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Efficient Path Finding in 3D Games by Using Visibility Tests

Hyungil Kim*, Dongmin Jungﬂ,

ABSTRACT

Kyhyun Umm, Hyungije Choﬁﬂ, Juntae Kim

ianal

The navigation mesh represents a terrain as a set of triangles on which characters may move around.
The navigation mesh cab be generated automatically, and it is more flexible in representing 3D surface.
The number of triangles to represent a terrain may vary according to the structure of the terrain. As
characters are moving around on a navigation mesh, the path planning can be performed more easily
by projecting the 3D surfaces into 2D space. ITowever, when the terrain is represented with an elaborated
mesh of large number of triangles to achieve more realistic movements, the path finding can be very
inefficient because there are too many states (triangles) to be searched. In this paper, we propose an
efficient method of path finding in 3D games where the terrain is represented by navigation meshes.
Our method uses the visibility tests. When the graph-based search is applied to elaborated polygonal
meshes for detailed terrain representation, the path finding can be very inefficient because there are too
many states (polygons) to be searched. In our method, we reduce the search space by using visibility
tests so that the search can be fast even on the detailed terrain with large number of polygons. First
we find the visible vertices of the obstacles, and define the heuristic function as the distance to the goal
through those vertices. By doing that, the number of states that the graph-based search visits can be
substantially reduced compared to the plane search with straight-line distance heuristic.

Key words: Path Finding(7 & 4)), Visibility Graph(Z}Al4 Z22J32), Graph Search(Z#]x &A1),

3D games(3z-Q AY)
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Procedure A™-with-visibility-test {Start, Goal, obstacles)
check visibility from Start
// P is a list of visible points - one of which must be visited on the path to the Goal

P « visible vertices of obstacles or Goal = (vi, .., Vn)
g« 0
h « min [ d(Start, vi)+d{vy, Goal), -~ , d(Start, vo)+d(v,, Goal) ]

// OPEN is a priority queue sorted by g+h
OPEN — {(Start, P, g, h)}

While OPEN + @
(s, P, g, h) < first of QPEN
if (s = Goal) return success
else
generate children c;
// if current position is adjacent to one of the points in P, find new P
if ((s € P)and (all ¢i € P)) then
check visibility from s
P < visible vertices of obstacles or Goal
// compute heuristic using currently visible points
Vi, .., Vi < elements of current P
for each child c;
gi — g+ d(s, ci)
hi < min [ d(ci, vi)+d(vy, Goal), .. , d(ci, vi)+d(w, Goal) ]
insert (ci. P, gi, hi) into OPEN
return fail

L

a7 7. 7MY HAKE o3BT Bt 2412

(=it

o

Aoz FH3IHH 33U A Ao
3DMaxZ A3+ &, OpenGLA Y &R A A
Mty oy, oy AddE 33y AFPE o A daig|Eo] gl

o
o2 BE3] AFL FHSHAL etk 38 94

d

AR S e, $29)
Gehdich, AsolA 2

2

ol w2
2 rlo

of

o
=

Age =2 T ANE dhTh R WA AFS FAEBL Qs AFAHAN BEAFAA B o
ol 34 AN AN A P4 dn  4FSL GAsD YAk 2RAYAA 2y
F3h 2 w=polM A /A FAE o83 B th 19 Sh)E F A 94 PojBo] A H 33
AglZEe) Ax erMakd sl vim AF@olr)k H A AAE (FA A FHAAR AALES o83 g g1
WA Aol AolE WL AT W BAEY P2 g4 Avolth A59 Fe Ao e
Fue NE DA s UARe fuel he g ARARNM 59 4o 9o Yehd FEAY
Heg wa AP T oAA APANE AP A 29 $9F dFYSAE 29 e
BU2 W ATHE AT 48 S A2 G2 o I B0 §Y0R e viE we o
A st Fojg AL M A 45 B 2 S@REG S AL Fo) dAYsAT SGo]
23}, Bhdth, o)} o] He S BAYSANT 29

