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Association-Enhanced Multi-Object Tracking Based on Trajectory State Update
for Vehicle Turning Scenes
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1. School of Computer Science and Engineering, Xi’ an University of Technology, Xi’an, Shaanxi 710048, China; 2. Shaanxi Provincial
Key Laboratory of Network Computing and Security Technology, Xi’an, Shaanxi 710048, China

Abstract: Objective With the rapid development of intelligent transportation systems, vehicle multi-object tracking
(MOT) has become a fundamental technique for a wide range of traffic-oriented applications, including road video surveil-
lance, traffic event warning, vehicle behavior analysis, and intelligent traffic management. The goal of vehicle MOT is not
only to detect multiple vehicles in video frames, but also to maintain their identities over time and generate reliable trajecto-
ries under dynamically changing environments. However, in complex traffic scenes, especially those involving vehicle
turning, existing tracking methods often suffer from unstable cross-frame association. When a vehicle turns, its motion
direction and spatial position may change abruptly within a short period, while its appearance usually evolves more slowly.

This inconsistency in temporal variation makes trajectory state propagation difficult and easily leads to missed detections,
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identity switches, trajectory fragmentation, and inaccurate re-association. In addition, turning maneuvers frequently cause
short-term occlusion or temporary target disappearance. For these short-term lost trajectories, many existing methods sim-
ply preserve historical states or rely on delayed matching, without a dedicated update mechanism. As a result, the trajec-
tory representation gradually deviates from the current target state, reducing the robustness of subsequent association. To
address these issues, this study proposes an association-enhanced vehicle multi-object tracking method based on trajectory
state update, with the aim of improving association stability and continuity in vehicle turning scenarios. Method The pro-
posed method is designed from the perspective of trajectory state updating and focuses on two key challenges in turning
scenes: unstable state propagation for active trajectories and insufficient state maintenance for short-term lost trajectories.
First, to address the mismatch between fast-changing motion cues and slow-changing appearance cues during turning, a
fast-slow dual-timescale memory module is introduced. Instead of updating all trajectory information in a single stream, the
proposed module models appearance information and motion-information separately according to their different temporal
dynamics. Specifically, appearance-related features are treated as slow-varying states, while motion-related cues are
regarded as fast-varying states. These two types of information are recursively updated in parallel and then fused to obtain a
more stable and discriminative trajectory representation. This design reduces the mutual interference between heteroge-
neous cues during single-stream propagation and improves the robustness of state updating when vehicles undergo rapid
directional changes. Second, to handle the problem of short-term lost trajectories, a short-term lost trajectory state update
module is proposed. When a target is not detected for a limited period but has not yet been removed from the tracker,
directly preserving its previous embedding may cause the stored state to drift away from the target” s actual evolution. To
alleviate this issue, the proposed module performs state propagation for short-term lost trajectories by jointly considering
three types of information: the most recently updated trajectory embedding, the trend of bounding-box variation, and the
duration of disappearance. By integrating these cues, the tracker can estimate a more temporally consistent trajectory state
during the missing period, which is more favorable for re-association once the target reappears. In this way, the method
enhances the continuity of trajectory representation and reduces the risk of association failure caused by outdated or mis-
matched states. Overall, the proposed framework improves tracking from the state-update level rather than relying solely on
stronger detectors or post-processing association heuristics. Result Extensive experiments were conducted on the Fast-
Tracker, CityFlow, and TrafficMOT datasets to evaluate the effectiveness of the proposed method under different traffic con-
ditions. The experimental results demonstrate that the proposed approach achieves strong overall performance across all
three datasets and shows clear advantages on association-related metrics. In particular, the method obtains the best perfor-
mance on key tracking indicators such as HOTA "and AssA, while also showing superior behavior on identity- and
fragmentation-related measures including IDs and Frag. In addition, the method exhibits favorable trends on trajectory
quality metrics such as MT and ML, indicating that it can track a larger proportion of targets reliably and reduce the num-
ber of severely lost trajectories. These improvements suggest that the proposed trajectory state update strategy is effective in
mitigating association instability in turning scenarios. From a qualitative perspective, the method is better able to preserve
identity consistency during abrupt maneuvers, maintain track continuity when targets temporarily disappear, and reduce re-
association errors caused by state drift. Compared with methods that rely on single-stream trajectory propagation or lack
dedicated handling for short-term lost tracks, the proposed approach provides a more stable and adaptive state representa-
tion for both active and temporarily missing targets, thereby improving tracking robustness in complex traffic scenes. Con-
clusion This study proposes an association-enhanced vehicle multi-object tracking method based on trajectory state update
for complex traffic scenes. By introducing a fast-slow dual-timescale memory module and a short-term lost trajectory state
update module, the method improves the stability and continuity of trajectory association during vehicle turning. Experi-
mental results verify its effectiveness, and the proposed method can provide reliable trajectory support for applications such
as traffic monitoring, event warning, and intelligent transportation management.
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Table 1 Quantitative Comparison of Different Methods on the FastTracker Dataset

