS

Z HbR R ER A B TR AN

(1) B ERAT N3 %5512 2h H br iR gr 4
B E S B MUBCH 1206 N B Bl B AR R EE R E
(1) 5 bR R

(2) X7 NEihL3h 4 452 3 B bR IR SR A rh i
I ASE " A S AW T BE AR 4T UG IE , I EL S IR BT
BRIz Bl H bR i BRERIR A R T2 3 H e il i



12

ZElEA, A BT ] SR 21 2 H bR BRERIE ST 189

FUHEACE Hgni0f 0 1947 N LB 4245 12 3 H AR R
T E S WA i 1Y BR R 07

(3) St HORAT N sibL3h 424532 3l H AR i iz 3l
AR R AR B S LR BE FFAE 1i 120 A B 247 A
LB 455 D S AR B AL [ R AR A

(4) X0 B A SC 18 Y 5t 0 AT ALl 42 4%,
Kz 3l B R 14 FAEAE iz 3l A b e s
MUY Aot ) BRI 8, O HAD iR AT A il s 4
iz sh Hbriyiz sl R, @iz sh H AR P LA
FERFE AR, O H I In3 iz 2l F A G i £
W AT N itL Bl 422512 3 H AR N ILER L RAAIE 17 4R
EL

BT UL 5 ) Sl 7 RAL B 22 A R ER BRI
FEANPE 1 i

SRR H AR R
H briz g il > I H ARTE
LA

AV BB 5 S

! ]

Z H bR EREFAR T LT

E1 HB#RERRER
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