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Figure 1 Diagram of crossing points of multi-sensors in triangulation
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Figure 2 (Color online) Diagram of Hough transform. (a) Cartesian space; (b) parameter space; (c) accumulation
histogram
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Figure 3 Block diagram of Hough judgment
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Figure 4 Diagram of the actual sensor triangulation
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x 1 BRREIRE
Table 1 Target initial state

Initial position Initial velocity
Target 1 [7 km, 1 km] [300 m/s, 100 m/s]
Target 2 [4.5 km, 6.5 km)] [350 m/s, 0 m/s]
Target 3 [4 km, 4 km)] [300 m/s, 20 m/s]
Target 4 [6 km, 8 km] [400 m/s, 0 m/s]
Target 5 [3 km, 10 km] [400 m/s, —40 m/s]
8 -
9 Ty,
Tt **;+++ s
FHRHIHIHHAK 8 +¥$¢¢+§§}¢¢
6} 7 vy gl
+++
5l ] ﬁ&?ﬁix i
~ E
E 4 sopppRIcosi =
= 4
N
31
3
27 S 2
1} ~ 1
o &Sensor 1 Sensor 2 ) Sensor 3 Sensor 4 of . . . . . . . A
0 5 10 15 20 2 4 6 8 10 12 14 16
X (km) X (km)
Bl 5 (MEMFE) 4 NBIFRESKENIT E 6 (MEEMFE) 4 FRERITLIRZ N EN R IE
Figure 5 (Color online) True trajectory of four targets Figure 6 (Color online) Crossing points of the four sen-

sSors

6 HEERSHH
6.1 HEX 1: REEBRHE

BV 4 FAR IR LI (7] 58 SCE AL ERER 3 AN EAR, 7EE A AR R T T B Ui, AL0&Es 1, 2, 3,
4 FOAL B E N [0 km, 0 km], [5 km, 0 km], [15 km, 0 km], [20 km, 0 km], EHlRZE&E N 0.1°. 4 H
5 MR E 2125 H bR, VIMHIZ 3RS e W& 1.

SRR T=1 s, FLHM 10 AN 205055 4 A BARA 5 A B AR SUEHT I8 2555, thieg
SCHES TR« A OGIR T VAR e/ INBE B VA N 25 TR AR, IR UE AR SO VEAEAN A H BRI 1A 2.
T 100 X Monte Carlo 1/i E., 45 R U1 5~8 Fin.

K 5 25 3 AN HARKIE S sh I, B 6 4 4 SRAE KA A8 e AL i ik, vl LA B BE 1L
SR BAT — 5 RO, IR ME S ESE HAR X TPk, Bl 7 45 ARSI E S R R R 1) B bRig shil
TERITT AR ORI 2 R s R S, 5K 5 L, IREARTTAIML . 4BV A8 SO A 4t A A
SEAIERI), X2 BUONFE RGBS R T, AR ORI & 5% T RE N EA(E B, ERERAE X A AE
BRIR IS L NRE 5 R B ARAS X i, FBUEAM AR, 46K 2 nLLEH, R/NEE R H 5
ANMEAS S, RERETT BIRLT 05 B AROR, (B2, HATERER BEX, RS TR KT 3 BT
2 HArERER. Bl 8 RINANHFR 5 JEAR SR 2 RO, 463K 2 WLVEH, B HREEY

659



BT HT Hough A (K17 52 SUE AL R G2 H bREREAFIA

? 10f 5 o874 Dé]DD[']@D
8r DoopOooO@@ao 9l
7t 8t 0B o o fog o
oop”? ooOD
6 71
’é\ Ooooo0oo0Do @0
—_ 6l
g5 =
= o . o >~
~ 4} am@E, 0 OHO 5t o
3 o o 4t oopoo DOO@
- )
o 3 0o
o | o Method of'this thesis o I
Rough and subtle correlation of azimuth _ gom @ L O0go
. o 2 o O
L o mnd
@ 1 . aof m o ]
0 1 1 1 1 1 1 1 1
1 2 3 4 5 6 7 8 9 10 4 3 6 X7k 8 ? 10
X (km) (km)

B 7 (MIBRFE) AXHFESHRAE. BXHEE
R RPIRIT L E

Figure 7 (Color online) False crossing points deleting re-
sults comparison between the proposed method and the CA-
RA method
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Figure 8 (Color online) False crossing points deleting re-
sult of five targets located with four sensors

