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Abstract: Natural language-driven object tracking parses human-like language descriptions and fuses them with visu-
al information to achieve accurate recognition and continuous tracking of specific targets in complex environments. Howev-
er, existing methods focus on 2D tracking or 3D single-target tracking, and they have not been effectively extended to 3D
multi-target tracking. They lack the capability to align text with multiple candidate targets in 3D visual space and to estab-
lish associations. In addition, existing natural language-driven 3D object tracking tasks suffer from redundancy in language
descriptions, which makes it hard to track multiple specific targets using flexible and concise instructions as humans do. To
address these challenges, this paper introduces a new task, chinese-instruction-based monocular 3D multi-object tracking
(CIMOT3D). The paper also constructs a new dataset, CIMOT3D-5k, which contains 5 562 video sequences with human-
like Chinese descriptions. Furthermore, this paper designs a neural network model chinese-instruction-based monocular 3D
multi-object tracking synchronization tracker (CIMOT3D-SyncTracker) for this task, which consists of a multimodal feature
extractor, a vision-language encoder-decoder, and a detection-tracking module. Compared with baseline methods, the pro-
posed approach achieves an improvement of 4.1% in tracking accuracy and 5.0% in identity consistency metric on the

CIMOT3D-5k dataset, verifying its performance advantage. This paper advances research on vision-language fusion in 3D
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multi-object tracking and offers new ideas for further exploration in related fields.

Keywords:
ing; machine vision
Foundation Item(s):

scene understanding; 3D object tracking; multi-object tracking; vision-language model; multimodal learn-

National Key Research and Development Program of China (No.2023YFB4301800); National

Natural Science Foundation of China (No.62576050); National Postdoctoral Researcher Program (No.GZC20241447); Fun-
damental Research Funds for the Central Universities, CHD (N0.300102325101)

0 3%

Fbs B B 7E 7 3 82 0 WUARUT 91 55014 I 2 4K
i, X — A A B AR (523 3 5% v g 42 ) F
FrEfn AN S PO AL . SR, M5 H AR BRERTE S
Fe 2% (1] 375 5 v 92 IR e A B2 BB I, R A AOSE £ 5 ) 4%
SRR AR IO A5 B, X — SR BR kil 2 1 HE B iy
HHE . NG RX — R PR XS 2 H bs BRER A 55 O il 2,
Wy B A RS SR BARIRER P BT A
SRIE T 5 9K 3 19 B A5 R B (Natural Language-driven
Object Tracking, NLOT) {55 o AT 453 i 6 A SR i
H AR SRR B RS AN S R G, LA A TT
Gysw b B BRERAT 55, [R] I BE A AR Jl 11 SR 35 i ik BR R
FisE HAR

BB B NLOT B 5% 3 2838 M2 F — 4k ol = 4
AR5, 0 =482 Hin s e ss i xt sk = o 3
o, A SRS 3K S A9 Z 4k B AR BRI (Natural Language-

& CIMOT3D 3) |

7 e e 4

! CIMOT3D-5k ¥4 ‘: |

L mskcHg o

: CEEBTAKOEMAL 0 1 [P

! mREGEEI mE2mz W 1z |8 o)
' Gl

! St 12 4 7 31 : : E

1 2 ~ i 1, A~

i : E ﬁ i

: TR

! I PN Ay St

1 1 :

:E I#I

1z | 2 !

[l rad 1

| ! i

! Lo

: 1 : B dtl 1 0.05

1 : : Jiic! |

: v B [g) 1 003

| . ! [

. ! T Y = TS|

1 1 I\

E1
Figure 1

R HE B AT 55 B BESE , AR SCHE DAIR-V2X-Seq £
fi 4 S A I, B @ T CIMOT3D-5k (Chinese-
Instructed monocular 3D Multi-Object tracking dataset-
Sk) B & B R AL 5 562 M RUBUT 51, AL
WU S K BCAT 3 45 5 & N3R35 T B A0 1] 25k rh SCHl

driven Object Tracking in 2D, NLOT2D) #H 3¢ J5 1 AL fig
i ST 387 504 22 H b SRR R R AR 1 o SCHRL R, R
SO Z2 g (R BB s iR 2, e 2 X B 4 200 B 221 i
58 SRR . A ARIE S IE =4 H
b B EE (Natural Language-driven Object Tracking in 3D,
NLOT3D) A 55 B SR WA T — 7 ik Ji& , (B AT A7 A2 P U5
TET P9 JRy B « — 2 i R N7 SO 5 2ok H bR 22 JH) A 3L
XF S5 M SCIR A LR s — 2 A SRS F R AFTE TUAR )
R, AN g N AR 5 SR A FH SR 955 13 5 1) 441 38 O B A
TE i A g

