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Fully-associated tracking model for occluded objects inself-service cashier scenarios
WANG Jinfu, ZHAO Jianli, FANG Sheng, LI Zhe
(College of Computer Science and Engineering, Shandong University of Science and Technology, Qingdao 266590, China)

Abstract: The frequent occlusion between commodity objects in self-service cashier surveillance videos can lead to
the problem of missing appearance information of the objects, and the motion information of stationary products
cannot provide valuable tracking clues for object association, leading to the difficulty of object tracking in self-service
cashier scenarios. In this study, a fully associated tracking model for occluded objects was proposed and the
occlusion phenomena caused by the frame-by-frame movement of commodity objects in the self-service cashier
scenarios were interpreted as a gradual inference process. The tracking by detection (TBD) paradigm was used to
propose occlusion rate and hierarchical information as auxiliary information for occlusion object association when the
appearance information of the object was missing and the motion information was zero. The Kalman filtering
algorithm was used to complete the association between multiple objects and different trajectories in the inference
process of occlusion phenomena. The experimental results show that the proposed method can improve the tracking
accuracy of commodity objects in self-service cashier scenarios and the occlusion rate and hierarchical information can
effectively reduce the number of target trajectory fragments, with mutiple object tracking accuracy and identification
F1 score reaching 80. 7% and 80. 4% respectively, 10. 6% and 9. 8% higher than the ByteTrack model.
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Fig. 1 Schematic diagram of occlusion phenomenon in self-service cashier scenarios
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Fig. 2 Schematic diagram for comparing height information of datasets

1.2 EHAE N

1 1R T EBRAL AT KO AP R T s I M A RS =
e £ BHIE AR 72 4 4 B T 7S WO A A ) B 5 R A7 B AR » AR R 3 L ik
SN2 S P B SR AR M L R R G P e o oS W 8 0 A T
P4 5 67 02 £ e B M BRGS0 e 0 1 R 2 A 2 LR A T 7 2 2 5 2
LB A« S 805 LB 090 30T 20 5% A 1 B B LA 1R 25 DAL 46 X it AL R
SHIE IS,

PRI 5 R bR @ B SR B Qo+ (a3 s20 )5 (2u sy sz ) de L Gy oy )W a
T e, WK T A bR =, W a 7 e, WURIRTBEGS B, R 2 BOIE T 2 HAR I A G0 X R (o vy, ) #
Cra »va ) H o, ~y o B FURRAR A 27 A KT B B A 905 0 R WP B0 4. A B £
R BB LA R A FBRAE e — B 20 (s vy D~ (o vy ) ol 2, # 2, JHIEER ¢ 1S
76 ¢ W02 7% H KT (0 RS 20 B 3 S A S RS P B 4 % F A FL b AT o A L5 B £
RO 2 7 B B

BT R 1 AT LR SRR A R RN 2 2 A R 1 Bl
B b A S AT 05 30 13 S8 68 A B3 T 00 2 DR S 1 60 K O i 19 2 1 L X 4
P 4 1 S ) A A IR0 T SO (000 026 0P 1) %) 58 2 5 B HL 47 19 S 0L B T ok
Ay EAR I AT O (L0 2% . BT 1 457 450 43 0 Al 4 14 555 R 0 £ L
3 A B 0 7



o A T A DR B T RGP B R A DG TR R AR A T « 113 -

D BEREPR, R HAR R ILT A AR B AR A& & X Ry BRI, 1A 08
sU@y 7 oh )i, NLG@y 7o h) i, U Uy 7k ) 1)
s{Cay Y sh )iy ) ’
K Clo Na 75 ¢ WIIEEFR  box, N HAR a MHIEKIAL; (o oy v h)he, N e W a BYRETE AR DI AE 7E
FG A FR RN EIE B, () N a DRIy Na BWKSELL.L Ha BIE ;s X5y 275 by, F ARG a
B AR E AR BT AR . M S5 o AHABAY B A5 S8, S B AR iR 3R K T 55 T 80 %0 I, H A A7 75 XE L
o I 7 7 R OC R WO BB . D3 b R A2 HAR R/ KB LR A K
2) JRRAER .. 200 &R, AR AT B AE 4 B 22 5, o 08 HEFUEE R I H Ax E] 59 B R R R

Fo LAPGAS B A5 ] 9 30 P4 5% R B Al 2 5 B AT T 4 o XTIHARSE H AR o (PR b .

