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Pedestrian Multi-object Tracking Combining Discriminative Appearance and Motion Cues

WANG Jun, LI Ying-Chun, CHENG Yong
(School of Software, Nanjing University of Information Science & Technology, Nanjing 210044, China)

Abstract: In multi-object tracking tasks, the interference of external noise can lead to unreliable system modeling of
traditional methods, thus reducing the accuracy of object position prediction; and the congestion and obstruction caused
by dense crowds seriously affect the reliability of the object appearance, resulting in incorrect identity association. To
address these issues, this study proposes a multi-object tracking algorithm Ecsort. This algorithm improves position
prediction accuracy by introducing a noise compensation module based on traditional motion prediction to reduce errors
caused by noise interference. Secondly, this algorithm introduces a feature similarity matching module. It can achieve
accurate identity association by learning discriminative appearance features of objects and combining the advantages of
motion cues and discriminative\'appeéralklce features. Extensive experimental results on multi-object tracking benchmark
datasets demonstrate that, dompared to the baseline model, this method improves ID F1 score (IDF1), higher order
tracking accuracy (HOTA), association accuracy (AssA), and detection accuracy (DetA) by 1.1%, 0.5%, 0.6%, and 0.3%
respectively on the MOT17 test set, and by 2.3%, 1.9%, 3.4%, and 0.2% respectively on the MOT20 test set.
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MOT17 il MOT20 45 I %k 60 epoch HIERINIIZ5
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SEHLA AT BT A SEE #RAE Intel(R) Xeon(R)
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MOTA=1-

17 ASCHIFEEL (baseline) - ByteTrack, fill 4k

7 A1 ByteTrack #H Al YOLOX, >R B i 1 e 64T A
PR E A, A S AE ByteTrack, £ MOTT7 Kb 4k
AT AT BT SER T, i Yiows Unign
S E N 0.9,0.8 f10.7, Ko BEE N 0.5, CF1A53 5
WE 0.8 F 1. FARRHRTE 2, Al o> BRI A 7 i i B
RBRNE 0.6, WS FME DR - o Ry HUAS [RIE F 11 2R BE
BRI 1, LI LSRR, Ho=1 fly=1 K, IDF1
% baseline $&7+ T 0.8, FE4EH) IDs Ji/b T 5, ik 3B fE
PREFZCR. AR BE R BN 0.2, W RN 5%k
() R AFLACLBE /N T BRI, TR Z8 DG HC. AR STX emp A 7iou
WA T RS, 2 memp A miou AN [ BRI (0T IS, R
ERCR A T2 7, WK 2 Fa LA H, X 97emp=0.3,
Miou=0.3, ERER R B UF, P2 E 1 IDs /b, BRERFE AR

JE. X TG 5 EMA SR, £ MOT17 Bk B 7 R
TR SEEG, SRaG A RNk 3 iR, Ma L 0.5 B, MOTA
FVIDF1 43 SIS SR, BRER AR A B B A, 7242 IDs
WE D, FREZACRIA B AR, 3 5 R Tk B X (11)
B, 0T 2 AR, G RAE 30 Mty FE O H I, K fR
BE e AT, AR i = T B 2 ek 0 3 L ) B K T B
4 20, DARME A 1)k 2%
# 1 MOT17 WiFEE R 6yl S H S5

o y MOTA (%) IDF1 (%) IDs
1 2 76.1 N 7.6 339
1 1 766 7801 242
0 L 76.6 . 79.3 247
0 L 2} 75.7 77.5 408
2 - 76.4 77.8 314
24 1 76.6 79.9 249
1.5 1 76.6 79.9 249
v 0 — — —
1 0.5 76.5 79.0 254
0 0.5 76.5 79.0 268
2 0.5 76.5 78.9 256
1 0.3 76.6 78.7 254
2 0.3 76.5 78.6 255
0 0.3 76.5 78.9 265
1 0.8 76.6 79.5 255
0 0.8 76.6 79.3 254
2 0.8 76.6 79.4 252

e —REA XTI B
# 2 MOT17 BEEE ) emb Fliion 7 BUE 5255

Hemb Miou MOTA (%) \IDEL (%) IDs
0.6 0.6 754 - 748 274
0.5 06 § s 74.8 267
0.6 .05 - 76.0 77.4 248
05 0.5 76.0 77.6 251
0.4 0.5 75.9 77.8 250
05 0.4 77.1 80.1 178
0.4 0.4 77.1 795 175
03 0.4 77.1 80.3 192
0.4 0.3 76.9 80.4 174
03 0.3 77.0 80.5 177
02 0.3 76.8 80.3 184
03 0.2 76.7 80.7 187
02 0.2 76.5 80.7 194

