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Location Estimation for Multiple Targets Using
Expanded DFS Algorithm
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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 consideration of obstacles. In order to match up targets
with measured azimuths, to add to the depth-first search (DFS) algorithms in free-obstacle environment, we
suggest the expanded DFS (EDS) algorithm including bypass path search, partial path search, middle level
ending, and the supplementation of decision metric. 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 error rate of estimated location, mean number of calculating nodes,

and mean distance between real coordinates and estimated coordinates of the proposed algorithms.
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Fig. 1. (RobotxTarget)=(3%3) modeling
in consideration of obstacles

o] Aellx= Aol ag areahA] 2 7-F-ollA At
A 71} d-SA 2A S

2 7He Awe

i,
N
N
2
olo
)
N
o

3.1. Fo{S0| gie HRo Sl Z2Y 7|ye

0,2 A DAL A =E(node) = L, A &
g ww gk M) Wizl Algte] skl St
ok 1 A=) ) (metric)-> WFH9ZHES] oL
A P} R, 7¥e] AQl dist(R,P)<), j
Aol mAS B Al 34 Al 78l Al
(difference)e|t}. e]ie] A7z ddE= wE 7
ZelM FH F|ES A8sks AA Al
search) 7|H-2 EA 2] 47} Z7184E Alileke] #]
e FrlalmE, A8 WA T B
A-gato] A WY kel 24 F& A9 ol 3t
9] DAl A PslA] 5L 7HA 2] 7] (pruning) S 4 3E
o} A7) ek Atobdghe of ghale] $41g
9= 319] =]l 2R E(child)ell F= 7S 2

o]-9-41 &F¥(depth-first search: DFS) 7]%e]2} gk}
(7.81

&=
=)
T
O
S

A

T8 2= (VM) = (4> 4) <l F-IRHA] Al
DFS Ez] 2l 3 vl 2] 250 3 A w
917kl 0,3} A== AR Hshs e o
ERlaL glek 2flellA w5 A o= el she] A
6{:}— {911792279317941}01 01% ﬂxé% PE}':JI _}UL’ ‘zl-i

R AlE D=

A A dae]ES A48 R A #x 4 7
D, =dist(R,P)—r,, (1)

O]l o714 h=1 jy=2, j3=1, j,= 10]‘:’:],
Dy Db BE g el ol W A%
{911a92279317941}°] Fre Aduxich T84 k=
o A9 Wt g L 7B Al S E et
Wk == 9,3 2= 6,0 WY Fr IAckr]E
D, 3} D7} 25 4] WS] oljolwd 0, 9] Apd k=
2 APsla, a3A] dend 7AA7|7F fafEo] e
= 0,2 3] 2= o] R18=A] FErhA]
0. 518l W2l WA Eele] BelES W
i Fre A=A 0,0.0), A5 P A

Level 1: Azimuth of R1

Level 2: Azimuth of Rz

Level 3: Azimuth of R3

Level 4: Azimuth of R4

a2l 2. (4x4) Ao DFS Eg] F2
Fig. 2. DFS tree structure of (4 4) system

U =S diste] AR ohs o] skt
A 0,0.0). e A kg WS =e
AR el w3t o] skaEw Ak AR ALY &
2}7} AAEER] b2 2Rl dhste] ghe] zlsixlch
41 @ °19).

og] 7§e] FH 5 shtE ARk WS EA
72} A A7) (minimum decision metric) 3]
of mherk FHEAAR 1594 =14l 9, 0l4 A==
© FR7F shel of, o] ARel] 23 ke o
FHoA AL]shs welck BU|E 5o, 1§29
Al FH5 A2 FoA 0,7} 0,014 ARk & st
o] A 2ol Z3k=e] lehd {6, 0, 04,0, )= FH
4] AARIL FEAA Fol®= FHE0] o33l 7
el Fue] AA Amell AA A% D, o] =27]
(magnitude) FH(sum)e] Al FHE FHFH o= A
gigic}. 15 3¢ DFSE A-83F 7|<& o33 A
719e] == F=(pseudo code)E 2HI3I3Ich

1209

www.dbpia.co.kr



B2 8}3] =] (J-KICS) *13-12 Vol.38C No.12

for i=1:M
for j=1:M
Find P(61i,8y) ; Find D; and D; ;

for k=1:M

for m=1:M

% TAL Target Area of Interest
% DR: Set-up Range of Distance Criterion

if P_is_in_TAI && Di_is_in_DR && D,_is_in_DR

Find P(61,02,6s) ; Find Dy, D and Ds ;
if P_is_in_TAI && D1 is_in_ DR && D, is_in DR && Ds_is_in_ DR

Find P(B1;,62,636am) ; Find D1, Dz, Ds, and Dy ;
if P_is_in_TAI && D;_is_in_DR && D,_is_in_DR && Ds_is_in_DR && D4_is_in_DR
Add P to the list of candidates;

J% 3. DFS®| F1 A vgt sEz= (23 29 49
Fig. 3. Pseudo codes for selecting candidates of DFS (for the case of Figure 2)
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Fig. 5. EDS tree structure of (4>< 4) system in consideration of obstacles
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for i=1:number_of_targets_observed_by_Ry
for j=1l:number_of_targets_observed_by_ R
Find P(81,0;) ; Find D ; Find A ;

else

else

else

% TAL Target Area of Interest
% DR: Set-up Range of Distance Criterion
% AR: Set-up Range of Angle Criterion

if P_is_in_TAI && D_is_in_.DR && A_is_in_AR, Add P to the list of candidates ;
for k=1:number_of_targets_observed_by_R3;
Find P(e[l]i,e[zlj,eB]k) ; Find D ; Find A B
if P_is_in_TAI && D_is_in_DR && A_is_in_AR, Replace the last candidate with P ;
for m=1:number_of_targets_observed_by Ry
Find P(81,612j,83614m) ; Find D ; Find A ;
if P_is_in_TAI && D_is_in_DR && A_is_in_AR, Replace the last candidate with P ;

for m=1:number_of_targets_observed_by Ry
Find P(81,0.2;;04m) ; Find D ; Find A ;
if P_is_in_TAI && D_is_in_DR && A_is_in_AR, Replace the last candidate with P ;

for k=1:number_of_targets_observed_by_Rg3;
Find P(8q;,63) ; Find D ; Find A ;
if P_is_in_TAI && D_is_in_DR && A_is_in_AR, Replace the last candidate with P ;
for m=1:number_of_targets_observed_by_Ry
Find P(815,031,64m) ; Find D ; Find A ;
if P_is_in_TAI && D_is_in_DR && A_is_in_AR, Replace the last candidate with P ;

for m=1:number_of_targets_observed_by Ry
Find P(e[l]i,e[4]m) ; Find D ; Find A ;
if P_is_in_TAI && D_is_in_DR && A_is_in_AR, Replace the last candidate with P ;

a2l 6. EDS®] 5 AA | gt Fx3e (23 59 39D
Fig. 6. Pseudo codes for selecting candidates of EDS (for the case of Figure 5)
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