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A multi-object tracking method based on long-term and short-term
hypergraph neural network matching

GUO Wen, LIU Qi-gui, WANG Tuo, DING Xin-miao'

(School of Information and Electronic Engineering, Shandong Technology and Business University, Yantai
264005, China)

Abstract: Addressing the issues of competition between detection features and Re-ID features in joint detection and
embedding multi-object tracking methods, as well as difficulties in maintaining visual consistency for occluded targets
in complex scenes, we propose an end-to-end hypergraph neural network matching tracking method, named
HGTracker. Firstly, the HGTracker introduces an enhanced spatial pyramid pooling networks (ESPPNet) module to
enhance the detection capability of the target detection backbone network. This module aggregates features from
different dimensions to adapt to different tasks in the tracking process, effectively alleviating the issue of competition
between detection and Re-ID tasks in one-stage multi-object tracking methods. Secondly, it introduces a short-term and
long-term hypergraph neural network matching module, which designs long-term and short-term hypergraph neural
networks to associate unoccluded and occluded detection visual features. It transforms the data association problem into
a hypergraph matching problem between trajectory hypergraphs and detection hypergraphs. The tracker models the
relationship between trajectory segment information and the current detection frame information as a hypergraph neural
network, maintaining visual trajectory consistency under severe occlusion. Through a series of comparative
experiments, compared to the FairMOT tracking method on the MOT17 dataset, the proposed tracking method
increases the HOTA value from 59.3 % to 61.4 %, the IDF1 value from 73.7 % to 79.3 %, and the MOTA value from
72.3 % to 76.9 %; on the MOT20 dataset, the HOTA value is increased from 54.6 % to 57.9 %, the IDF1 value from
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61.8 % to 73.1 %, and the MOTA value from 67.3 % to 75.1 %.
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N
_ [TPA(c)|

A = TPA £ [FNA(Q)[ £ [FPA@)] 9
TPA(c) A EIERECHIEE, FNA(c) MR 51 BT
&, FPA(c) MBIEREX % E. TPA(c). FNA(c)
FIFPA (c) 55N
TPA(c) = {k},

k € {TP|prID(k) = prID(c) A gtID(k) =

gtID(e) }; (17)
FNA(S) = {k),

ke {TP|prID(k)#prID(c) A gtID(k) =

gID()} UFN[gtID(k) = gtID(0)}:  (18)
FPA(c) = (),

k € {TP|prID(k) = prID(c) A gtID(k) #

gtID(c)} U{FP|gtID(k) = gtID(c)}. (19)
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T B8 IE R T e 22 D 4% £ v B 5 A A U R
R BRI SR A R, Xt P Ao 2 I 2% PR AN R e o 45
FE B BOEAT TIHRL LR, SEIR A R IR 1 P,
It 5 b P 2 X 45 1) v B 45 U2 B 20 2, MOTA A
IDF1 th 2 3L 3 v ke 3. 1X— %R, fE 52
I 2 — BUPE I, i S5 A5 B 0% AR L R 56 &
AL BE D9 R AR, b T e B Al A R T AR



%34

3L F AT RENLEANZE WL TG S B ARIRIZ 859

W (O((npnr)t), t N, FEARCHEARZEL
3 B e B A P A 22 2%
£l BEMENERSNELER

M8 ¢ 3T BRER SR A S0 %
{ HOTA? MOTA{ |IDFIt FP|  FN| IDs| Hzf
1 57.7 70.4 713 1367 11762 382 259
2 586 713 733 1257 13762 282 213
3 58.9 715 73.6 1081 12219 215 1838

N T SR UE AR SC AT (RSO BR R AR ()
XA SCHEZE b (A HEAT T il sz B, SI2ae 4 SR
% 2 Fion. L MOTA #8451 1 JE K7, ESPPNet itk
BER e TR A% 0 BR B UE 6, MOTA #2 5
3.3 NES R (M 69.3 %3ETHEE 72.6 %); MM IDF1 $5kx
)R FER T, B I DU G AR B B S 42 v 17 R ICRG 2,
IDF1 8/ 7 2.5 NE R (A 72.1 % $3-THE 74.6 %).
FEH., BT ARSI T o B v 2 21 77, 4PN
DI, RSB PERE TR AR B T RO R T, Ho
HOTA #2517 2.1 INE5r AL (M 56.5 % $-F+% 58.6 %),
MOTA #7774 NE 451 R (M 69.3 % $2F+ 2 73.3 %),
IDF1 &7+ 1 2.8 N E 73 5 (A 72.1 % $2FH 2 74.9 %).

