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2 47 29 oAo dFAE EE olx ==
ojp| t} WES Aejo]7] W FU ==
23R geth g 289 1 o k9]
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Function : simpleDFS(S_NODE)
C_NODE = S_NODE /* start node */
N_NODE, Y _NODE = null
do
while(exhausted(C_NODE) != true)
do
N_NODE = selectNextNode(C_NODE)
advanceTo(N_NODE)
push( HISTORY, C_NODE ) /* history stack */
C _NODE = N_NODE
end
do
Y_NODE = pop(HISTORY)
until{(exhausted(Y_NODE) '= true) or
(empty(HISTORY) = true))
if (exhausted(Y_NODE) '= true),
moveShortestPath(C_NODE, Y_NODE)
C_NODE = Y_NODE
until (empty(HISTORY) = true)

Function : exhausted(C_NODE )

for each neighbor Y NODE of C_NODE
if unvisited(Y_NODE), retum false

return true

Function : selectNextNode(C_NODE)

f = 10000 /* a large value */

for each neighbor Y_NODE of C_NODE
if distance(C_NODE, Y_NODE) < f,
B_NODE = Y_NODE
f = distance(C_NODE, Y_NODE)

return B NODE

[28 5] SimpleDFS g12|&
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4.3 DFS-RTA* 9} DFS-PHA* 212|5

OA ANE T BALE $13E SimpleDFS ¢
gZolA STUCKo] HAE wojct T2 =7}
A ojd Wyoz =HEopl=u v ARL
SimpleDFSel 9§ F7F @A 34 A ¢ 584

of & JFe oAt $7 LA o|F A2
$4S 913 Al ol-34 BADFS), Hel-$

A EABFS), 283 HEF Zlol-$4 g4
(Iterative Deepening Search, IDS) 59| thoFst
g g A8g 4= 9ok A AT A%k
gAo F8A4S veEdttA Ax FagEd 7=
g AN Ad A2 g S F4de Ao
uh2 & Aol
B =RM Agdte 30 A ¢nEFE

DFS-RTAx*$} DFS-PHA*+= SlmpleDFS%_}.ilE]
2 7122 3%, £ xE(bactrack node)7}A]
W o]lFg 93 AAZ AT AR Y °‘"’E]
Z9) RTA+9} PHA*E 7t2} A 8¢ duaFsol
o (2% 6]7 [ 712 ZHzh Azt «74‘& %‘i
2 432]E<2 RTA*SF PHA*S X8% 3
2, [2% 519 SimpleDFS &1gj&elA F3
=R Ad A2 2 o537 93l 2&d= F
28491 moveShorestPath(C_NODE, Y_NODE)

Function : RTA(S_NODE, G_ NODE)
C _NODE = S_NODE ; best = 0
do
for each neighbor Y _NODE of C_NODE
f = h(Y_NODE,G NODE) + k(C_NODE, Y_NODE)
if f < best, B NODE = Y_NODE ; best = f
_advanceTo(B_NODE)
C_NODE = B_NODE
until C_NODE = G_NODE

(2% 6] RTAx 212|F
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Function : PHA(S_NODE, G NODE)
C_NODE = S NODE ; best = 0 -
do
N_NODE = best node from OPEN_LIST
if N_NODE = explored
lowerLevel(C NODE , N NODE)
C_NODE = N_NODE
untit C_NODE = G_NODE

Function : lowerlLevel(C_ NODE, G_NODE)
S NODE = C_NODE
f=0
do
for each neighbor Y NODE of C NODE
f = g(Y_NODE) + h(Y_NODE,G_NODE)
if f < best, B NODE = Y NODE ; best = f
moveTo(B_NODE)
C_NODE = B_NODE
until C_NODE = G_NODE

[28 7] PHA- 212|&F

S gl AR ARz g 5&
°]7] $I3 DFS-RTA#*9} DFS-PHA*| X+
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o] E KGBot® &3t #AF 9 78S 3 4
259t KGBot2 Unreal Tournament A3
Gamebots A| 28 A Al tiAIE) &4
o2 AYHE AloJstxes /Mdd shte] HE &
glo] A E (bot client)elth. [28 812 HNA #+H
(First-Person Shooting) Al¥¢1Unreal Tourna-
mentAIY Y ¢ FAE HAFT [O8 9 &

o|UEY HES dAFE A A3y 93l UTAYS
438 GamebotsA|2Ele] FERE HAFRT
(Adobbati, R. 2001). KGBot= T2 3704
o|HEQ] mE ¥k 3P9jo} B3 ER-AFH
PSS BT EFHo T g¥H3ln AP & 3
£ doJAE FZ CAAE o)&3lo AwEct
(7914, 2003). CAANIA Z e FHE A=A
(precondition), A% &(body), THEaoF sk

T . SO S
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SEXISHEA A S =2 H11# ®M15 20054 69 161



2ol - 2ol
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dEL 7 AL Y FE FAREE O
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Abstract

Real-time Graph Search for Space Exploration

Eunmi Choi* - Incheol Kim*

In this paper, we consider the problem of exploring unknown environments with a mobile robot or
an autonomous character agent. Traditionally, research efforts to address the space exploration problem have
focused on the graph-based space representations and the graph search algorithms. Recently EXPLORE, one
of the most efficient search algorithms, has been discovered. It traverses at most min(mn, d"+m) edges
where d is the deficiency of a graph, m is the number of edges and n is the number of vertices. In this
paper, we propose DFS-RTA* and DFS-PHA*, two real-time graph search algorithms for directing an
autonomous agent to explore in an unknown space. These algorithms are all built upon the simple depth-first
search (DFS) like EXPLORE. However, they adopt different real-time shortest path-finding methods for fast
backtracking to the latest node, RTA* and PHA*, respectively. Through some experiments using Unreal
Tournament, a 3D online game environment, and KGBot, an intelligent character agent, we analyze

completeness and efficiency of two algorithms.

Key words : Space Exploration; Real-time Graph Search; RTA* Algorithm; PHA* Algorithm; Depth-First
Search

* Department of Computer Science, Kyonggi University
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