&2 3 MEEE 4 MIRINERSER

Table 2 False crossing points deleted results of three methods in four periods

Four targets Five targets

Crossing Bigotry Minimun distance CA-RA Method of Method of
Period Points  crossing method method this thesis this thesis
numbers  points Points Points Points Points Points Points Crossing  Points Points
numbers conserved from conserved from conserved from points  conserved  from
targets targets targets numbers targets
2 96 3 5 3 5 3 5 4 150 7 5
4 96 1 4 2 4 3 4 3 150 5 4
6 96 0 6 4 5 1 4 4 150 5 5
8 96 0 4 3 5 1 5 4 150 5 4
Time consuming (s) ~ 7000 ~15 ~ 0.02 ~ 0.02
Sound judgment percent 70% 44% 83.8% 83%
2 P HUR B SRR I, B R A SIETI IR BE S LB v 5 HI Tt H .
6.2 {HESL 2: BRI IRER
S 1 90 T Hough ) pk2E T mi B0 Rk, BT B uR 72 R e S ] R mi O AFAE, 75 25%5 H bR

HEAT WU AR LR, a8 A RE SN 2 H bR RS B ERER.

D5 B2k B 3 SR s AL A% B 22 e AL BRI 3 AN H bR, B AR BUSLIE sh L /e B AR AR R T
P, BREZAE ECEF ARFR AR Foe. BEEE 1, 2, 3 AHLERARAR /375 ¥ A [30°, 122°, 10 km], [30°,
122.1°, 10 km], [30°, 122.21°, 10 km] I AW T=1 s, T 50 4N JE . 3 A HE 9146678 A [30.009°,
122.08°, 10], [30.04°, 122.05°, 10 km], [30.027°, 122.04°, 10 km], #5354 v1=0.74 Ma, b4
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Figure 9 (Color online) True trajectory of targets in ge- f=3uis
ographic coordinate Figure 10 (Color online) Crossing points of three sensors

in local coordinate

9
8 . n-"as 1 450 o ew e " . Method of reference [20]
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Figure 11 (Color online) False crossing points deleting Figure 12 (Color online) Compare of track initialized
results with Hough judgment with two methods
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Figure 13 (Color online) Track initialization and filtering Figure 14 (Color online) Range RMSE in the tracking
results with method of this thesis
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Table 3 Hough judgment, track initialization and errors with method of this thesis after 50 Monte Carlo simulation

Period Observe Track initializatio Target tracking Crossing
number of period Track Position Position points
initialization number error(m) error (m) preserved
5 - 3 119.4 68.08 80.88 - - - 3
7 - 3 15.04 29.50 32.22 - - - 4
9 - 3 42.93 29.57 36.07 - - - 3
11 - 3 52 53 34.3 - - - 3
5 40 3 - - - 154.03 136.09 136.57 4
7 40 3 - - - 147.97 142.86 71.78 4
9 40 3 - - - 167.41 43.82 85.67 6
11 40 3 - - - 193.17 101.93 98.93 3
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R 3 BT T ARSCITEA R R AR I 205 e e 46 (i ROR S s R ER AR, MR T B
A R AIIRT 11 N, Hough 322 73 B8 TSR 46 B RE S vHERA I T H AR B4, IR 315 B AR
EAL GRS
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Multi-target tracking in triangulation system based on Hough
transform

Dan SHENG*, Guohong WANG & Hongbo YU

Institute of Information Fusion, Naval Aeronautical and Astronautical University, Yantai 264001, China

*E-mail: shengdan4080@sina.com

Abstract Passive location system is widely used in anti-interference, in which false intersection deleting is one
difficulty that has puzzled researchers for a long time. Towards solving the problem of multi-target tracking in
triangulation system with passive sensors, the essay analyzes the distribution of false intersections and builds a
multi-target tracking model based on the Hough transform. Majority of the false intersections of each observation
period are deleted using the Hough judgment. Track initiations can be realized using the Hough transform by
separating them story by story. Then, multi-target tracking is realized by filtering. Simulation results show that
the model above can delete false intersections with higher efficiency and the tracking precision is higher.

Keywords triangulation, false crossing point, Hough transform, multi-target, tracking

Guohong WANG was born in 1963.
He received his Ph.D. degree in Infor-

Dan SHENG was born in 1983. She
received her master’s degree in Infor-

664

mation and Communications Engineer-
ing from Naval Aeronautical and As-
tronautical University (NAAU), Yantai
in 2009. Currently, she is a doctor at
NAAU. Her research interests include
passive location and radar target track-

ing.

Hongbo YU was born in 1983. He
received his master’s degree in Infor-
mation and Communications Engineer-
ing from Naval Aeronautical and As-
tronautical University (NAAU), Yantai
in 2009. Currently, he is a lecturer
at NAAU. His research interests in-
clude information fusion and radar tar-
get tracking.

mation and Communications Engineer-
ing from Beihang University, Beijing in
2002. He is currently a professor at
Naval Aeronautical and Astronautical
University. His research areas include
information fusion, target tracking, and
target identification.