2 82 A AALE o83 WAl 2TelEa o] Yehdthe AL A AL 0183 g 9w
AEA B 20IEL 34D ANE AZelA ¥ AZol YA YnAZRT He gaFor Mg
L AYF A% Sdolth 1Y 8wE T AY A AN ZEANAA ALEE ©o1F AL 5 ok
g golgol 49 3349 Gl AFeIA 4¥H £ 2L YAt o) 2 Aol B o)FE
B drgze] gl Aot HEd Be 4L A4 YAE o8 B ¥meEL 3MY B



1491

=

= g

ol

8%

=

3xI2 AN

t

el

olge

=2
=

N 2IA

o e i vl S Wl e s B o
o = ome = ..n_no._o‘_d»‘ol o
%WWMME@@%%%,qwé&w%%a%aaw
%, .moxroeoauE%ﬂHd;d.ulﬂﬁﬂ_] _q_wL%o_._WuuuM
L_._%M%“N%Lm_u%ﬂlﬂiu‘ﬂw&L#Lo_qumEPﬂ%ﬂemwa]oﬂﬁﬂ%
ml&o,%%uu,%%ﬂ%ﬂﬂ%%ﬂwuwrﬂ%wx_@%
3 HO.NMM@‘H%W%@.W@W%% I S
; 3.TiriiEfEpiacEMIiicoge
Tl .%A1onull\ﬂwr._ﬂvuo_e&oot% NS = NP
-y - N T Yooy T =B
il 4+ = oy ol do o & W A X LTS %
© .mM_&Oqo_r SL‘LIZ_ﬂmM_IEU#wIOT]‘HD ‘Nle_D,I 71
mwow Tw P oS L EmE X mmﬂodﬂur%ﬂ]%méﬂ
= m,ﬂua;o17qqﬁaqe_aqgeﬁ;ﬂ@z7;%%44
anl Ao7ﬂuAToHom.Mzo#oﬂ_hu1rEwﬂ,mlo — ,‘&.NFH_-A 0
= o o W~ S B QX oy ool N ™ Aﬂue_
0 W B oo Au_w__ooﬁa‘ﬂn_nﬂoﬂ._l7.n_.muqﬂan o
< Eqmﬁﬂﬁowl_ﬁl\ﬁlﬁO_quOM%ﬂD.O&oq‘WUﬂNI]U,*ziy.\mb‘_l—kl
< B e "
A @g%ma%gﬂgﬂwwgﬂﬂzxwa%@ﬂﬁ%@
g Neyuﬁ%d.mﬁwmﬂn%%naﬂ.uqﬂ%wrlﬂoau%%%&_memu
o ;= ool = —
= %%Mom%mﬂ%%Wu\ﬂ%oﬂaﬂbaumgﬁmmmoﬁ_@z_u‘wutur_.
an R TR L _&o;_sﬂqmaaéﬂﬁ%
o o_a_ﬁﬂluIAan&oiu_.o = T W ﬁ%ﬂonBl&um%z_n
oo w.mouumﬂo?z_nmupﬂo%iamzﬂaux%ﬁo%meﬂr.o_axlo_ﬂ,m
&0 * X %Aeo_eufaemﬂmﬁﬁﬂouﬂmre
T
- N Koo TR W o m oo
= B = T 4N n _ —
B zREsEPaI R THURIRITBRTEET T
Looplﬂ_.od_/u&nui 1r ar IS B T S T
i ﬂiAnTZ@ua_ﬁ_ia _SLL_LHOC,W%“,MO_O. oo,LmL.t
<0 J.noﬁ,_._whuwm oleﬂMﬂ Nl:a:/m;w],ao.fldlrmtﬁmmu7 o
e ,Xlﬂ_muonﬁ Hﬁ MLEAT‘U!.ﬂAFnMOLt ydl\_lm_#ou,w,._u/lmﬂ&oi-_wﬂ
20 yﬂomawﬂrmom«dr7w%mialwr@u%x.ﬁ%m_ﬂ%mﬂwr.%
< 1\_%§_oxz_uwoxl._;amw = Rﬁﬂutodr.hﬂdraﬂ%ﬁln
R I BN s g g
N ﬂo#am,vw_vmmiww\_ T B 9 aﬁmma,gaA%au
w oy T AR _qﬂya_ﬂu@ﬂ%%ﬂ}ﬂEuEmmﬁ,ﬂ_omﬁ&aL
u %auoc%.oﬂjl._q%c_aoauo%sbﬂm.mmﬂ%x&L%ﬂﬂaui%
0 Hi}wmﬁmﬂmﬁﬁev,ﬁo%pﬂrﬁ%i70_E%ﬂ£uuua|a__ 3
i MoAuau.n_,_wau..qu}ﬂ& g RRERN o
© KB e o ., P 0 , = N N KRS HE T o
W e I I = Moo ® 5 AR = o
) Lt o m :.L —_ — ,Ul Q % iy Lt = 3 vi <
T R TR LT R T A M- s
o T 500 %EJ%I}A%GL%}HLLA%7
A R ;_z@ﬂfol%ﬂ_zmrz BT g0
= - wow WO o w oo Aot - = o do R
ﬂ%ﬂ%%ﬂr%ﬂmﬂﬂzgﬂEmwuuﬂ.oﬂﬁ.n.%m_.aonlwﬂmmmﬂbﬂ
oo X — ey e —_— =~
ﬂ‘._ﬁn,mweq_%!‘wﬂn7D_¢EuHD_OMEJ&lo_E%ﬂEﬁE.OI\OA.‘HDXo_aauﬁwlmL701ﬂ_
o TR %o = I = A
W E o~ f z.@wumbloz%ﬂmme_?ﬁ%#wgﬁ
= T W on R e N oxﬁﬁ%}Axﬂx; Nl
S35 ES 555 Fa g S 5515 2 2 P
Lo} Aﬂ_Ed.,..m—.o‘UIMﬂ‘Ul_\&ouAl

