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Location Estimation for Multiple Targets Using Tree Search
Algorithms under Cooperative Surveillance of Multiple Robots
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ABSTRACT

This paper proposes the location estimation techniques of distributed targets with the multi-sensor data
perceived through IR sensors of the military robots. In order to match up targets with measured azimuths,
we apply the maximum likelihood (ML), depth-first, and breadth-first tree search algorithms, in which we use the
measured azimuths and the number of pixels on IR screen for pruning branches and selecting candidates. After
matching up targets with azimuths, we estimate the coordinate of each target by obtaining the intersection point
of the azimuths with the least square error (LSE) algorithm. The experimental results show the probability of
missing target, mean of the number of calculating nodes, and mean error of the estimated coordinates of the

proposed algorithms.

I.M 2 ATEe] gk 74 9] eEe s =4

A|7Fe &-831= TOA(time of arrival)t} TDOA (time

A A ARE 53 Ao et v difference of arrival) W], $41x139] A7|& &8
Alel] w2}l 3A49] 925 FA = thkgt 7HEel 3= RSSI(received signal strength intensity) A,

¥ B o= 20119 % kst 4e] FAAIE 913 Ak A X §3 Y AE] 7|4 $I9HUD110110ID)” $lekkA 2 2011d%
V=] dsta 12} wH]d7H](M-2011-B0002-00122) 2] A|1o& o] FoixS.

o F22} A 2ARAAL : 7FE et Y REAARTE A E A A4, srpark@catholic.ackr, 413

* ZFER st e RS A5 Al
= E KICS2013-07-320, Azl 20139 79 314, FHE =g 4da) 12013 994 59

182

www.dbpia.co.kr



) RS JAA Al

Sl B2l 4 lHE B4 FEA AA BE 3

FAAlEe] w2 w97 azimuth) S EEshe=
AOA(angle of arrival) W}, of2] wlale] &3 7|+
¢l TOAJ/AOA, TOA/RSSI HFA] So] oA=&
e 7He &3t HWE A ﬂoi e o]k

el A 59 e

AL ALSE ST S 2 B A e
371 wel] $52417] Arou AelE #4985 A
| AwE AR )

AuE olgale] $A71e] 914 A
o] AREIE) o] el AelAl
2] vle] 2ol 2} 24
Al =] E“]'*Q‘ p‘l.&g].():] T*% 3]
& TP, ols} e T4l 29] 7|%E v
2 g7} ofgiel.

wa, Wiz Bgslel Ase 9 F
Azl olA7A e Aol arlel A= )
AAAMEE o83t wAH Al shte] S1AE
FAsAY, 2 AlAelA SAT wkelze] FUE
shtel mAoleke #le] ols Z-pelnt A8
LSE(least squared error) == WLSE(weighted
LSE) 59| 1% 34 WA chpoigief’. a#]
U} oolBse R4 9AF 24T wels o
= 2ol @ WA S izl U wAl
3 RelA o Sk glr) e, A el
B wA ofe] 2ield Z4E WA 24E o)
AA7)= o] Bglel,

o] el 24 WSl B4
SA7= W e g =7 Btree search) U7E]
+ A83t= 7IHES AR AlkgE 7 ellA=
£z gAellxe] Aldeveh S A BHo=, 7t
AN S] eE(node)E EAH ] WelAem A3t
T A A S5 A HA Fol e
QY AT YE W Agsel B o
o] olef Ajel S sl ofel el e

S UeA7lT, HAEHoR LSE WMALE ol gl
4 sl 917 Ak 2

=) B dvelEe BERE A A
o Agals TAMRl wlewnt  Hdgsw
(maximum likelihood), Zl©]--$-41(depth-first), IH]-
—?—/\*(breadth—first) go] Al 7] 7S a3k
WE 9o 5 mElsle] Z1F Bt AE T

© HU-PE W A b e el
o, sk 549 Al ol Al
Aoz F7KE A wsiel webd AAZE
oz FAL Askn 9AE FAdhs Axw)
At $1A FA Aee s Sl AL

=W

|

%, 5, EA S (complexity)E E¢|= Zo] "% F
f3fria & 4 glck §e] BAlwE Fol= ¥
7 e, FHT FAEAl 7R S| o

TEIL %l MIMO(multiple-input  multiple-output)
Alz="lellde] 4l AlE A3t 7Y S shsl
SD(sphere decoding) 7]¥¢] 54& &83h= uly
<+ a3kl SD 7S Aol HAlFEe ut
8BS T 9lom, Al Al oA ”Vﬂ(radlus)
el ole AlEnks Sste] s 7sAde 2
FoRA '] EAIwE FolHA| g9 ‘3153
Aol 7PA SAsHE Z1Helel O mal, vy
el a5 94 it fAlhe 72 vR-¢
A sra A iPle Agsle wls 3 west
of, Al 71 A 7S 83 tES YA
A=) AR A, BAEE Blagicl
=] A thet Ak DAl oRER

HodA Azele] wae sk, Ml A
J
=]

F[F

Qah= G4 7t AR
Aol AR 9 71 2 91A AE 54 7]
e Brlel] $lsle] Rl e Salel, v
o v AN thEEAe] 914 A% F4
o oigt Wrhe} Qkome] TS A

o

I. CES2R BUAl AlAY
o1 A At A% A ofed shel el &
RS Abgale] of2] el BAS WISk 917
& et ke e Asde] we
AL A2 S RS ol 201 s
g 2710 THsio] A

tlo
S

=
==

2.1. ZA| B2R gzl
o] o] sk FeIghAl Azelelie ¥
] 7HA] Z¥e] 3A 7Hx] AR 3AE Aol
ANE AFgdiet Ao ANE Bgsw mAe
o7t ew tjEkxel =37] Y e So oigk A
& glony, o] Rl Wizt st
e |0 89 eFaAel 917 e

=

R 4
© oo M
EL:: 2, 3
l">“ mlo
& 2
> N
Ir o
o
°§~ il
Eé
- ok
0l
1 of
fn E
= HU
= ol
)
5 L
B
Lo
3
t

www.dbpia.co.kr



R (x, 1)
T8 1. (BExFEA)=(2x2) 2dF
Fig. 1. (RobotxTarget)=(2%2) modeling
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Table 1. The types and sizes of targets
Type Size: lengthxwidthxheight (m)
Tank 10x4x2.5
APC 7%3%2.5
Truck 7x3x2.5
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