Tk HOTA AssA IDF1 IDs Frag MT ML DetA
StrongSORT++ 40.5 39.5 47.4 512 754 385 23.1 43.1
OC-SORT 40.7 39.7 47.0 519 761 38.2 235 435
MeMOTR 41.6 40.5 48.1 489 721 39.7 22.3 449
GeneralTrack 437 422 49.9 438 655 42.6 19.6 47.1
MOTIP 442 428 50.8 421 633 43.5 19.4 46.8
ZNYIRCS 443 428 50.6 413 621 43.4 19.0 47.0
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Table 2 Quantitative Comparison of Different Methods on the CityFlow Dataset

DRI HOTA AssA IDF1 IDs Frag MT ML DetA
StrongSORT++ 42.9 40.9 493 571 838 40.2 21.5 452
OC-SORT 43.1 41.1 49.0 564 827 40.0 21.4 45.9
MeMOTR 44.0 41.9 50.1 524 781 41.6 20.1 46.9
GeneralTrack 45.4 43.4 51.9 472 707 443 182 48.2
MOTIP 458 44.0 52.8 457 688 45.6 17.7 478
A5k 459 44.2 52.7 451 677 45.4 17.3 48.0
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Table 3 Quantitative Comparison of Different Methods on the TrafficMOT Dataset

ik HOTA AssA IDF1 IDs Frag MT ML DetA
StrongSORT++ 41.5 39.9 48.4 462 697 39.6 22.0 44.2
OC-SORT 41.4 39.7 48.0 470 705 39.2 222 447
MeMOTR 42.6 40.8 48.7 435 665 40.6 212 45.6
GeneralTrack 43.8 423 50.2 399 617 427 19.4 47.0
MOTIP 44.1 429 51.0 384 596 43.6 19.0 46.6
ARJ5 44.2 42.8 50.8 377 588 43.8 18.5 46.8

I RN B R

Frag B Al B 4 S W OC 6 A 1 , MIT F ML U g
% W B 6 52 H P £ R AR B E bR 2 TS BE 8 W Ak
PRI
3.3 XWRE

A I L) ResNet-50 5 Transformer Encoder fE
SHFRAE $E U T 4%, B R B 1k R I 7E COCO %
PB4 W40 77 DAB-Deformable-DETR AL E
YL Bt 2 25 52k MeMOTR f4 52 BR4015 , 5K BEHL
A0 5 BEAL AR BY A5 FL Rk B 1 5 Oy 5, IR A B
805 10 45 i % 800, K 11 fe KPRl 1536, LAk 4%
K AdamW , ®J 4557 2] 28Ry 2.0 x 107, IFAEYI 25
Ja WA T RV . P clip 45 B R A i 2 38 O
W, FH 2 WT3ZE 2538 i 22 5 it DA R AR 0] B4 B
ERIERE ) o 0 B RBAE LE PR UE 5 3Rk VRN e
BRI T, AR A L N E A A
it 0 4 s T B A L R A s A A R, AT T
ST b 56 UE A SC T4 R AT A A R
3.4 NLEKRWGERS

1) 5E =5 AT

T K2 H5RIMIMNBRATT B LT
HiAlh Z H br BR E5 J5 15 | 7F FastTracker , CityFlow &5
TrafficeMOT 8542 L BOPEREXT FL 2 R R ikl
R

D S 2 2 R U Sl R 1 RS 3 4
T, VR 51 K B30 25 2 1D Bk 720 ARG I HE T ) 45 31
%, T30 AssA FFE MT F BRI ML L FH  1Ds 3
JNA Frag 75, I #F— 45206 IDF1 1 HOTA 45 4%
B o % T 1 25 A o AN B P 2, 2 g ek
PERRASTHALE , LT ik A 2538 8w 25 H AR 4
BT ELIOIRAS , &gk SEa ok AssA R [ IDs B4 Hil Al Frag
TrE AN B2l MT F R ML TFE . R, 7220 42

WG e T I BRER R BRI, AN RE 5 1A I A 56
T , 0 T B LSS B O R A U 3 S R I
KEIRILRET]