F2  REMERM RSB SM %

Baseline ESPPNet Hypergraph HOTA? MOTA?T IDF11 IDs]

v 56.5 69.3 72.1 239
v v 57.0 72.6 72.4 193
v v 57.8 70.5 746 207
v v v 58.6 73.3 749 194

R3S T AT P e 2 X 4 UG S AN R S 4

EEAD X R R ORI, 35 4 o 1K P

0 2 UL FE FR AN [ 2 B b 5 R B 0CR B 5 . T LA

A Y, J0 18R K Y P UG PR R B 2 e 300 1 DL e

B, Lop 355K BRER IR (S W AR BN HE 22, e AL,
R3 GHIRBEMENLE LA R

S 30 bE A5 3 BRER SR AU 22078 %

A\ A )\s  HOTA{  MOTA?  IDFI}  IDs|
1 0 0 56.3 69.2 72.1 239

1 1 1 56.9 69.9 727 208

1 1 0.1 56.5 703 72.1 239

1 0.1 1 59.5 71.3 74.1 256

1 1 10 57.0 716 71.7 188

1 10 1 573 70.7 724 193

0.1 1 1 57.8 705 71.1 206
0.1 1 10 57.2 71.5 71.6 239
0.1 10 1 57.9 712 733 224
10 1 0.1 58.8 713 742 211
10 01 1 58.1 71.6 72.6 206
10 1 1 59.6 71.9 75.9 194

24 KUBERERELR SRR

S L I3 BREFSUR AU R0 %

A As HOTA? MOTA1? IDF11 IDs|
1 0 56.3 69.2 72.1 239
1 1 57.0 69.6 729 203
1 10 58.5 70.9 73.1 239
10 0.1 575 713 72.0 210
10 1 59.1 733 75.6 178

Loos R Ly AT LA Bl SR B8 28 0EAT 56 & 0 1) CBK.
KIMEATUMAE, UN =100 A, =1, N5 =1
IR, R S0 P o 2 T 2 A5 Hle BRI 1P R B 8 04 31 B A
N, = 10 F1 N, = 1 i, KA P 4o 4 o 2 A B iR
BT RERENE IR B R AR.

T 2553 W AN 6] o BB R R B A5CR s
A SCAE MOT17 $4 4 _E A1 MOT20 %4 4 b X A
7] o B BEAT SEI0 I AIE, 45 sk 5 Fk 6 fin. H
S ATLIEH, £ MOT17 B4 E24 o B 0.4 I AT
DUIA B B iF M ERER M RE; B3R 6 R LLE Hh, £ MOT20
HHmEE F2Y o 0.3 B ] DL B8 U 1 R R M e
HT MOT20 S At T 2548, 2Lk MOT17 4
it £ A 1Y) R .

#z5 MOT17 HEELARFE o BE

X BR ERSSUSR A9 £2 0 %
o HOTA? MOTA1 IDF11 IDs|
0.6 59.3 75.9 715 5018
0.5 60.5 75.6 77.1 5239
04 61.4 76.9 79.3 4062
03 59.9 76.3 76.9 4203

%6 MOT20 HIEE L FE o BUE

X ER ERSSUER HO 520 %
@ HOTA? MOTA? IDF11 IDs|
0.6 56.2 72.1 70.1 3063
0.5 56.4 70.9 73.1 2939
0.4 57.5 71.3 72.0 2910
0.3 57.9 75.0 73.1 2280
0.2 57.1 74.0 71.1 2828

O 6 S N A ot 1 45 22 T F i) I e S 36 445
RIS, 0F A N T B8 7 PR AN [ AL A 7 Vi ik ST 3, 45
RN 7 PR, Hr = ORHACRDUAUE A T 4 it
BER, R ZWEBREE. ATUEH, H7 =1
I ) LAE B B O BRER TR RE, AT e A2 BT A SCR LT
R X A Q08 it -2 1) 2 47 Pl A0 2 A 2% S A6, T
il B e R 2 DL G 58 T 25 H AR BRIER P 2 ORI
IR U RS AT R Y e =t R, B TR
IS FF (PElcE = D), BRIEE H AR AP IAE B 2K
AEGRAR ISR, T H AR AR 5
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(b) MOT20

&5 HGTracker IREFSRERATHLIL

FR7  TREIBARIEER T 3 REMRAENE %
T AR HOTA? MOTA? IDF11
0 & 56.5 69.3 72.1
0 El 57.9 73.0 73.9
1 f 58.6 73.3 74.9
2 A 58.0 73.1 73.6
3 f 57.9 72.6 72.7

