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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 appearance features. Extensive experimental results on multi-object tracking benchmark
datasets demonstrate that, compared to the baseline model, this method improves ID F1 score (/DF1), 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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AT LT AT, AE A LI, K ais s Yiow s Whigh
S ABEE N 0.9, 0.8 A1 0.7, Ko B E N 0.5, A5
WHEN 0.8 Fl 1. & ARFFRSR &, frill 7 B w4
RBRE 0.6, WS FME DR - o Ry HUAS [RI A B 11 2R B2
BRI 1, LI RERY, Mo=1 fly=1 K, IDF1
Xt baseline F2F+ T 0.8, P24 IDs /0 T 5, iIE R &
PREFZCR. AR BE R E N 0.2, W RN 5%k
() R ARLACLBE /N T BRI, TUHE 28 DT HE. R S5 empb A 7iou
WA T REE LIS, 2 Demb Fmion A [F] FRAEL AT B, 2R
ERCR AT 2 7, WK 2 Fa LA H, X 97emp=0.3,
Niou=0.3, ERER R S 4F, ;A 1) IDs s /b, FRIEEHE R
JE. W TG 5 EMA SElg, /£ MOT17 %k 4 B4 T

RPE L, SR E Rk 3 Fiw, Mae 4 0.5 i,
MOTA M IDF1 53 3| A5 s A, BRERBOR L B i i, 7~
A1) IDs W/ BRER ORI Bl . W R R 7 i E
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L, R OR BR BT, DA PR EE IR R M S A A
R K TET R A 20, DARME Ao il ) i 25

F 1 MOTI17 BiFE R My S H L%

o 7 MOTA (%) IDF1 (%) IDs
1 2 76.1 776 339
1 1 76.6 80.1 242
0 1 76.6 79.3 247
0 2 75.7 775 408
2 2 76.4 77.8 314
2 1 76.6 79.9 249

15 1 76.6 79.9 249

-1 v _ _ _
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

VE: — AR X FPE B
# 2 MOT17 B UESE K Nemb FH 1iou 72 85U SELG

Nemb Miou MOTA (%) IDF1 (%) IDs
0.6 0.6 75.4 74.8 274
0.5 0.6 75.4 74.8 267
0.6 0.5 76.0 77.4 248
0.5 0.5 76.0 77.6 251
0.4 0.5 75.9 71.8 250
0.5 0.4 77.1 80.1 178
0.4 0.4 77.1 79.5 175
0.3 0.4 77.1 80.3 192
0.4 0.3 76.9 80.4 174
0.3 0.3 77.0 80.5 177
0.2 0.3 76.8 80.3 184
0.3 0.2 76.7 80.7 187
0.2 0.2 76.5 80.7 194
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TS, AT T A S0 R 56 E A B Ak B S 4 R )
M DTHR. A8 S E OB BR A PR RE, BT DL B # 48 A
Bytetrack [ YOLOx il 48, v T A FHLER, BT sEit )
FRERZHUAN baseline B HAt 15 B # AR R 1), £,
T8 IF M 75 M2 ASE B R ARR AU AR AL FE DU FC AR KT baseline
HI52m1. 5 baseline #H LG, 7E MOT17 BeiF£E b, HAk5]
N MR RS MOTA . IDF1 KPG8 5 B2 T+
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AeZr R TE 0.20 0.9, 72 ID switch J8/b T 20. P
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o ERIERES R AP AT, in & 5. K 6 PR,

3 MOTI7 BiFEM o, RBUE 5%

o, 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 80.4 187
0.5 71.0 80.5 177
0.4 76.9 80.5 177
0.3 76.9 80.5 178
0.2 76.8 80.5 179
0.1 76.8 80.4 182

4 MOTI17 WL SE i Rl sz e
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x x 76.6 793 206
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YA (1 30590 M A DRI IE B 26 2 SR M RS R B 3 55,
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JITHIRE JJHEAT T Hedse, rT A G Rl 9 o, SE56
EBA T REAE AR BLRE UL RO RS R A 0. Ak, AR5 X R
FIEARBL 2 VT BCASE B i T 9 AR 7T, S0 3R B R AE 58 57
IR SR B ARERAE MOTA R IDF1 855 )5 TH #$E 5
PERE, G B8/ T 1D switch, 45 1% 5 fion. A
R4 MR Aok, w9 Fras. B9 Hm
(al)~(d1), SRHZENEZE (IoU) HTH 4 a5 L
A VGHED, 7242 T ID switch; 7E18 9 H ) (a2)—(d2),
{8 R RRAE AR DL RS DT O A 5 2 = H b 1R 40 30 1 A SRR AGE
MIZBhZE R, B X085 T 1D switch, RIALALZE FAIEH T
FRAEAHAL FE DL RO AR LB 5 1 H bs £ 4 S IBC I R, AT LA
A RS RAR GRS 1 55T B 3 DI 1% 7] 2L