BEXT 3 (), AR SCHE NLOT3D 97 8 31— A~ 208
HIAESS  ZE T SO SRS B A T =482 0 AR ER
(Chinese-Instruction-based monocular 3D Multi-Object
Tracking, CIMOT3D) , WLIEl 1. DLAT 55 4% 0 B bx 2l
TE 5 H AR 51 v, AR 187 R 4 vh SCHER X 2455
HARZEAT AL R 5 RS IR R

B LA = 4 F AR R ]

(PSR 31 S E % E bR FFLEIRER )

CIMOT3D-SyncTracker ¥4

v 0O00 - O
w000 - ]

35| AL AR

*ﬁiﬂﬂ: dtl

dt2| ) dt3 | ) dt4
1) x x
v
GIOU(dt,tr) PRISATS

BT R H A T =42 B ARIRERAT 55 SR

Overall framework of the Chinese-instructed monocular 3D multi-object tracking task

W OB E A PR E 2 F RS SRR R A T
BT SO RS o k88 v SO A i T 1R 2.5 ROH R
WA B I B 2 it N TR 55 R B il £ 3 1
HEVE S A AR

A G2 1 = 4k £ H f5 B ER (3D Multi-Object



104 H, ¥

EE 2026 4F

Tracking, MOT3D) , CIMOT3D J& 75 1 i 45 41 (4 1 B 15
B MRS AEFEREE RS2, T
NLOT2D F1 NLOT3D 1% 45 , CIMOT3D 7E [ £7 HE 42 (1) 3
Bl LB UCK NLOTAE S5 9 R Bl H LM T i =4k £
Hbs R ER , HAETE 5 AR 2 B Bk i 3 3d e
R E A B E SCHLFRE 7). CIMOT3D 5 ik =
FAES I RARZFIME IR,
F1 TRARBESZERMIL

Table 1~ Comparison of different tracking tasks

1% A 1145 5% BERES
MOT3D | WEEB+IBFS | =482 Hir AN
NLOT2D | SRR+ S] | e 2 Bbs | HE 65
NLOT3D | SCARHEAR+MFS] | “4esiBbs | 4R IEF U4

CIMOT3D | SCAHER+ITS] | =42 Hbn | RIS R

FEXNZAT 55 A SCHE T % F W 45 A5 78 CIMOT3
D-SyncTracker ( Chinese-Instruction-based Monocular 3D
Multi-Object Tracking Synchronization Tracker) , JH T 7E
HCE S A E LA T =4 L B BR AR T AT R B
2 o V4% 3 1 22 A R AE i R IR UL BE 2 ] A
fiE55 rp SCHE IR T SCRRAE 5 B 5 38 28 S A 9K 2 1) AR
B 2 A A o VR R S AL B R ) IR A S SCAR 5 i ke
EARRRAIE 0 AR B 2 Sk O 4 T RS 0T 5% 5 5 i A ) R
5 A% T Rl G REAE 58 B SCH 1 5 R 1 2 B bR IR ER AT
%5 . CIMOT3D-SyncTracker #5% I 1E A% 3C 1% 11 19— £ 41
SES PR R MR T A L ik,
CIMOT3D-5k %4 4 I 19 2 H F5 B2 25 11 2% (Multiple
Object TrAcking, MOTA ) Fl & {5y — M 5 b5 (1Dentity
F1 score, IDF1) L4358 55 T 4.1% F15.0%

AR FETTERANT

(1) 42 H 4 % CIMOT3D, 5 76 5 H WA T AL
HOSCHEAR Y5 3 AR E 2 B bR i = 2R IR R

(2) 7£ DAIR-V2X-Seq £ ¥ £ 9 L filh - #4 2 1
CIMOT3D-5k %445 4E , 0% T 5 562 /L4 T 51 LA K AH
7 ) HR SCHE A T CIMOT3D AT 55 9 1A

