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Point cloud multitarget tracking algorithm based on
the constant turn rate and acceleration model

LU Jun, WANG Xudong, JI Guangyu, LI Yang
(College of Intelligent Systems Science and Engineering, Harbin Engineering University, Harbin 150001, China)

Abstract: To address the suboptimal performance of simple motion models in the context of multitarget tracking within
intricate driving environments, this paper proposes a point cloud-based multitarget tracking method that utilizes the con-
stant turn rate and acceleration (CTRA) model. By incorporating angular velocity into the motion model to describe ob-
ject trajectories, the method improves tracking accuracy during turning maneuvers. Furthermore, the velocity informa-
tion provided by the detection algorithm is leveraged to correct object speeds during trajectory updates, enhancing ro-
bustness under sudden velocity changes. Moreover, a confidence-based two-stage matching strategy is employed to mit-
igate the influence of low-confidence detections on tracking results. The proposed 3D object detection and tracking al-
gorithm is evaluated on the nuScenes validation set, and ablation studies are conducted to verify the effectiveness of
each module. Experimental results demonstrate that the CTRA-based point cloud multitarget tracking algorithm exhibits
superior performance in terms of tracking accuracy, significantly enhances performance in turning and abrupt velocity
change scenarios, and substantially reduces identity switches during tracking when compared to simple motion models.

Keywords: point cloud; multitarget tracking; deep learning; autonomous driving; confidence-based two-stage matching;

nonlinear dynamics; data association; Hungarian algorithm
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WA R 2 i 7 A A C AR R T LB T, 5 46
D[R] VC ELAC AN, ) 28 ) 3303w AR AR A ¢ 66 o 4R
4 ey /MR VS L o 76 AR A A0 0 B 24 7 g 2
FIVC BL ) o A o, AR (2 I — 2 TR
TG 00 ) A R v I AN 3 il e ¢ () DT i &5 2
R 30 SIS I 7 5 vl AV R ARG T S R R
& H bR AT A7 A6 Y B B A, S SO B
fEAR BN AT, 1 10 52 el A 0 ATE A5 50 100 7 A 12
BAAF BT 72 A B S AERR AR AR, T BE S S a8k al
TR 119 VG i 45 55 587 00 B T B 5 i 003 1) o
BE o R G AT A R ARG 0 A R B o R P A TR A R
TR, A SOl — b R 1 8 1 B i T B B
DT B SR m, SR i) D AR T S TR

BiE B BORER AR D

BN - LBF 210 T 5 iF 20 5 0 K ) 4%
R Dygn 3 1 B 2P A Kz I 45 SR Dy, o

W AZBGET,

1) for track in 7,_, do

2) track«—ExtendKalmerFilterPredict(track)
3)end

4) /* S —Br BOCHER */

5) WAL T, —o

6) i il GIOU XI5k T, Fl Dy,

7) Dremain<— remaing detection boxes from Dy,
8) Tassociatea <— associated success tracks from T,_,
9) for track in T yeciaea 4O

10) track«—ExtendKalmerFilterUpdate(track,d,. )
11) T,«T, U {track}

12) end

13) /* 55 i BeoCHk */

14) & ] GIOU JCHE T epin Fl Dy,

15) Dimain < Dremain U remaing detection boxes

16) Tee_remain<— remaing tracks from T

17) Tagociaea <— associated success tracks from
Tremain

18) for track in T yciaea dO

19) T,«T, U {track}

20) end

21) for track in Ti_epuin dO

22) track«—TrackPenalty (track)

23) T,«T, U {track}

24) end

25) for d in D,.py, do

26) track«—NewTrack(d)

27) T,<T, U {track}

28) end

29) return T,

T W IR A I 2 B AR S T O A AR
X b 2R RS T, B SRR, 12 YT
Ji& R IR S DR AT RS T 5 BEJS HEAHE 1 B Bt
PERC, I XA2IF e (GIOU) i+ L3l 5 4 Hi
N 20 2 A A D 235 2R, Dy 19 ARRLJRE 2 B, 107 ]
£ 25 ) 55k S B 40 Ry B DI DC TEE, K DT JC 1 B 4 P
I8 R UL DU AEL BB R S IS AT, 3 B R DT
BC 80 50 53 A DY D 3 Z 5 T SRS 2 BT BRVLIE, 5t
XF 5 1 B B DG FE A BT T 7157 H SR B AR
JE G 45 2R Dy, B8 FH BLRE , KMl B 2F ) R0k
HEATUCIE, S8 oA VE BCAS I 4 5 JF i sRATh AR DL IE
A9 LI T reremain 3 75 DU A BRI BE, X T e pemmain 18 SN
T CAn B S AR ) 5 AT, , B A DG I 174 46
Drerin WAL BT I INAT, 5 e i 0 B
MVREEE BT, o e im R 3o 73 B B A B ] A
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nuScenes B E N B
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3.1

