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Architecture and Path-Finding Behavior of An Intelligent
Agent Deploying within 3D Virtual Environment

Incheol Kim': Jaeho Lee'™t

ABSTRACT

In this paper, we introduce the Unreal Tournament (UT) game and the Gamebots system. The former is a well-known 3D first-person action
game and the latter is an intelligent agent research testbed based on UT. And then we explain the design and implementation of KGBot, which
is an intelligent non-player character deploying effectively within the 3D virtual environment provided by UT and the Gamebots system. KGBot
is a bot client within the Gamebots System. KGBot accomplishes its own task to find out and dominate several domination points pre-located
on the complex surface map of 3D virtual environment. KGBot adopts UM-PRS as its control engine, which is a general BDI agent architecture.
KGBot contains a hierarchical knowledge base representing its complex behaviors in multiple layers. In this paper, we cxplain details of KGBot's
intelligent behaviors, such as locating the hidden domination points by exploring the unknown world effectively, constructing a path map by
collecting the waypoints and paths distributed over the world, and finding an optimal path to certain destination based on this path graph. Finally
we analyze the performance of KGBot's exploring strategy and control engine through some experiments on different 3D maps.
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Initial Handshake Messages

* Game Type/Tearr/ID : INI
Synchronous Messages

» MSG Boundary : BEG, END
* Game State : GAM * Shoot : SHOOT, STOPSHOOT
* Player State : SLF, PLR > Change Weapon :

* Perceived Obkects : NAV, MOV, CHANGEWEAPON

DOG, PLG » Sending Message :

Asynchronous Messages MESSAGE

* Received Message | VMS, VMT ° Check Reachability :

* Changed Zone : ZCF, ZCH CHECKREACH

» Changed Weapon : CWP, AIN  ° Get Path : GETPATH

» Collision/Fall : WAL, FAL, BMP

> See : SEE

» Damage : PR], KIL, DIE, DAM

* End Game @ FIN

Commands

= Movement : SETWALK, STOP,
JUMP, ROTATE, RUNTO,
STRAFE, TURNTO
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* Name
» Documentation : commnet
* Purpose : goal
» Context : condition
« Body : procedure
Action : achieve, execute, query, test, assert, retract
« Effect : simulation mode

« Failure
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EXPLORE(p)

/* V :a set of visible nodes
R :a set of reachable nodes
P : a set of unit paths, ie., arcs
G the directed path graph

IF the current position is not on the node p,
THEN move to the waypoint p

Ve{LRe{)P={}
00

WHILE (6 < 360), DO
V « VISIBLE-NODES(p)

R < REACHABLE-NODES(p,

P<PU{prireR}

V)

IF there exists a domination node d in R,
THEN record the location of d

Rotate right in A8 degree
8 <6 +216
END

G GUV, P

IF found all hidden domination nodes, THEN return G

FOR each reachable node r in R

IF r is an unvisited node, THEN call EXPLORE(r)

END

*/
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7R v @Atk ojEd thg =EE AHss olF A
3 AZE ool g HA do] Wzge}l FdsE WA
oJtH17,23). ol=id AAT 2 duYFEL A A
# ol &) 7 Z(optimal solution path)& BA4& & fIAwH
ATAHA ezl g4 gudFed s 449 & 4=
(sub-optimal solution path)& wj-¢ %zl g & vtz
A ok 2 dTolA FHARA Tped e mE
of 3t KGBoto] Zfell A4 o]Fo] £25e Az

- T

oluel o]lEA 8o AQHE AIZMA AN AL 7

Aug, oxaiel g4 e A'e IDA” dudFE uil

AAIZE el g whwlel LRTA™ dxeEe 3e3kh
(7Y 13)& 9t ¥9AS B3 49 BB Az qus

ol g3to] HA X9 wTolr Fudte] B

w7} 7] wkE o= KGBote] AAI7E A A4

¢l LRTA" ¢udEe g3 Ed3n Q

(37 12) HAlzE 22 F719] of

FIND-PATH-LRTA(x, goal, G)

/* X the current node,
goal : the goal node
G : the directed path graph
k(x, x') : the edge cost from x to x* */

IF the current node x is the goal node, THEN return with
success

/* Lookahead */
FOR each neighbor x' of x

Calculate f(x') = k(x, x') + h(x")
END

/* Consistency maintenance */
Update the value of h(x) to the minimum f(x) value as follows
h(x) < min {f(x) } for all neighbors of x

/* Action selection */

Move to neighbor X’ that has the minimum f(x’) value
X < X

Call FIND-PATH-LRTA (x, goal, G)

(38! 13) HAZ 42 37| garlE

hOe 1 ol E-lH XA AaANS olnjsh=
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