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3D multi-object tracking network based on 3D volume information
interaction between image and point cloud

YANG Hao-ran, LI Hui®, AI Xiao-xue, ZHAO Guo-wei, GUO Ying
(School of Data Science, Qingdao University of Science and Technology, Qingdao 266061, China)

Abstract: Multi-object tracking is a crucial area in autonomous driving. However, it is difficult to overcome the
challenges of complex scenes by only relying on a single image or point cloud information, and the current multi-modal
fusion tracking methods still have many problems in fusion strategy, data association and trajectory management.
Therefore, we propose a 3D multi-object tracking network based on 3D volume information interaction between image
and point cloud. Firstly, we design the 3D volume feature interaction module to obtain the 3D volume morphology
information of the object, so as to get more discriminative features and improve the localisation accuracy in complex
scenes. Secondly, we design the data association based on 3D integrated motion estimation, using Kalman filtering and
the object’s motion information in the point cloud to obtain the prediction of the object’s position in the next frame, so as
to enhance the consistency of the object between frames. Finally, to further enhance the robustness of trajectory
association, we design a 3D volume feature-based trajectory management module to better overcome the object
disappearance-reappearance association problem. Experimental results on the KITTI dataset show that the proposed
method has better tracking performance compared with other methods.

Keywords: point cloud; 3D multi-object tracking; 3D volume feature; information interaction; motion estimation
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frame 96

& 5

322 =ZEZEBIMGTHERSER

AT BE =4 S B AG THAE E, #EAT W R
bSO, AR 2 B 78 3L 28 W 2% b 38 i = 4 s Th
5, MOTA 7+ T 1.9 %. [AI 1 111 VMFusion £l

frame 112

BN = HAFHER RS RIRI TR ER

frame 113

F VMFusion, {38 i1 =4k sz 3 {71, MOTA A #
Th X BN =4 sz il vH e R R 2 I8 s 3 il
AT, 53] H bR =4ER bt S AE RIS S T
VR HERS, BE A% IR o b 0 W7 9 i 1) A 138 3 0%

=Yk BT R, MOTA ETF T 3.43%. A R, IEFELFHIIREAVERE
+2 ZHSEEMEITHERLSIIE
VMFusion =4k BT EENERN MOTA/% 1 MOTP/% 1 FN | FP | MT/%t ML | IDS |

84.37 87.24 1226 506 80.09 231 4

v 86.27 85.41 978 571 85.21 232 1

v 86.38 88.38 973 569 86.65 231 4

v v 87.80 88.39 956 596 87.05 139 2

v v v 88.51 89.94 961 542 87.14 1.37 1

3.2.3 HRE iR EER SRR

W% 2 it 7~ 7648 ] VMFusion Fl = 4k 138 24
TH RS B, 390 E 2% H by B 5 AR Y IDS HAI,
MOTA EF+ 7 0.71 %, MOTP L F+ T 1.55 %, FP [& 1%

frame 1

frame 51 frame 89

= : % 2 ' H
<0 DAl - —Q
(b) A& Disappear-object map F5L56 45 H
6 HEBEMREIHR LIS E R

542, WIS R 2 B b B RE % 39 I R A R
A0 1D A0 B 480 1) ) L. 3 2 H b 0T 7 R i S
(LR b, ST, DR AT S H I H bR, A R T ]
BREE HAx. B 6 978 2k B br B Rl s 56 285 0 L.
Bl 6 FIT 7 £E 45 FHIH 2% H br B, B AEAR B ID 9 1
() ZE 59 TR 45 25 3 O 1 R R, EL7E RV s Y, %
B ID AT SR N 1 FEAE FHVH 28 B br I 1 40 57 25
J&i F B, ID #4035,
3.3 IRERMEREXTEESI T

T SN o Vb 5 AR T R AT X T, SR
KITTLE /7 48 & PIPEAG AR TR b, 437984 V3 4 (Car)
FIAT N (Pedestrian) 2/ 1] [ B 5 45 SR 5 At ol ot 22 4
A 3D 2 HARERER TR AT R L EAL . 3 4 Car 28791
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Xf EE 45 IR, 2% 4 J9 Pedestrian 2873 (% EL 45 3. i T3
7r 21535 3D £ H AR R 7712 9 1% 7 Pedestrian 28

