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Multiscale Transform for Multimodal Maneuvering Multi-Target
Trajectory Detection

SONG Yan', LI Tiancheng", WANG Jingyuan', LI Guchong', MIAO Haochun®
(1. School of Automation, Northwestern Polytechnical University, Xi’an, Shaanxi 710129, China;
2. Xi’an Modern Control Technology Research Institute, Xi’an, Shaanxi 710065, China)

Abstract: To address the challenging detection and tracking of densely distributed targets in complex scenarios
characterized by an unknown number of targets, high-speed maneuvers, clutter, and measurement noise, this paper proposes
a multimodal maneuvering multi-target trajectory detection method based on a multiscale transform. Existing multi-target
tracking methods based on explicit data association and predefined motion models generally need to deal simultaneously
with several mutually coupled tasks, including determining the number of targets, associating measurements with targets,
selecting appropriate motion models, and estimating target states. When the number of targets varies over time, the
maneuvering modes of different targets differ significantly, and the environment contains dense clutter, these coupled tasks
become particularly difficult to handle. Mathematically, the resulting coupled optimization problem is NP-hard, leading to
challenges such as the rapid expansion of the association hypothesis space, motion-model mismatch, and increased
computational cost. To address these challenges, the proposed method is developed within the framework of the trajectory
function of time(T-FoT). Within a sliding time-window, the motion of each target is represented as a continuous-time
function characterized by a finite-dimensional parameter vector, on the basis of which multiscale trajectory parameter
spaces are constructed. Different scales correspond to T-FoT trajectory families with different levels of complexity,

including constant-velocity motion, accelerated motion, and local turning motion, thereby enabling motion patterns of
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different complexity to be represented within the same multiscale framework. Measurements collected within the sliding
time-window are projected into the parameter spaces associated with the various candidate scales. In this manner, the
original problems of target trajectory initiation and detection are reformulated as the task of detecting measurement-
projection consistency in the corresponding parameter spaces. Measurements originating from the same target tend to
produce locally aggregated support responses at the corresponding scale, whereas clutter measurements or measurements
projected at a mismatched scale generally fail to form stable support aggregation. The local aggregation of support
responses therefore provides the basis for identifying potential target trajectories in the parameter spaces. Conventional hard
support counting, however, treats all measurements that satisfy a consistency condition as making equal contributions and
therefore cannot distinguish the different contribution strengths of consistent measurements. To overcome this limitation, a
weighted support accumulation mechanism is proposed. The mechanism assigns support weights according to the
consistency residuals between candidate trajectories and measurements, thereby enhancing the representation of
measurement consistency in the parameter space and improving the separability between true trajectory peaks and false
peaks. For algorithmic implementation, the proposed method combines random minimal-subset sampling, local peak
selection, non-maximum suppression, and cross-scale candidate fusion. Consequently, high-support trajectory candidates
can be extracted without explicitly enumerating measurement associations or hypotheses regarding the number of targets,
and the extracted candidates can provide initialization information for subsequent recursive tracking. Simulation results
show that the proposed method maintains a high trajectory initiation success rate and a low false trajectory rate under both
white and colored measurement noise. In the trajectory estimation stage, the method effectively balances estimation
accuracy and computational complexity. The proposed method can therefore support complex tasks such as retrospective

trajectory recovery, motion process reconstruction, and situation analysis.
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Figure 1  Target support regions and measurement mapping based on multiscale parameter spaces
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Figure 2 Multiscale candidate trajectory generation and initialization flowchart within a single sliding time-window

EHXKS®REREEN
AU T v RS8BT B U P A% R A 3 4
B BR R . S SE B H AR B RSt i R T
T 7V B [0 il AN DRI i A o AR R, X b — S A
WU S5 R BT AR R SR SR . ML, AR SCHE R IR
BT IS, R — 1 o i 8 A 2 1 R S e
B, I 45 A B B 20 i 0 7E 5 580 1) v 9 SR 1S
BXFE A WL AT SESE B IE Kk, DA R £k
) T T 3 R B AL

20— it 0 A A B GRS  W B KL K R TN
'+ Lk+ 1o X F—#E A FRMEESE C,, RiE
TRy i I I R N 2 P 1 D WA N L A
2 YL Bl 555 45 81 2 AT 3 A e i B 2] %) T )
U, X AT — 3 Iy ] CHAR X T A A — 3K
PE5E 2N