°]-&

=

=

TRAIA AL

i

<]
i

-

[e]
“



1492 ZEIOICIoES =2X M9A X115(2006. 11)

T 9. ot Helie| 3xHA Hojg Xlgoﬂﬁ—l B dof Bl ¢ (a) LXE HoliZolMef g g v, (b) "X} HoiE
XHollMo Bt Aot bW, (¢) ‘=X TohE X|FollAe] B A |
1. M8 50 WE Y2 A v|W
e R 4 8 % 5
3 ; — 28 g4 ag A
A% e FF A ga  |PEANE 18R AAL B H) g
o
A3-1 940 243 22 9.05 %
1y -2 1160 456 43 943 %
A¥-3 1404 520 47 9.04 %
A¥-4 1672 530 52 9.81 %
AF-5 1964 612 58 9.48 %
A¥-6 2279 732 63 9.29 %
237 2628 824 81 9.83 %




of

I

2]

%2 32k A elvt 7M1

M AR RE A, ZHe oW

=
T

=

2 HAoMe 22X0 Z2 84 1493

8 3R
2 o

=3
=

ol
% gajol nl
A o]ek,

=

=

s

itt. olet 2

3

ks
=]

=

Al A

ol Al

=
=2

oL} A gL AFEA

7] wgol, g

k=]
=

olJ

T W

oAA &

=

=

F7t 27t

o

212 100 vhEhd vhe} o) vz

ol

H

g °]

o 2 74 A

?}

1

T
ra

td = A vl

&

%7}

™

ol
W
ar

&
s

=

ol ME A

SRR ERR

ﬁo

[
[aN]

LS

=2
=

=EAAE o9 22 £A

£

(238
Bk
T
)
=r
iz}

o

oo
i
—_
pul

‘.MO

3}

°o]-&

ANY AAE

A~ L

1

3
=

&

o 2
= T

AN
A

B2

WA ABA g% AN DA

——
)

ﬁo

7!

ol

ol

p 64

@ A%

Ao A3

17he)th A

o)

Lo

A" Tz e 22767 0] 1 Ao &

ol
-

Aol A =

o
=

2719, 33k gl

A

|
o

A1

i

ol
T

off o

A

o
JERAIT 2ol

Fapel F7ksol= 7h14 AA

A

k<]
i

P

4

10.14%2 VEbgron], 23 -63}

3

&
=]
=

=

%3
Aol of

=P

[e]

o

BEEC R
W& 7k7} 929% 3} 983%

£ vEbdth Ag-1004

12670 2 7HA1A
AAL &4 Blg

ﬁo
o}
|

!