o) b BEAT SIS, AN S Car 25| (X HE T %5 Pedestrian
I s LI VE RS A AN,

®3 KITTIEEREREIESE L Car BUERER I BEXTEL

J5i MOTA/%1  MOTP/%1  HOTA/%1 FNJ| FP|  DetPr%t MT/%1T ML) IDS,  LocA/%?T
JMODT 7! 85.35 85.37 70.73 1249 3438 84.02 77.39 2.92 350 86.95
EagerMOT [®! 87.82 85.69 74.39 454 3497 86.42 76.15 2.46 239 87.17
JRMOT 2] 85.10 85.28 69.61 787 4067 85.07 70.92 4.62 271 86.72
mmMOT 21 83.23 85.03 62.05 752 4284 84.89 72.92 2.92 733 86.58
DeepFusion-MOT %! 84.63 85.02 75.46 601 4601 85.25 68.61 9.08 84 86.70
MSA-MOT 23 88.01 85.45 78.52 2060 1974 82.21 86.77 1.23 91 87.00
YONTD-MOT 24 85.09 86.98 78.08 1188 3899 85.71 67.54 7.08 42 88.23
FNC2 %) 84.21 85.86 73.19 2472 2763 81.67 75.85 6.00 195 87.31
FANTrack (2! 75.84 82.46 60.85 1305 6262 80.82 62.77 8.77 743 84.72
ours 87.23 88.72 75.87 2931 1493 86.57 81.02 1.31 81 89.66

Fz 4 KITTIEEREFHIEEE b Pedestrian FUERERME BEXTEL
T5i: MOTA/%?1  MOTP/%1 HOTA/%T  FNJ FP| DetPr/%1  MT/%1 MLJ] IDS]  LocA/%1
EagerMOT () 49.82 64.42 39.38 2161 8959 61.49 24.49 24.05 496 71.25
JRMOT 120 4531 72.22 34.24 10207 1822 66.64 24.40 29.55 631 76.64
EAFFMOT 27 42.01 64.57 40.20 2431 10793 60.03 21.99 35.40 201 71.25
MMTrack 2% 56.19 75.34 49.28 886 9081 72.98 30.93 32.65 175 79.26
MSA-MOT 3] 47.86 64.35 44.73 4101 7761 55.94 33.68 16.15 209 71.21
YONTD-MOT 24 26.19 65.66 25.89 2882 13137 54.99 11.00 31.96 1068 72.10
Be-Track 1] 50.85 7245 4336 1225 9953 69.03 22.34 32.65 199 76.78
ours 60.27 77.58 47.76 1011 10321 74.52 28.68 23.14 181 80.51

3.3.1 Car2B7ERER M REXT L 2B

Xif B &5 U K 3 T s BT 4R O ik R R
MOTP & #1 88.72 %, fEX 3 T HE A4 25 1, A& 56 2 1)
T2 1.74 %, IR FP KIS B DetPr Al5E 7 K
B LocA 155 T HAth 77 3%, 43 008 1493, 86.57 %
89.66 %. MT. ML Fl11DS B SR AN & ¢ U, 15 A2 AU
F MSA-MOT 5 YONTD-MOT. MSA-MOT X T 43
JR VT AN E il 8 & PR 22 G OCTR IR 7%, G2 1 5
B B OB B s 4 22 1Y) i) 8, MOTA F1HOTA s 47 15
J& MSA-MOT I 3% X 2 15545 fil A 42 H 80K e,
H IR 208 7 H bR B = 453, Bk H MOTP @
KT Hri 77 7%, YONTD-MOT 3= ZE 5 %} 1D 45 %
A ) R, BR T T s A [ U A R X R B 1 R
IR H A 35 B 07 1 IDS, 1H L Loc A K F ATt 77 1k
1.43 %. EagerMOT 1 H 2 [ 9 I (1) 77 2, 1d& FH i
JU S A AN R R B A, R R 3 TR AE
o I IR K FN, [5] IS MOTA H1 DetPr 07 J& 45 2. {H /2,
EagerMOT ZB& | /M WUREAE ) 88 B4 A AL T- BT i
05, HAth#5 R 1% 2. DeepFusion-MOT [FIREF] FH K
M2k R AT Z W B ORI, (B HA A FN BT, 1K M H
ASCASE FH ASE WU 285 SR 9 AN RRAR 47 Hb 0 501 H A, SR DR R A
W58 FALE B R AE, 2825 T AMEEA R T X 4 Hbx
45 B P th 7 ik m] LR 4 3 [X 53 AN [5) H A, 8]
68 5 4 b R 3 2 -EE I ) H bR, 3R B = 4R PR RRAE
X TR AN PR R 38 A 1.