3.4

PE&?/{H:dz(yﬂwhkn(r(s)(c;; tk+1))) (34)

I
PE){,)/(H S Ty (35)
WA Rz i 5 E A AL C 6 AT 2R —3K,
A S0 (] bR A A R S e . o o, RS T
RHRTTRR A Scse gy, 95 2 SCHK 1) R 5 i S 1 52
R SR R A — BvE 1T PR O [R5, B 7 =7
FH UL, 5 1 DG I o R AT B A O < 28 4% o i T A S 8K
25 (] i S ) SR X, 2 A5 5 A L S A AR Sk
AR S A S BT, U R SR R AT A
A AE 2L S o
LT A M SRR G5B G R ME W S50 5
CIESYN,|
Cppy=argmin > d*(y.4(T(C; 1)) (36)

€ pemy!



10 T

EE ¢

e UL IR, b 3P % 2 M 37 2 i [
KM ST 1A S, MRS H A5 5 4 D s i 0 51
PEAT A Rt FRE A o DAL, BV Y T MR 32
T T RS PR, AN 2 Bt A 28 4 52 P ] G PR SRR . A4
Qb AR AR 7 2 AT A7 7 50 o3 3 A2 I ) 5 T gk
— 2 A B A f /s AR i e U A R SR, LA
R RITE .

SFF G TS, BRI RTAE BT A S 22 g, AR 7S F)
XIS s 0 R B AR A A T, T 24 i ek 2204 A& R
— KT TR B S A5 4%

T AL 300 6 B 5, AN SCOR ) AE 2 -2 R T i ST —
A BEAL] o Xk T BEAT AL , 7 A SR 1 AR AR
A RO T I SR D)) S A Ak S A A IR
FLAR BA A 15 Sh U030 4R T 5 o S 78 S S T U v
BT P BR BRATA SR WA D% 5k 2 A PR 2
FAAE IR TG Sh 8 & B BR o it BEAT ot i)
128 FE ST 5 5 Sl A BT LAAE 58— T B AE S N P
I7] 52k

S W JR 7R A SCOT YR TR T 1 N B 3 A SR
SR W S B RUBE Rl LA R BT 1 T 3 4 TR Y
BEPRPAT IR , PR BARSC B S5 0 3k 1
3.5 HEERESH

k
PO B [k K] IR M, 2 D> M, IR TR
r=k'
JUBE R A0 28 RABE S HUH O ® D Q.0 TEBAATT BT

seS

g7 i o I 2 R A B R
W 4 T 5 R B A DA A B L R BE s
R B R O, 4R BE TR SRS . T
46 SRR I8 2 0 FE BN BE TS BB
B 52 AT TR B 2 2L 1 B AR A 7T
Sy AR B W b R B B I 2 T AT
O(Qu ) AL HE AR B 645 2405 1
7 78— TR — BB 2 9 e L PR i 5 4
(B, T AT R T 5 2B Q. B 01 PO
R RCH M. 8O B BB 2
o ( O oM yin ) °

TR 2 5 B0 W (EL AR T 45 R E 0
SR PR O, B RRE 2 A P T AT R AR 3
P (100 25 962 C 7553 B 185 52 1505 8 9 L 4
Sy | |, A% 2 FE U I 5 HUE S | C |, 00 88 R g 0 i
BRI X 2 000 S 505 2 B T 4 9055

o[ sjmer)  offef)

SR, 78 52 b A B o SCH Ao 108 £ AR SR 1 i
(ELAE A B R Y 8 /N T B A0 1 SRAE B KK O » X

(37)

i1 ZREBESHZEAMITAN S@EEEN

BN GO (7, TR T, RESEA S SREE 0, ) —
FOPETTRR (2O ARG BIE {7} AE SR o} 5 U Rl £ B
fH ez
Bt A2 EE SRR ) B BDRE A { %, )
ST T, WO b BRI (2,
FOR #P R s € SDO

HR) Bt i 7t D A S BEHLR Y O A 142, O sl (15) sk Ak ik
BHCYs

St €L, it (10)~ (L) VHFE AT A B0 fr)— Bk %
2% I (17)~(18) HFERCL A CY);