K5 MOTI17 BilF 45 A AR DURE VT BB ) 94 o S 36

FHIEAR LS DL AT

EHEEMA BRI MOTA (%)  IDF1(%)  IDs
x x 76.9 76.4 309
x N 76.7 80.1 187
v x 713 76.3 296
v N 76.8 80.2 186

3.4 EETMN

ALK Ecsort 5 f A i I R ER 48 /£ MOT17 Al
MOT20 M4 FREAT L, T & REk A5 71
MOTChallenge lR55 %%, 45 R U1K 6% 9 Fios.

MOT17 MR L5 . WIsk 6. K 7 PR, Ecsort
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T BT et R 8. 5 TBD YoM ERER S8 AR L,
PREZ 2 Ecsort /£ IDF1. HOTA. AssA. DetA. IDs £
REFRR 7 TR I AT; 5 IDT Ju IR ERZS AH LL, Ecsort
£ MOTA. IDF1. HOTA. AssA. DetA LAESEFRTT
TR I P 5. 5 HE 28 R 5 48 Bytetrack #HLL, 7E
MOTI17 ik & L, Ecsort 7€ IDF1. HOTA. AssA.
DetA S HIFPERE R T 1.1% 0.5%+ 0.6%-
0.3%, =421 ID switch J8/b 1 645, MHXEE 1) Fa € $E T+
UERA T BT 7 0 B i

# 6 1EMOT17 Mik4E E 5 TBD JE AR ES 7365 e

Tracker MOTA (%) IDF1 (%) HOTA AssA DetA IDs
Tube TK 63.0 58.6 480 451 514 4137
QuasiDense 68.7 66.3 539 527 55.6 3378
MAT 69.5 63.1 538 572 551 2844

SiamMOT 76.3 72.3 — — — —
CountingSort 78.0 74.8 — — — 3453
OcSort 78.0 77.5 63.2 — — 1950
Bytetrack 80.3 71.3 63.1 62.0 645 2196
ours 80.2 78.4 63.6 62.6 64.8 1551



http://www.c-s-a.org.cn
http://www.c-s-a.org.cn
http://www.c-s-a.org.cn
http://www.c-s-a.org.cn
http://www.c-s-a.org.cn

i E RSN

http://www.c-s-a.org.cn

%7 £ MOT17 M4 £ 5 IDT Ju 200 BRI 7 V5 B

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

MOTR 65.1 66.4 — 55.7 603 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 59.3 580 609 3303
RelationTrack 73.8 74.7 61.0 61.5 60.6 1374
PermaTrackPr 73.8 68.9 55,5 531 585 3699
CsTrack 74.9 72.6 59.3 579 61.1 3567
TransTrack 75.2 63.5 54.1 479 61.6 3603
CorrTracker 76.5 73.6 60.7 589 629 3369
Ours 80.2 78.4 63.6 62.6 64.8 1551

MOT20 358 £E 9 45 5 MOT20 # A 942 Ak & 5
i R AR, 5 MOT17 A E, MOT20 (14
FrRIPH 237 2 oM 8, 3k 8. K 9 AR, fEIXANH
Bk 5, 5 TBD UM HL, Ecsort £
IDF1. HOTA. AssA. DetA VEfRETEFR T THIHEA 55—
5 IDT Ju UM B, Ecsort 75 BT M g 48 b5 77 T &1 A B
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AssA, DetA YERET T 73 Al 3 i 1 2.3%, 1.9%, 3.4%,
0.2%, MREE IR E B THIE I T AT 5 e k.

# 8 1£ MOT20 Mik4E 5 TBD JEUATERE: iR e

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 77.4 71.5 632 63.0 63.6 1266

£ 9 7 MOT20 M4 £ 5 IDT Ju 200 BRI 7 V5T 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 56.5 564 568 4243
CsTrack 66.6 68.6 540 540 542 3196
TransTrack 65.0 59.4 48.5 — — 3608
CorrTracker 65.2 69.1 — — — 5183
Semi-TCL 65.2 70.1 55.3 — — 4139
Ours 77.4 71.5 63.2 63.0 63.6 1266

4 it
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