ojo

i

A ulg

4=

e

B
o)

9.11 %

10.14 %
0.49 %
9.44 %
9.28 %
917 %
9.08 %

126
114
134
123
134
119
116

°

< ‘m.MD

i
o

Bohg

T A
o o

=3 Fojz xIFolM

2.

k2

1242
1201
1420
1325
1462
1310
1274

2

2267
2278
2307
2212
2187
2104
2234

A &-1
A g-2
A ¥-3
A8 -4
A -6
A& -7




1494 HZEOICIOSE =2A XA XM115(2006. 11)

g

i
o

A BF 2 Y71A]

P

fov i
or Ho
Fui: e
OHI' r.gnm

£

o I o &=

—_

or Mo 2
o fo 4y M

o e o v

o
R:3

o -y
)
X db R
o
2 2
RS

oXx = e o oX

o}o—-?i fr o
>
o
2
x
N
N
>

Mo

o

fru

éﬁ "o
N

™

>
——

ot
12

1= ok ox
£ A
ol
o
2y

=9
=2
f
o it
ok

1

Ky
£
=3
ot
=
IS

=)

il

o
@ Mo
o

A AE ol &
041968 UrEhith A F5
AgelN e F57k ZrhekE Y

¢

)
=

N
)
2
o
B
I
)
ofN
N
L
olt
ol
X
[2)
N
>N
>

A + A}
o]-8-% g e gutslA Yelsth B ol
o g Hlm AgdXe Z¥H &
AALE o] &3 B4 gy Fe
182 HH 9.38%E Ueldon, FojE 9
St 7HAIA AALE o] &3 &4
F2 &M Heg vepdds RS

E oo o o
N 12 XN oZ’_,
© K o 0t £ B Al o o

4 w2
L

iy
S
2
>
2
[
0,
o)
N
)
>
oX
o
S
P
il
o
=2
ol oft

o
=

N

z
o
iy o
> £ o oo
ol

~

Atk 7R HALE o
gl 714 wol 28

fr o ¥ 3o
o ™ oap I

o g 4
% @ o
8|
rir
o orlo oX o &=

i

2o
m
by

oft
it
% ©
R
XN

o
2
0,

r

.

S
K
AL
aly
o

> ol oY o ol
P
tlo
i)

TR V= PN TI J  I
-loll NIO _Q:
)

Ir
N
2
o
oY,
>
i
S
o
=S
ot
1=
12
ke
o
ol

op op S

[ 1] F. Durand, G. Drettakis, and C. Puech, “The
3D visibility complex,” ACM Transactions on
Graphics. Vol. 21, No. 2, pp. 176-206, 2002.

[2] W. Sterren, “Terrain reasoning for 3D action
games,” Proceedings of the CGF-AI Conference,
pp. 307 - 323, 2001.

[3] T. Sederberg, J. Zheng, D. Sewell, and M.
Sabin, “Non-uniform Subdivision Surface,”
Proceedings of the ACM SIGGRAPH'98, pp.
387-394, 1998.

[4] M. Yamamoto, Y. Isshiki, and A. Mohri,

“Collision free minimum time trajectory plan—

[6]

[71]

(8]

[9]

[10]

[11]

[12]

{131

(14}

ning for manipulators using global search and
gradient method,” Proceedings of the IEEE
Conference on Advanced
Robotic System and The Iteal World, pp.
2184-2191, 1994.

S. Rabin, “A" Speed Optimizations,” Game

International

Programming Gems, Charles River Media,
2000.

G. Snook, “Simplified 3D Movement and
Pathfinding Using Navigation Meshes,” Game
Programming Gems, Charles River Media,
2000.

S. Wismath, “Computing the full visibility
graph of a set of line segments,” Information
Processing Letters, No. 42, pp. 257-261, 1992.
E. Angel, Interactive Computer Graphics,
Addison Wesley, 2000.