MRKFE A7 HAE HOTA  AssA \IDs  Frag MT
ML A58 b BRI, Ul WA 5 ik e 08 A 20
SR A AT S e T B B OCHR AR E . Horb, IDs
1 Frag 5 4250 %% 55047 50 v 04 B 4y OR-A5 TN 00300 % 28
PESCR TN B, R 1 BR3P AT A =5
£ IS 5AK IDs 1 Frag, 1 B HRE W45 08 /D 4
RS AR T ) B D) A AR R S . X R
WA SO AL BR8P T R (R ER ER M e , 1T ELARE A%
SEAG B 2 2 A 0 25 T 5 i 1 I ) 1
I v W e R

StrongSORT++ Ml OC-SORT 45 J7 s P E%: 2%
it B R ARG U ATE | 471 WL A2 SO S 106 3 s 2 % ek
ST S (R TH XE DL B 23 5 25 K — 2 )
R, StrongSORT-++ 3= ZE A4S I 25 2 | iz 2y Tt I
HMWLARARLRE 47T OCHR , HAPL AR T X # FLi% 21z 3
H AR EA B R R AE A RE T o (HAE L S 5
o, ZE AR Bl ) R A ROBE AR A R, HLIRI S 2
A WARBLRE 85 v L 25 &) H) 55 AR WL DS TiC 5 32 2 13T
Y — P, DT Bl B 03 YR VA B I 2R L. OC-
SORT 5 I K& T WL 25 SR e it o 2 JCHR , WA HE 12
S AT HE 37 S BN A R0 8 25 A A A P R
U ) 7 B3 00 A DR i B st XL e 371 A B 25 AR 1
AFRE , T BOHEE T LI 4 DI P #5527 3 R

MeMOTR H FHIA T lZ i, 3 ik R ik —
ATt A HE L FRAT) R X 73 S WL 22 72 55 55 By ik
A5 B, AR 24 i 1 s e i — 25 Ak
2, MR 1 BRI ATLIE T, MeMOTR AH L Strong-
SORT++#1 OC-SORT 7£ HOTA , AssA 1 IDF1 %545 %5

© h[E KR KL AR



10

PEERBEF ik

JOURNAL OF IMAGE AND GRAPHICS

LT, UK B e A Bl T i L R
INEIEEENE o SR, AR G B i 25 sl AT 2k
I, B AR RS HE 3l 5 el 23 & A PR AL, B0
B9 D7 22045 55 W =z R) 7 A i AR 2
(R AT ] 8 H P IDs 1 Frag fi =5 A6 [R]85

HPE— 243 M7 1Ds Fl Frag ) 152 22 >k P 0] L A& #E
S Ul 25 oyt IRAE 2 A2 R I e 28 I AR LA
BRSPS S e o BURS A2 432 B0y 77 ) R 23 [
DB AR, Bl TE G- TH Hh 25 5 58 LEldER
FEHR A SRR o Pl R AL TE 2 A
HEBNFE S R AL R P b, H AR g Y
BRI 25 SRR T IS, A R S R LIRS AN RE
KR, AR B i iU h B AR 4 452 . City-
Flow H i 1 5L U 5 32 |, TrafficMOT Hh H A5 %
FER T, DR 1 R (] SR i B ek o AR Oy 3 ok PR
U ] RUBE SO A2 A5 B 2 T3 Bl 000 R 285 88 AR e
P, 388 2 0 25 R I R A AR e 5 e B
b0 CHRBE 7, L HE 1Ds Fl Frag I HUAS AR
4k

GeneralTrack A1 MOTIP J& 2% AV fi f 5 1) 6 b
T, UL BT AF (4 5 1 A6 3R 2 21 T B 0y A5y T
TS TR RCR . (AT VAT S AR AR I B30 i
e 5 OCIcRE J1 09T bR _EATY S 4l — e . filn
£ CityFlow X & 24 % 1 5 i 25 g e o i i)
Bl b, A7 ILAE AssA (IDs il Frag I A8 bREEH
G U B HOO A 25 5k — 52 ki sl R A A g g
I L) A L XS P B 5 . FE FastTracker Fl Traffic-
MOT |-, A J5 ¥ [ AEAE IDs  Frag 1 ML 248 bR | 1%
FRRLEE AL VRIS J5 B X A2 0 7 45 s AT L0
ERPE . BAORE AT AR T E ORI T
BURIR A B HERE T B

2) 5B

Kl 4 K55 E 641 5 /R T AR J5 i 7E Fast-
Tracker ., CityFlow \ TrafficMOT 4 5 |- it B i Al
T EE R . X T =R IET 541 5 AR
AN G5 590 3R 7R BB A X N B ¢ LB o 1 TR 142
Wi, 25 —AT AT LA I 2 S IR ER A IR 2R AT
o MOTIP () 3% 2% = i B ER 45 51 | 58 =47 I A4k
MeMOTR FYJELE = MR ERESE R o