()W LI T L H T CIMOT3D 1T 55 1Y M 2%
Y| CIMOT3D-SyncTracker, IZAE T B T 2SR
TIEFE I, A 0 5 4058 DG P DL B = 2 A 0 R B R

(4) K3 T CIMOT3D AT 55 1) 4= 1 S vl it A4 R
it F G LK B AE T CIMOT3D-SyncTracker (1)1 fig
P #, 76 MOTA F1 IDF1 48 45 F 43 50 48 &5 4.1 F15.0 4>
[ER

1 XTI

1.1 BH#RERER
H A5 R 551 Ry LR 5 S50 1 A% O T 55 22—
PEAEIAS Tl & ', &5 W B s P R B £ Hbg,

JEN e m i R =Yty . AE YR H BRIR B
(Single Object Tracking, SOT) 77 Ifii , SiamBAN"* il 11t %
T B BRGNS S T 25 AT 55 A —Bn)
i, 75 VOT2018'° . vOT2019'7 | UVA123'* 1 LaSOT"®"
A FEAEMR P Y HUS T AR SRR .
% H br 82 7 1, B Maggiolin 25 A48 i Y Deep-
OC-SORT, A3z 33K 51 19 OC-SORT Jy JL il HE 22, 5|
A B AN ULVE BC AL, 3658 TR R Ak 0 P o
T PR B PR 7E MOT17 L) S MOT20 4 48 |
IR TR R RE . E =i, Weng 45
AR B AB3DMOT, 18 i 30O 75 15 = 4 46 0 25 &
YRR B kU 5 g oF R ST A e kY S
B =4k & HARBR S, 76 KITTI P 508 42 b 938 17 5 2
A3k 207.4 FPS. SR, BAT = PR RE A9 — 4k 2 H bR iR
T AR AR UK % B L AR B AR AU AR
v HEEIN T SE PR R A AR LR, Xk s Ty vk A
REJE T I oE Az SRR AE E 730 FH 0 4 H AR R R, B =
T[] A5 B 4 2 R S T ML L I T MR 4 75 SR ) A
FE AR AT IR . XS R PR 29 T H bR R B R A
A S RNy T R R

1.2 BRIESHIARIIN B RRE

HARIE S A K sh B9 B be B 0 5] AE T
T A BR B AR S B R 20 SRORR T (145 R Gk
g AL X H AR AN 26 51 B AT A5 8 R 2
B, DL A R B A T SO R T R I R S R N, A
I e AL 48 B AR BRI TE R 223 = T Jm . BT, %
FARAE AR S T 2 R TransRMOT ¥ 2
— Pt 3 T Transformer [ 75 5 (9 1 2R 15 5 9K 3l 1Y — 4
2 H br BSR4, R A% 2 WiUR FHIE 5 R 21T H AR
W FN B | 7E Refer-KITTI XG4 FBUS T 18 SR RE .
HFF-Tracker' '3 5 )2 YR AL 40 07 B 14 SCAS - BSR4
B 55 WS 5 e AL LR g = g ms e
Refer-KITTI' 'L J Refer-KITTI2 ¥4 4 I Huig 1 £ i
BREEPERE 1RSI B .

JUEBLA FORIE 68 9K 3 i — 4 IR 2 0 1k B
BT —E it B efx T iR miE X E RS A
B, Jo BRF A% 2581, 1 1 1) = 4k B bR R 0
FAARF L, X —BE T, s AT TR
HALMA T B ARE S AR K 3h 0 = 4 B bR IR B2 AT 5
NLOT3D, Jf-#4 & T XF )i $ 4% 4 NLOT3D-SPD ., [R] i,
Wit T NLOT3D-TR A5 7Y, 38 o 85 A5 25 Al & o 5 3¢
AR, S T AR A BR R R RE . (HR A R
BT 5 H AR BRI, Bl = 00 1A SCAR 5 = 453 ] oh 24>
i H AR PEATRRAE X 55 A9 RE 7, I ELIT I A9 Hp SCH
TURK, BEAR TIE S48 S T =48 A br BB 980K, IETE
— R R T RO A e e T R SE T



o1 M

o RAE:CIMOT3D : SE T SC o [ A HLA T =42 HARERER TS 105

2 HiE&EME

OE Sk AR N Y ¥ O A (s S S AL
WA, IR0 15 55 TOAY 5 2000 B B R A ) A, AR
SCHR TG F R H AT 42 H AR IR EE
BT 55 CIMOT3D, 44 8 T 32 4 9% 4T 55 19 56 o 54
£ CIMOT3D-5k o $i0 4 5 11 b 2 4 5 WLAR Ak 1L 5 v 3
T A R A B B o