5 &7~ T HGTracker BRER %% 7E MOT £ 4 48
R ER S BT RAL, W DLE AR SO R A B
TSR
24 HIATFENE

AT 3P EUEA S HGTracker 7775 RIA 201,
ER 8 4 T A H YL HGTracker 5471 £ £ H
bR ER S AE MOT17 AR B 45 AT L. dnsk 8
i 7R, HGTracker /£ HOTA. MOTA FI IDF1 4845 -

J3THl, A3CLE FairtMOT ()24l FAFH T ESPPNet FFIE
SR A MR T FairMOT'™ rp 7278 FRAS AT
1 ID R NRFEA B 5w 4 1 i), 325 7 HGTracker )
FrllVERE. 7E IDF1 WA FaFRJ71H, T4 HGTracker
PR 2 T o 28 D) 25 UC PSR o T ) 24 ) DG e B
EFAR, IF H A HGTracker PR i 2% 10K 46 1488 K
22 ) 2% UL O ASS B B I DGV AL 0 A5 R — Bk, A
5 7% EE 4 P 5 0 5 B R B 2 4 B e b S B
b4k, 7E HOTA VPR FE A7 7 T, AHR T oAt 56T Pl
S 25 1) % H AR R ER 7 8 T B P AS BREAE, A
SR o 4 X 4 ST DL U 1y
B P45 SRR AIE, 34 B8 0 O VR R 1 R 2 H b AR i
—HHEK R, I HOTA Fab57] LA H, A HGTracker
PREZIRAN T 4R ZHOE T B E NS — B 2 B

MTREZH TR BERER 7. 72 MOTA PPN FRAR  AREREE T .
RS AN EE MOT1T BBE L SE MG EE R %

ik RFER HOTA MOTA IDF1 IDs FP FN FPS
CenterTrack"” CVPR2021 482 59.6 61.5 2583 14076 200 672 17.0
SOTMOT™ CVPR2021 - 71.9 71.0 5184 39 537 118 983 16.0
MOTR™ ECCV2022 57.8 68.6 73.4 2439 20 268 133 440 45
MAT™ Neurocomputing2022 56.0 69.2 67.1 1279 22756 161 547 11.5
GSDT"™ ICRA2021 55.5 68.7 66.2 3318 43 368 144 261 4.9

MeMOT"” CVPR2022 56.9 69.0 725 2724 37221 115248 -
YOLOTracker"” PR2022 53.5 65.1 67.1 4983 37701 142914 24.9

GMTracker"” CVPR2021 54.0 68.7 65.0 2200 18213 177 058 -
FairMOT'" 1JCV2021 59.3 723 73.7 3303 27507 117 477 18.9
CSTrack™ TIP2022 59.3 72.6 74.9 3567 23 847 114 303 15.8
CTracker™! ECCV2020 49.0 61.2 66.6 5529 22284 160 491 34.4
Trackformer™ CVPR2022 573 68.0 74.1 2829 34 602 108 777 5.7
PermaTrack™ ICCV2021 55.5 68.9 73.8 3699 28 998 115 104 11.9

SGT™ WACV2023 60.6 72.8 76.4 4578 25983 102 984 -
CorrTracker™ CVPR2021 60.7 73.6 76.5 3369 29 808 99 510 15.6
ours - 61.4 76.9 79.3 4062 25515 100 539 18.8




ERE L F AT RAEMAREAYE ML EEG S B ARIRIZ 861
R AXFHEE MOT20 #iiRE 5 HM AL RIS %

WARES R HOTA MOTA IDF1 IDs FP FN FPS
FairMOT" 1ICV2021 54.6 67.3 61.8 7874 103 440 88 901 13.2
CSTrack™ TIP2022 54.0 68.6 66.6 3196 25 404 144 358 4.5
RelationTrack™ TMM2023 55.1 67.9 60.6 5686 112 927 85062 3.0
SGT™ WACV2023 56.9 70.5 72.8 2853 33204 93 612 1.8
GSDT"™ ICRA2021 53.6 67.5 67.1 3131 31913 135 409 0.9
Trackformer™ CVPR2022 54.7 65.7 68.6 2474 20 348 140 373 5.7
MAA®” WACV2022 57.3 73.9 712 2331 24942 108 744 14.7
DecodeMOT™ TIP2023 54.5 67.2 69.0 2 805 35217 131 502 12.2
ours - 57.9 75.0 73.1 2280 26 759 100 594 9.6

945 T AL HGTracker 547 £ %
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