STy ¥ ol ) o, N (T 0y oY sl ) oy, b
- S{(xt’y’)’,h)ima}
s Clion, hox ) N @ X0 AR BUEFEF D9 [0.1] . 55X (2 BB HARAY R S B B R ah 192
WAE BN 1,2 o H5HABEFAFEERCR A 1=2Cl0, o, =000 =1,2, . MO ,a BZRMEEH
BLE IAR RN Y 2R AE B RO

Cho, = (D

(2)

M
T =>,T" +T". (3)
h=1

R S R o SERS RS ERR s T 8 b B2V B MO o 95 10 F R ASHG T o M ATJR A
T HEHR o WU U BT BRI 4r 2 B4R 45 B SN BLAY 7 6

8 REHER b FBRH Cly o) =0Ch = 1,2, MO a2 VA 507 B0 22 A BE A 19 J2 V£
BtRas

M
T =>T" —T", @)

50 P AR R A2 VR I L e B U A 0 0 60 AR T L AR A — A T
s SRR U (5 LR 05 HAR IR U R A . 50 ELAR I b T A s s 25 L AL S %
RTERUAE B K A EFRER, B A H G 2 5 BUZ U B S0 R 5 1 302 H bl 2 0
825 D H G 093 30 T R 2 A

8) MEPY TG A . hy T IAF M TR D P AR 1 B 2 (2 il PR A A 0 G O R
2 100 0 S LS 54 43 S 38 S ™ TP o 24l o, <80 26 I I TA™ 67 2 1] 42 7 36 i 3 4
B Clin o, =80 S A P4 E B 2 7 1 P2 B P

FER(3) 34 JE YA A BRI L 53 SR AR P4 M B . A S BV P42 4 1 i 22 o 1
PRI P 7 B PRS2 = R S B AR P E R

2 EHBREXRKREREE

X A BSOS 5 T BRI T B B AR M L SCIOR B R ) A AR OGBS e L 4R
iR bR A DG TR B B A A LR R IR SR AN 1B 3 TR . R S R E AR R 0 AT 5 eh B ¢ i
FbsfE B, 585 il id 12 3 {5 BRI AM LG B AT FAR SQHK, I S HR s S 19 F bR AR S8 & Tl P (H1F
TE LAY 2, — YO IR Jhs 12 E0 0 1R 5 R 7R s DB A5 80 % 00 {0, 4 0K 10 (AN IR P00 ML ) s 485 5, AP 22
I 46 A RCPRAIE T F R SQHR 9 R k. (H B B YSCRR 5 3 5 B 0 20 A0 I G B G A s A A 0
B2 HArEREANT X LUORIE . R A1 X — YO R M) AR B Tl MAREHPLLES T H S
P AR ANR YR S AEAT ORI LA A 4 F bR A9 & 5 AR = T BEATT — it



« 114 - L AHBEKXFFROARFAFZ RO 2024 4% 5 #

— RS R A

AR, FEAL I

I ;ﬁ, tmﬁ’ﬁﬁ/\ ,,,,, N R E R R (em e || HRHE | |
H HE . AN S ET BT
R @.%§MMEW§ spmange | | | Ta
fiLWWﬁﬂﬂj§§®/ﬁJREmﬁﬁ Ji | Bl R
|| | Backbone | | T, | R merems
ek L[S omee ) T'wu 1| HAREHEEN
| Prediction | @ E - ERBUE l J%T | ERE Rk AR |
Y - — W | EMERCRER |
S IET TN WEB