3.2 HRRSELS

TG, BEAT I @l ST Sk 56 IE A AL B AN R
B DTk, A S FE BT B R AR B e Re, B DL E A
ByteTrack (1) YOLOx #:l#%. AT A~V EbE:, By sEig
FREFZHUAN baseline 1H A 152 B # 2 AR [F 1. 7EATT 1,
B8 UIF T 75 52 A HURIRR AU AH AL FE VL AR ER X baseline
M52, 5 baseline #H G, 7E MOT17 3&iiF££ |, Hg 5]
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NI AMEE RS MOTA. IDF1 [T fig 23 5l 42 T+
0.1, 0.8, 7*4E 1 ID switch A% T baseline Jik/b> T 19,
FBR G NRFAE AR BLBE T FC AR R MOTA . IDF1 ¥
RerAFETE 0.2. 0.9, F=A: 1 ID switch Jik/> T 20. ¥
MRS JE IR MOTA. IDF1 18 7 B3 T
0.4, 1.2, F*4E K ID switch Jik/b T 29, Wk 4 fow. &
6 5 R 2% W M 75 M52 RS HURTARE IR AF B BE DT RS ASE B ) 5
N AT A S 3 B 5 K (1) FOU0 R0 B A 1) ST AR SO
o PREREE R ATk, Wl 5. Bl 6 K.

3 MOTI17 WL SER o RABUE SR

a, MOTA (%) IDF1 (%) IDs
0.9 76.8 80.4 182
0.8 76.8 80.5 189
0.7 76.8 80.5 189
0.6 76.8 80.4 L8
0.5 77.0 80.5 >
0.4 76.9 : 80.5 | 177
03 769 N, 805 178
0.2 768 L 80.5 179
0.1 76.8 80.4 182

24 MOTL7 BiiF 5 i Fh s 46

MEFEAME  RFEARALEICES  MOTA (%)  IDF1 (%)  IDs
x x 76.6 79.3 206
x N 76.8 80.2 186
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IR 2 YRR AR I IS B AL 2 5 3G R 25 AR, AR T
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N H SRR ID 283k 67, (d1) 71 ID Ny 37 F1 33 f47
NH SR ID P13 Rk 7 33 37. 1M Ecsort i i 2% >
WA (1 0 73 M A DA IE B 26 2 SR R B RS A 5 3 55,
HA s> 1D 4, F1an & 9 H (a2)—(d2) Bk,
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B8 R IR S M5 T H AR B fr B AR R

-

1D switch 1

.

KO 6 B2 A 08 HT AN LR 200 BRER 1 BE OS2

AICESE ToU J77%A1 Ecsort £ A FH 4 1] &
J7 R REJHEAT T UL, PIRRAL 25 R 9 PR, Se
WEBH AR AR AR BLRE DT FC B (1A 2. e Ak, AT 0
AIEAHACLE DL BC A E A 1V RIE 9, SIZER 3% W AR AIE B2 3
FIEHE R BARERTE MOTA A1 IDF1 485 J5 AR HeE = T
PERE, #5G J0R/D T 1D switch, 45 U1K 5 FiR. A

F3R 4 BIEE R v AL, WiE 9 Fros. Bl 9(al)—(d1),
KHIZBNZ% (IoU) F T8 24 51K -5 Py sk Bzt A DT
Fic, 722 T 1D switch; & 9(a2)—~(d2), fif FHRFAEAHLLEE UL
B B e 2 > H b 1 0 1 1R A A HE FIE 3h 2k R, A5 3K
W T 1D switch. AT ARALSSE FUEBA T RFAEAH AL RE VT AL
BEH = T H br & iy R BRVERE, WT DU RUR w4 B AN
RSN B SR 1R ) L
5 MOTI17 5o iFAEAFAE AR LA E UC BRI 7 il S 5

FRHEAR LB VL AT
EREMA  mprm | MO (0/\ \IDFI (%)  IDs
x x4 769 76.4 309
x \ Vi 76.7 80.1 187
VA YSRT 763 296
LA V 76.8 80.2 186
&

34 EETEH

AICK Ecsort 5 i ot R ER 48 /£ MOT17 A
MOT20 JR4E BT L, B 45 FARK 8 & 7 1
MOTChallenge %55 %%, 45 R0 6-3% 9 Fis.