B. Stout, “The Basics of A* for Path Planning,”
Game Programming Gems,
Media, pp. 254-263, 2002.
M. Berg, M. Kreveld, M. Overmars, and O.
Schwarzkopt,

Charles River

Computational  Geometry,

Algorithms and Application, Springer-
Verlag, pp. 305-314, 1997.

S. Ghosh and D. Mount, “An output sensitive
algorithm for computing visibility graphs,”
Proceedings of the Z28th Annual IEEE
Symposium on Foundations of Computer
Science, 1987.

H. Overmars and E. Welzl, “New Methods for
Computing Visibility Graphs,” Proceedings
of the 4th annual Symposium cn Computational
Geometry, pp. 164-171, 1988,

M. Pocchiola, and G. Vegter, “Computing the
Visibility Graph via Pseudo-Triangulations,”
Proceedings of the 7th annual Symposium on
Computational Geometry, pp. 248-257, 1995.
H. Alt, M. Godau, and S. Whitesides,
“Universal 3-dimensional visibility
sentations for graphs,” Computational Geometry:
Theory and Applications, Vol. 9, No. 1-2, pp.
111-125, 1998.

repre—



7N ZAIE 0188 3AIY JL0INS S250! Z2 ©§M 1495

[15] J. Hancock, “Navigating Doors, Elevators,
Ledges, and Other Obstacles,” Al Game
Programming Wisdom, Charles River Media,
2002.

[16] H. Bronnimann, M. Glisse, and D. Wood,
“Cost-optimal quadtrees for ray shooting,”
Proceedings of the 14th Canadian Conference
on Computational Geometry, pp. 109-112,
2002.

[17] H. Choset, I. Konukseven, and A. Rizz,
“Sensor Based Planning: A Control Law for
Generating the Generalized Voronoi Graph,”
Proceedings of the &8th International
Conference on Advanced Robotics(ICAR'97),
1997.

(18] M. Eck and H.
Reconstruction of B-Spine Surfaces of

Hoppe, “Automatic
Arbitrary Topological Type,” Proceedings of
the 23rd International Conference on
Computer Graphics and Interactive Techniques

(SIGGRAPH "96), pp. 325-334, 199%.

4y 9
19964 EART $3 &
(o]8k4})

19963 ~ 19983 (F)74 71 &3}

2001d F=uidm okl
B 3-8 (F AL

20043 F=oidtw oiEgd AF
B 3-8} 2} (F-81 5k AL

AEot  HElntjo] HRX, AY, AEY olo|AHE,
1A%, AR AN e-learning

e

M = g

< -

2003 T oiEln HFEdE ]
tjojZea  E(F
AP).

2005 F=oigtn oighd AF
B T3 (F &AL,

2005 ~ ¥ A Tl chehel
7 FEl F et gk ),

A 7 9

19759 Agdgn T8 &
83 T8}
19774 fd=Hstr)ed d98s
o] 8k A}

1994 M&stn gt AF
B 38} Fetuba)
19789 ~2006d 6¥ F=uistaw
AFEDE o] T8I} Fas
2006'd 7€78A TN w G0 IATRE AYEH

HrjojFsta Jms
1998 ~E A g=xHEjn|r]oldt s 234, AEAY, &
A FA B
2004 ~HA fxAYSE 2, G AEHLD
ARl AU Al=d] 4, dEvgo] Ala" A,
deivto] ARz, HElvjto] § oy

ol A

z 88 A
1973 RAtogn AA-EE G
(8}

19753 = 58r|ed A7) - A
23 & (F 8k AL
19864 gh=rmsty|jed A7 -
23 (F etk
19865 ~ @A H=dlistu HET]
tjojsta} w4
Aol HAFE 2P, A, dAEARRE=EAE,
AFE A

)

fus)

d ZE H
1986d Mgty AojA=Es
7 £4(F8Ah
19903 wl= Univ. of Southern

California, Electrical
Engineering-Systems(

19931 d ¥ = Univ. of Southern
California, Computer Engineering(Ph.D.)
19943 ~1995'd ©)=+ Southern Methodist University,
Computer Science and Engineering(Postdoc)
19959 ~dA FIoHsta AFE TS wy
BEk: AT, WolErle)d, AngA 2%5F o
o] M E. e-learning