B3 £XBEREAREYGE
Fig. 3 Overall architecture of the fully-associated model
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Fig. 4 Self-service cashier dataset



o A T A DR B T RGP B R A DG TR R AR A T ¢ 117 -

3.2 HERNEBRSHIEZE

YOLOvS iy HArAa I . Y12k 1 48 5 A R K/ Ry 608 X 608, batch size 24 32, WG 2% 2 %4 0. 01,1
RNy 0.1, 2 R 0. 973, B EFEW N 0. 000 5,32 I ik RECH 0. 05, A I 5% 46 100 25 45 E A
KAl kF] 92. 1%, H R A 79% .24 ToU B{EEE N 0.5 B FHPR R 0. 856,
3.3 EEHESN

PSR A LB 5 Pron . AEMEBUE PSR 2 HAR A A RS OC R HOE RS R4 0~20% i e .
FE 20 % ~40 % 5 H e . HEBUHE P2 PR AE 60 %0 ~80 %0 i bt i . FE 20 %0 ~40 %0 7 e Fe ik . — O T
PR A BE B R BUW P R S A 06, 55—y TR B A AR A ORI SE R . ROk UL I RS R A A T
B s BARIE . B B BCR & B0E 42 rho R0 4 NI B bR 32 T B R L R SRR 1 AR E T
JE W R A R A, A DR VR E S 0. 1,20A2) B A &S 0. 2, BT IR AR HiE B S
910,

W5 B A T 1 SR A A R /N TEAR L 3G 0 A N 6 T R . TT LU Y 0 1 R 8 58 K T 30 %6, K
Gy 38 B X EFE 15 % ~20 %0 22 18] . SEE 45 FUE B, [ Bh AR 5 B0 4 AR 04 38 24 55 728 £h 2 7T LA 412 R i
B TR DGR B RS H bR 55 R AR OC HE ARG,

0.4
. N e — e
2 o5 S e P BT Eosl / ey
3 b ‘ / \
v 0.4 AT 0.2
g 02 0.1
-
0 0! :
0~20 20~40 40~60 60~80 10 i5 20 5% -
LR/ % MERE R 8%
B 5 BREHEDR Blo BEHEXEENM
Fig. 5 Distribution of target occlusion rate Fig. 6 Distribution of incremental occlusion rate

3.4 L

S I A BT R PR B M BB L 1k B Motr™™ | TransMOTY | ByteTrack"'* | FairMOT""™ | CenterTrack™'® |
JDES " R 3 I P U T e SR S 1L 2 B L O T FH L2 R 0 i AR
B TP B RE WG 2 B B B B T oK . X ByteTrack, A #5581 2 H A BB K JE (multiple object
tracking accuracy, MOTA) #F+ 0. 3% , B 11 I 51 43 $X (identification F1 score, IDF1)# 7 0. 5% , H #5 & 147
4% (Identity switch, IDs) P82 5 789 ¥k, & 2 W ER 5 2R 22 10 2 2 LR U2 22 45 T+ 18] IDs IR b A UL AH 2L
BT . REHEBLE PR UL, R OGRS R AL S IR T . LA R EH N A BUR & Y5
TGRS B4, X L ByteTrack, 4 BF 58 B 8 i) MOTA 42 F+ 10. 6%, IDF1 $2& 7+ 9. 8%, B 5 sk SR W &
.
3.5 HREAKI

Bt L3 B 20 AN HRA , L Deep Sort™* Sy 3 28 X — YR S I R Uk S 6 A7 7 il S 96, 25 SR AN K 3 TR .
B3R 3 LU Y, 7E — YR OC I 1y BE il b 3 T 3 14 232 35000 A0 2 A5 BAE A B8 L MERLE RS 2R H AR 1y
MOTA TR 3. 1%, IDF1 NFgE 3%, EZFRTE T2 305 SRS B 3E M T AR B AR 00 5050 #E 3, 5
P A TION AN 2 U AT RS TR B AR 0 B0 e AR S TR B AT 230 R HERR T . RORHk
A HE B P i PR U B MOTA 4274 0. 8%, IDF1 487 0. 5%, IDs 37> 221 K., HERLMEPY K AEAR
7 L8R AT I I P AR T 23 R A BT 2 E AR A DL IX G T R AR BR ORGSR H AR E R AR
B e gxt G L BREEZS R A MOTA #2712, 5%, IDF1 $#2FF 15. 6 %, 1Ds B8 523 K.