FH % 3 0l 4, BT 4 H 7 ¥ MOTA . HOTA F1 FN
AP, X DR D P 4 HA 7 V253 35 R R ORG B RS
D HE e B2, 2 I — € 1 H bR &R B A H 2
MOTA.HOTA /3 9AHE4 56 3, T- K 2 50714

X T Car [P ERER 25 R, 1 B0 B 2R3 50 N I
ARG Ak /N B bR A 0 ER EE, W 7 B, B 7 AT
I AR rh b [ A H 1 /0 B B A A B K E
P 35 A 71 B Y (F A2 A1 R A W e, 2% B P 4 H 7 9%
o PR R AR S B R AN B b A B B R
SR

a

- L
(b) BHESIHI/N H AR
STt Car UERBREE

(a) WO H b
E7 5

3.3.2  Pedestrian 227 BREF 14 REXT L 44T

W 4 JT 7w, B 7 775 Pedestrian 28 5] (1) 3
il 25 L R I A A PR RE. H 1 MOTA.  MOTP.
DetPr. LocA fEFTE XL T EFHELZ S 1, 70 BN
60.27 %+ 77.58 % 74.52 %- 80.51 %. HeAh g hx b it
H 77 HOTA . FN. ML. IDS 7E jr 5 75 v h HE 4 4
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5

xR ¥39%

2,FP fll MT it 45 tf 3k 4% [6]. EagerMOT 3 7% 4 &1 %t
Pedestrian 2% i) 35 17 51 I 2k, 1 A2 A5 FH ARG 00 &5
SR BRI R B AT OC B R IR, DR Uk R R AR
#:. 5 EagerMOT #H tb, T #2 tH J7 7 MOTA $& & |
10.45%. YONTD-MOT ¥4 H w5 il F1 22 H b R 27 4R
B R — MY ) o B S Car 1 28 AT 2
1, 6T/ H bR R R RCR B 22, TR I AE Pedestrian 28
B F L # . MMTrack R %1% Pedestrian 25 5 Il 2k,
W R E AR A T H AR R IS H AR DTS
I¥1] £) 55 4+, 4 45 ¢ -1 HOTA 1 FP. {H J& MM Track (£
MOTA FIMOTP 5 fir$ig th 775 AH L, 73 A1 4.08 % Al
2.24%. Pttt 77 VEAE Car 285 Al Pedestrian 25 71| 1) E.
BRI IR RE, IGAE T BTt r ik B A A
1.

Xt T Pedestrian 28 7l 1) BR R 45 5, & BN ID %%
e v RN IR R 0] R R AT o AT, 8 DR ik R i )
Pedestrian f] B8 B¢ 25 &, & 9 N Bt #& H U7 vk X

£wy

(a) =1

frame 2 frame 3

(b) i

frame 1

8 E4 5%} Pedestrian B ERERZE R

frame 3

(a) ¥l

frame 2
(b) 2

B 9 ZA3CF5 k% Pedestrian HIERERZE SR

Pedestrian [ ER R 45 8. IS A3 5¢ 1 28 1 iAG Il
I /NMT AN ID 1 FNID 2 76 56 3 i H B i, EL7E 28
8 T, 47 A ID 2 P {4 A M IR ID A8 54 10. 37 5% 2 1) 3%
283 Wy, 55 2 WURD S 3 s B T B R AG. E9 1)
Y 1 AT, AT AN ID REFAZE. 375t
23S B B AR CAG I . 3R B AT ik
AT AR/ H b 03 KSR ID A0 5 0 4 1) i) R, 4
fe 1R/ AR ARSI A PR ER P e
4 % B

ASCHRE T —MEB S S =R E RS E
3D % H b BREE N 4%, 1% 77 vl i i R R R E RS
T B T RHIE R R A ROR. 8 5N ROR Yk = 4
TEAS B = HEARRHAE, 3R A3 7 B8 4 1) = 4 BRER R, I
FESEEG A3 7 IR, SIS BT LLE L IH R H
P B R A7 R0 250 1D A B A 4 1 ) A, B i T K
I (] SR (PRGBS vt Rilad ok 5 ol o = AR AR 1
Tt — 20 B AW S AN BE T B 73, A R s A5 Y,
BARC H A 0 25 2k 28, DABR A R R B A A e
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