Fe2 (20) P B 70 SRR , 19 3 0 SRR AR 1Y

X 1ol SRR AR A TR e i 2 55 NS, A8 RUBE s T 11638
MRS B2 (28) .
END FOR
#2229 LT RE T R R IEIEESES C;
HE0(30)~ (3T R A 5 25T, 70 R 5 b AR B AL
SCRPEER IR AT B0 b il & i S HUE & L I (32);
XA €, R (33) SO T #0420 RS AT £, o
FOR BB 8A M 2 k=T, + 1,7, +2, ---,K DO

FE W — Wi Y, A E O N k- T, + L kT

X LI 2R B A S 28 C 1150 (34) ~ (35) TR it
5122 K 5 1 ORI S — R

FHAHA RS 45 Go) BRGSO HRES 1851 C,,,
JEERE X,

M SRR RE X AT T hAT I -2 1E 7, it > i s 220
RABHCL, PR R, )

END FOR

I b 3 0 O 0 IR T S A SRR B, AN R
LSRNV

g5 b e LR S HEU G R sk 22 TR
BOTES , B SRRk 0t 48 55 AR M e R 4 A MBS
BUNRZEATR AR SO i AW A P Y S A
JE R Fom

O QM) (38)

X R, G R BT R T A1
2% B B B0, T A PR A B AR AT 2% R e A AR Y T 4R
T AR R T SSRGS B — B 5 5 25 S Y 2 im
BT & Z AR SO A 1 35 1 32 B T 8
CORERVN N R D0 K 7B R SR P SN Ol L |
AL,

4 HEXBEERSHN
4.1 FEGR5SHRE

h B UE T 4 7 5 AE 22 BRI A I 5 e S A T
£ 55 B A RO i 4V 2 B bRz a5 5



R AR ST 2 R AR i 5L 80 2 H AR A 77 vk 11

i X IR 8 R [-300, 5001 m x[-300, 5001 m , R+ [1]
b T=1s. P& 6N Abr, salliKEs

33z B ( Constant Velocity , CV ) 2]l 3% 3z B ( Constant

Acceleration, CA) L J W [6] ¥ 25 32 3l (Coordinated
Turn, CT) , LB W Z B W BARATIB £ A5 . & Bix
B ELAE B R0 B L2 1, Bl i 3 fr R .

®1 BREESHRE

Table 1  Target truth parameter settings

H 474 iE B e ] X i s PR x Pl /s, m/s?, m. m/s, m/s® ) S E Y(rad/s)

1 cv [1,80] [100,2,0,-200,2,0]" —

2 CA [1,70] [ -150,1.5,0.015, —120, 1.7,0.08]" —

3 cT [1,90] [0,2.0785,0, —50,1.2,0]" 0.03

4 cv [1,100] [150,2.2,0,150,3,0]" —

5 CT [1,100] [300, 1, 0,200, 1.7321,0]" -0.02

6 CA [1,60] [380, —1.2,0, =220, -3,0.12]" —

T — R A SRR

30 NIRRT 2 RG] LR EES R E L2,
oo Horr, — 3T TRR 9.21 R VR T 4k B IH — 1k
07 | TrER 2R TR o 782 o 307 0 W s B T, A
B 1l z S AL T H 0 5 5 22 ) U — e 0
*m RIS [ B 75, U AN A ER BE SR 2 1 R 5 4 A
o ./ R, A SCHC— E0bE T TBR »2(0.99)=9.21, X [ 99% 1
ool . / o W) B A KT

300 ARSI AT R 24 AR A ) RS (3R R R B AT .
—300 =200 —100 0O 100 200 300 400 500

x/m
K3 H bR EE AR R

Figure 3 Schematic diagram of target truth trajectories
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Figure 5 Comparison of trajectory initiation performance under different sliding time-window lengths in white-noise conditions
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Figure 6  Comparison of trajectory initiation performance under different clutter rates in white-noise conditions
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Table 3 Statistics of candidate set sizes of the proposed method under

different clutter rates
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LSRR i i # /e | AR
10 2800 18.45 0.659 1.59
15 2800 10.55 0.377 1.29
20 2800 7.00 0.250 1.22
25 2800 5.21 0.186 1.12
30 2800 3.46 0.124 1.05
35 2800 2.64 0.094 0.98
40 2800 2.04 0.073 0.95
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Table 4 Comparison of trajectory estimation performance of different

methods under white-noise conditions
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Table 5 Comparison of trajectory estimation performance of different

methods under colored-noise conditions
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