- 118 - L AHBEKXFFROARFAFZ RO 2024 4% 5 #

F1 AEHERBEHEILEIE F2 HREHEIWHE IR

Table 1 Comparison experiment of non-stacked occlusion Table 2 Comparativeexperiments of stacked occlusion
(i) MOTA/ % IDF1/ % 1Ds/ K FEAY MOTA/ % IDF1/ % 1Ds/ R
JDEM 66. 3 65.9 1952 JDEM 29. 4 31.9 2 354
CenterTrack™™ 68.5 69. 4 1993 CenterTrack"™ 35.1 34.2 2 761
FairMOT!" 70.5 69.9 2186 FairMOT!" 36. 6 37.2 2 687
TransMOT! 76.5 74.9 1965 TransMOT!" 39.4 40.1 2 346
Motr-® 76.9 76.5 1962 Motr-® 42.6 10. 3 2 156
ByteTrack!'?) 80. 4 79.9 1761 ByteTrack!'?) 48.9 50.3 2 241
KRBT 80.7 80. 4 1 865 E NI 59.5 60. 1 1985

®3 HRXE

Table 3 Ablation experiment

B3| R MOTA/ % IDF1/ % IDs/ K
Deep Sort 79.3 78.7 963

Deep Sort+ 3k P45 (— R LB 79.3 78.7 1067

A HE R 4 2 Deep Sort =+l £ 5 + 2 K f5 B (— K KB 79.5 78.8 986
Deep Sort+ 3l P43 (R S 79.9 78.6 1095

Deep Sort+ £ 3 + 2 A7 B (TR KRB0 80.1 79.2 742

Deep Sort 40.2 35.9 2 374

Deep Sort+ 3l P43 (— R S 36.6 33.8 2 830

S B 2% Deep Sort 4% + JE K fF A (— KK 37.1 32.9 2 587
Deep Sort+ il £4 23 ( R SCH) 37.8 34.7 2 861

Deep Sort+ 3£ 3R + 2 R A5 B (B 52.7 51.5 1851

LI S B 25 H B U Z F A H AR /B AR T PR I AR S £ AR BRI A 4 B 2R S AR A AN AT
FE o BT O IERS bR 4 SCIOR B Al B F AR R U BN B B A RO B L B N
TR o LU R AR PG AL R AR TBD U Al BT 108 FARAS I 4% 50 40 R0 2545 00 45 SR v fy s e LA
KD BRER R RE AR 252 BIAR KT 0. 340 5 i B ARz s R O T 19 A £ #0410 A2 2% 22748 . 24 o K AR 58
S AL B AT A AR DU LR

4 BREE5RE

He A BYWCHR 5 09 W P AU O 22 F A SRR 50 A1 o B0 S S RO 4 | 3 AR 4 A B R i Y L b SR IR X
B AE TBD R SE Al b 32 ) T Ab BR g 4 SCIRRERY | A5 AR 4 — U OGTBR 45 8, 1 H A gl DR 28 500 i) g ik
il L3l AR R WE Bz SR B AR R S B R B AR SGIK . BT X A BIUCR B T s R B 4 5k
F1% P 328 T4 [ AL, 5 281 0 e 5 3 TN R B 2 A B X B B O 3 s B RIS B9 bR U A L DR TIE R A
FUbR AU STk . — 20 AR R A P AN 7 T« — 2 Ao A ke 24 30 52 vh g il B B S LA AL 5 20
BR B A A, R AT AR R R I 4 2R ARG BE L A X R Y A AR
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