TE A A Ak 3B B, A B 9 3 T DAIR-V2X-Seq 41
i B2 X TR AR B EAT T R G R i v, LA o8
AR R BRI M . e Ry BE A 2k R
Wi B o0 524 A R Bt 5 B TS K6 2 H bR BRI AT 55
Xt B AR S AR ZR, BIBRIZ sk R REA , e &
FFE]'5 562 4 i o A AL P 51 o ok S A0 Y 4 7 2
WIS A FEE O R W TR R AR K

L -

B R

’

— 1

R %@ A3k '

Ll CRfEALL e

g‘ ~
b \

% ___________

g, 1

| EE R+ !

! 1
I .

! I
FEURBLE L N |
wigs: mews ||
KA W, %, s !
JURI B S Ko, g sty = i
R SRS, T = ? ’—--'
AL P AL .
B Y
(e ESHFES =)
=0, ...

P ey i

___________

5 R B I KA 4 R ARV A
SRR LA B R D0 O ) 2K H A
e AT L

PSR R A RO A S A T 2.5 K
B Ry T B A SRR R LA T
S LB Ao S B 5 TR L T 2 R R T
i e LR L 7 5 A AR A B o
RS E L TIIRCE S o i I RN
6, 14 T Dei T-Ti B3 4 A 251 6 5 160 45 o
BEAE L FCUOM R IR BB B 2~6 3030 1R 1
LR R . BT AT T I 2.5 K1 7 B
900 S OB , 45 T 4L B R M 1
AT 5 TR SR . RS I B 2 R 0 S AT
T TR 88 A WA AR R 5% 19 BE A 7 28
e, STV A T O 0 R P T

SRR AR R

" PR &
V| e T 2 O, ey
V| e me R k. 9 )
1

17, ROTEREE K (KK, % ()

K () KA A R
(ERPRA) . AR (TR

S ’A;# gz ;Si.QwenQ,S
@42 - )
é ALWFE
ES| IR I 7 9 1 5T LA R4,

FEZ1.2m, BEBSHINL

20m 40 m 2 7] 50mBLA .

\
1
i 4, SRS
1
1
1

......

PERARDLAI30~40 m M4, 4K3.5 mE|Sm
I8, AR, TER

2 BT AN T =4k HARRER AU R A A i R

Figure 2 Construction process of the Chinese-instructed monocular 3D multi-object tracking dataset
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Table 2 The benchmark comparison results unit: %
ik MOTA(T) | MOTP(| )| IDR(T) | IDP(1) | IDFI(T) | IDS(]) PT(1) MT( 1)
DeepSORT + backproj™”! 25.7 27.9 36.1 51.0 423 13.7 54.9 28.8
TransRMOT + backproj'"” 26.8 26.7 36.5 49.8 42.1 12.7 56.8 29.1
CSTracker + backproj®® 25.1 24.9 39.2 532 453 11.9 56.1 31.3
QD-3DT + CIM"! 26.7 25.0 38.2 53.1 44.7 11.4 56.9 31.4
EchoTrack + backproj™” 26.9 25.6 37.1 53.8 44.0 15.4 58.0 33.8
NLOT3D-TR(MOT)""! 26.9 24.5 38.5 533 44.9 1.2 57.1 31.7
MoMA-M3T + CIM™!! 27.1 232 39.4 53.6 45.1 10.9 57.3 31.9
HFF-Tracker + backproj"® 27.4 24.8 39.0 54.0 452 102 57.6 32.2
CIMOT3D-SyncTracker 31.5(+4.1) | 19.8(-3.4) | 41.5(+2.1) | 61.0(+7.0) | 50.3(+5.0) | 9.4(-0.8) | 62.0(+4.0) | 36.2(+2.4)
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Figure 6  Visualization of experimental results
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