5,150 DERIEAE I R 150 MR AR 3 5
MG 5L B RS FEAS AL 23y S SRS K
AR I WL = FEAS, B B AN 0] SC B T i 5 FE AR
oA H BR AT T AR . A AR TEY Al Ak
23 A0, /MRS BATE L R4 KAT NG,
PRdAs B BR T = 4E R AESh, i 645 bR i 9 v af
UL RE 5 JE MRS AE B, BR X [R] 2 IR bR 1 W kA T
M IX 5. 5 A B, nuScenes £ % ok
FEG S AE 25 () 5 if e B AR FR gk, v I TP 2
H Fm IR ER S5 I PERE
3.2 HRERERITEMIER

nuScenes £ & % 8 H AMOTA (average multi-
object tracking accuracy) il AMOTP (average multi-
object tracking precision) 5§ #7351 A HE B BE 506G B
JEE VRS J7 T 0T B B A 0 PR RE AT IRAL . XA
& b 2L 52 2 H b5 F 46 b5 MOTA F1 MOTP
Wit 74 ] 3 A5 Ak il 2 i B3 5 2R A SE PRt S
WA E R R AT R . b, 2 B bR
EEAE S 5l A T — D 5146 #x 1DS (identity
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33 ZHWSHIRE
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Frad B, BT A 2R R CTRA AL Il i
GIOU 1E N KHRAR G o 7R B SR B Herpr | 2528
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Fig.5 Comparison of 3D multi-object tracking
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13 U048 B R A i /b, 3 3R WY B 1k R R R AR 1 IR
EERR . B, R E AU A 58 T AB3DMOT,
SimpleTrack il L-ByteTrack %5 & T 4li 15 7 K i %)
Z H s IR A W IR R ROCR, fE R A S =
R R HEAKRBREEm ANERT, 76
AMOTA #11DS 8 %5 L i 8 8 T EagerMOT™ J¢
CBMOT(camera-based multi-object tracking)*” %5 %
RIS IR ER AN o 5 36 T 2% > R B8 77 ¥ Center-
Point, ShaSTA #1 LIDAR MOT-DETR #f [t., 1% %8 1%
FEARTT I 4 I 50 ST B8 /= BR AR M

F1 REREENIEER

Table1 Comparison results of tracking algorithms

(=¥73 Fer 4% A AMOTA%1/%  AMOTP|/cm  IDS|

AB3DMOT FETHFAEGLAY B AR A 5k 3D 60.6 56.6 721
SimpleTrack FETHFAEGLAY B AR A 5k 3D 71.0 57.0 587
CenterPoint FETHFAEGLAY B AR A 5k 3D 70.6 63.5 535
EagerMOT FETRAER HARKAH %+ Cascade R-CNN  2D+3D 72.1 57.4 398
CBMOT FETFHHES Y H AR K2 35 %+ Center Track 2D+3D 72.8 49.8 474
L-ByteTrack F:F TransFusion-LIA K #% 3D 70.1 54.9 488
ShaSTA FT Bt CenterPoint (RIAG I £ 3D 69.6 54.0 473
LiDAR MOT-DETR FETHFAEGLAY H ARk A ik 3D 73.6 48.6 404

CTRA FETRAETY B Anfe Ak 3D 74.6 58.2 252

T R APIL AR B m IR PR 91 R Y R I 2

AR IR R ME B S B O Ul R B O T H A
TRE, (H 2 B RS B8 A H A B 2 2 A B 2 Y 42
1o XU 37 S i — S 1k B AR PLE BT
5% 2 7 B B 0 b o R (S FE O 0, i A HE
TR R 25 B bG8 b sUNERE R, AR T B
KGR, Ja 2 2% AT L gk A7 Ak o
3.5 HRASEL

BEXF SBR[ B2 B 37 5o i B ER AR AL, BT

CTRA H5 R %) B ER SR VE A R A bR BT 2 80
D7, AL 4G CTRA AL | 00 ok i A 1F S R
MrBeVCRLOR IS . o T Sk axX 26 5 vk iy nl Ak Ay
BOPE, AN BT T AR BT Al . SE I A AR
k2 Frow, Hrfra b, c BIE G FRRTERMER
5 CenterPoint AYJEAE N AR sepkite . Hoa i
BT CTRA BERY, b 7E a AYIERE b SCER AN T o i
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Table 2 Ablation study results of the algorithm
(ER7N CTRA HERIE BBk AMOTA1/% AMOTP |/cm IDS|
SR 0 0 0 72.1 61.5 591
a 1 0 0 73.4 61.1 508
b 1 1 0 74.2 59.3 253
c 1 1 1 74.8 58.2 252
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Table 3 Comparison of data processing methods

WiRES AMOTA1/% IDS| isf7Hf[a] /s
BE R 71.8 323 0.006
NMS 74.1 257 0.087
BZE S IE+NMS 74.6 252 0.048
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