B 4t ] LU Y 7E FastTracker £04 48 11 4%
Tk G —AT) TEE S = Wi rh G 2R 3 T B8R E 1) B
0y IR A A, A7 e 25 220 1Y) e e 0% 1 2 IR F+5

MOTIP (55 =47 ) #E 55 1+1 i 2 565 +2 Wi 22 ], A7 ]
ID1 425078 5 25 o AR v BT s R TR, B0 A
0 TP B ARAE SS e+ 2 W SOMR A T X H AR Y IE
B OCHK , JE2 MeMOTR (26 =47 ) 1Y [F]— 42 AE 2 1+ 1
T 28 555 ¢+ 2 Wi 2 [ [ AR 2R I, LRSS o+ 2 AR BB
YR JEAT B A5y, TS24 107 43 e B LA 1D, 3=
B A B U R R

MIEL 5 HA] DL E L TE CityFlow 30 g v, Ay
AT )TEE S = WIN IR 2R 35 T 3R 1 By
SRIRZE T, WG A 2240 1Y) U3 BB 8 Bl 32 8y [ AR
A HFSE T T, 10 FAE AL A A BRI 7 L S AR
6o MOTIP (25 A7 ) 7RSS ¢ W 2565 o+ 1 W2 1], ZE M
ID1 42075 5 25 3ok A v 0 B T e I 2 T, 6 0 i
A A R (B AR 2 WO T X% H bR
) TE B G I, (]I MOTTP f 195 400 76 255 24 4 14 11 SR AE
H LH T A I A S AR IR BV i FUHE R e
QX SR B A0 A ) i ) LS B R AT TR . R
MeMOTR (55 =47 ) 2 ¢ W2 55 e+2 Wi, 22 ID1 42
AR %25 1 AR RS T 2 SRS RN IR
AL TS AR R BT R o 5 RIS R
T ) 3 BERE X H BT HE MOTIP B8 ™ 5 ) i e
i .

MK 6 Fra] LA H, 7E TraffieMOT 5045 82, A%
T CR—AT) TEE L = WU R AR HF T B e &
Uy EREE T, 5645 BRA R Bk e % Bl iz 20 [ A8 Ak
FESL T, 0 FEAE BB Ay BR B 4 4 B A AR Ak
MOTIP (55 — A7) 765 ¢ Wi = 56 +1 Wi 8], ID4 45
FERE A AL R B T I R MOTIP X} 4% 45
AR 1 SR BT R B R S A A, /)
I SFAE SR i B R B G 0 2 1) I O LS A T
o FEZE MeMOTR (55 =47 ) 7E 26 ¢ U E 2R +1 D2
6], ID5 ZE40 A B8 PR 1 B AR/, LT IAE B
AH2E ID4 Z2 0 A Joml 25 2 75 55, R HA5IR S .
[Fi] Fof 27 25 22 400 1) 300 S RE T 5 It B8 30 52 38 MOTIP B

CEA TR T LB I, i
H AR Y32 3h 7 18] FN2s [ 437 B 8 S s ) Y PR AR 4k
M B S RE MG sh P RS e R e k. 2R
B RS AS B8 B B R B X R AR (B, 25 5 o
AR B I v T 320 RE T s D B LA B I 2 B 0y 1)
MG . MOTIP G £ BARiRER i — BN 1R
SC A R0 () 0, A S AE T B8 R Ao 1 B 4y

© h[E KR KL AR



W, X, KAk, P, B, =08
T 8 E R E 355 = M PUT IR S B 5 X B 58 & B AR R R

K4 FasiTracker 44 1T WAL XS L 25 5%

Fig. 4 Visual Comparison Results on the FastTracker Dataset
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Fig. 5 Visual Comparison Results on the CityFlow Dataset
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Fig. 6  Visual Comparison Results on the TrafficMOT Dataset
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Table 4 Ablation Experiment Results on the FastTracker Dataset

A0 Al A2 HOTA AssA IDF1
N 41.6 40.5 48.1
N N 44.0 42.6 50.1
N N 43.7 422 49.4
N N N 443 42.8 50.6

IDs  Frag MT ML DetA
489 721 39.7 22.3 44.9
421 634 43.2 19.5 46.8
438 654 42.6 20.1 46.7
413 621 43.4 19.0 47.0
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Table 5 Ablation Experiment Results on the TrafficMOT Dataset

A0 Al A2 HOTA AssA IDF1
N 42.6 40.8 48.7
N N 44.1 42.6 50.4
N N 43.9 422 49.8
N N N 442 42.8 50.8

IDs  Frag MT ML DetA
435 665 40.6 21.2 45.6
384 594 43.4 18.7 46.8
399 612 42.7 19.2 46.7
377 588 43.8 18.5 46.8
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