MOT17 MK 25 R ik 6. 3 7 Bz, Ecsort
V2 FEE48 P (W0 IDF1. HOTA. AssA #ll DetA) I
T BT e et BRI 2. 5 TBD 7l A ER B s LE,
BRIEE S Ecsort 7F IDF1. HOTA. AssA. DetA. IDs £
REFR R 77 TR I AT; 5 IDT Ju X ERER 2R AH LL, Ecsort
£ MOTA. IDF1. HOTA. AssA. DetA 1EfETekrJ5
MR E MM T, SRBIREELS ‘yk;Track L, 7
MOT17 JiA4E I, Ecsort /£ IDFT. HOTA. AssA.
DetA J7 ifii FOFERE X B4R T T 1.1%. 0.5%. 0.6%.
0.3%, 7**/EH) ID switch Wb T 645, SIBIEI £ E4t

L UEBT TR SR

%6 £ MOT17 k4 b5 TBD 5 1B EE 7 0t b

Tracker MOTA (%) IDF1 (%) HOTA AssA DetA IDs
Tube_TK 63.0 58.6 48.0 451 514 4137
QuasiDense 68.7 66.3 539 527 556 3378
MAT 69.5 63.1 53.8 572 551 2844

SiamMOT 76.3 72.3 — — — —
CountingSort 78.0 74.8 — — — 3453
OcSort 78.0 77.5 63.2 — — 1950
ByteTrack 80.3 77.3 63.1 62.0 645 2196
Ours 80.2 78.4 63.6 62.6 648 1551

MOT20 MR A4 R MOT20 # ik A2 Mg o
B EARMEEMENNR, 5 MOT17 #tk, MOT20 14
FrRIPH 2375 oM &, 3 8. £ 9 iR, fEIXANTE
AP 354, 5 TBD yuzlH L, Ecsort 7 IDF1.
HOTA. AssA. DetA MEfefatn FHH A HE —; 5
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IDT JEx0AH L, Ecsort £ JT A ML RE T b5 7 T #AT W 42 4%
J;. 5348 ByteTrack A tk, Ecsort £ IDF1, HOTA,
AssA, DetA YEREA TH 70 5l3 = T 2.3%, 1.9%, 3.4%,
0.2%, MAREE IR e $ETHIE B T B o7 vk (i & pe k.

£ 7 18 MOT17 W4 L5 IDT Jual R ERE: Jriixt b

Tracker MOTA (%) IDF1 (%) HOTA AssA DetA IDs

MOTR 65.1 66.4 — 557 603 2049
CTracker 66.6 57.4 49.0 — — 5529
CenterTrack 67.8 64.7 522  51.0 53.8 3039
SOTMOT 71.0 71.9 — — — 5184
TransCenter 73.2 62.2 54.5 — — 4614
FairMOT 73.7 72.3 59.3 58.0 60.9 3303
RelationTrack 73.8 74.7 61.0 61.5 606 1374
PermaTrackPr 73.8 68.9 555 531 585 3699
CsTrack 74.9 72.6 59.3 579 61.1 3567
TransTrack 75.2 63.5 541 479 61.6 3603
CorrTracker 76.5 73.6 60.7 589 629 3369

Ours 80.2 78.4 63.6 62.6 648 1551

b

#
h

£8 {8 MOT20 JURAEE 1% TBD i s B 7t He

Tracker =~ MOTA (%) IDF1 (%) HOTA AssA DetA IDs

MLT 48.9 54.6 43.2 — — 2187
Tracktor++ 52.6 52.7 42.1 420 423 1648
MPNTrack 57.6 59.1 46.8 473 46.6 1210
SiamMOT 67.1 69.1 — — — —

OcSort 75.7 76.3 624 608 60.5 942
ByteTrack 77.8 75.2 61.3 59.6 634 1223
Ours 71.4 71.5 63.2 630 63.6 1266

£ 9 1£ MOT20 MikEE 5 IDT Jua R ikxt b

Tracker MOTA (%) IDF1 (%) HOTA AssA DetA IDs

SOTMOT 68.6 71.4 432 573 577 4209
TransCenter 61.9 50.4 — — 423 4653
FairMOT 61.8 67.3 54.6 547 547 5243
RelationTrack 67.2 70.5 56.5 564 56.8 4243
CsTrack 66.6 68.6 540 54.0 542 3196
TransTrack 65.0 59.4 48.5 — — 3608
CorrTracker 65.2 69.1 — — — 5183
Semi-TCL 65.2 70.1 58— — 4139
Ours 77.4 77.5 & 632 63.0 63.6 1266

4 g5k
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B0 51 N AT LA /N B 37 55 M 75 5] ke A i 22, i
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SN T R A A VLM B AR R S E. MOT17
AT MOT20 ##54E ERIZ KK T Ecsort A R
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