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Abstract This paper proposes a hybrid rendering method which combines pre-computed global illumination
results and interactive local illumination techniques and thus could interactively produce photo-realistic visual
effects for mobile entertainment applications. The proposed method uses the programmable shading capability of
OpenGL, a de facto standard for computer graphics library so that it can be deployed in a real-world
development environment. Also, it increases the rendering time by a negligible amount compared to normal
rendering time since the pre-computed results are used as operands of plain arithmetic operations. Therefore it
is expected to be applicable in practice for mobiles games which require real-time responsiveness to users.
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A BEl dlAKE fl8) AMEStaL, 3 HaAE A=Y
WS 8] ARgE) wheba] 1205 ZollA] 09 B~ 9
lax AFE YR 7|2 B 1eE S8 A Ao
HZ dAFI, 15UA SolA 210A SolAe FHE
AN HAEANA D= #H7A, = HAuANA FY
FAZ WAgsle] Hlax HAE Foz A ol |
Edi=3

1// to fragment shader

zvarying vecd vNormal;

zvarying vecd vEye;

4

Svoid main()

L

7 // caleulate a vertex position in the conventional way:

& // from object-space into clipping-space

3 gl Fosition = 1

10 B

b5 // bypass texture coordinates

1z gl TexCoord[0] = gl MultiTexCoordd;

13 B -

14 /¢ generate eye-linear texture coordinates for shadowing
15 vecd ecPos = gl ModelViewMatrix + gl Verces;

16 gl TexCoord[3].s = dotiecFos, gl EvePlanes[3]);:

17 gl TexCoord[3].t = dot{ecFos, gl EvePlaneT[3]):

18 gl TexCoord[3].p = dotiecFos, gl EvePlansR[3]);:

19 gl TexCoord[3].q = dotiecFos, gl EvePlan=Q[3]);:

z0 // transform them to light fruscum

21 gl TexCoord[3] = gl TextursMacrix[3] * gl TexCoord[3];

22 B B B

23 /¢ for caleulating specular components in fragwent shader
N vEye = -normalize(ecPos.xyz);

25 “Mormal = normalize (gl NormalMacriz + gl Normal)

26 B B

27 /¢ sh awbient & diffuse

28 vesd temp = vecd (0.0

E temp = tewp + gl BackMaterial.swbient + gl MuleiTexCoordl;
a0 temp = tewp + gl BackMaterial.diffuse + gl MuleiTexCoordz;
a1 temp = tewp + gl BackMacerial.specular * gl MultiTexCoordd:
az temp = tewp + gl BackMacerial.ewission * gl MultiTexCoordS:
33 B -

E gl FroncColor = vecd(vec3 (dot(temp, vecdil.0]))

ES + gl FrontHMaterial.diffuse.rgh, 1.0);
36}

[Fig. 8] Vertex shader code

24, 507 2& F WAL WAl BaF T AR
41 WEIS) A3 WEE ARAA ALEA 070 o

A7eket. gl NormalMatrix(gl_ModelViewMatrix £
%] 3x3eE o] e H e X8 H-transpose- P E[16])
HE 2 Ho|e7t A5 7] 2 GLSLAA] A-so2 7
T PE=, 7)o EA FxA Je] WAl dEE
st Al A FoE WA WE7L wgEn

B~2WA 22 SH A ATE 3 HEx o]
HZ ol Fdeo] SH Al 16709 &2 #3f W
(1,245 0-4A] "2, 3-d=9 W& 73 doj& A
o] SH A5 168 WAsks F2oltt,

o ool
ol

AzHom UBWA FAAE WAL B+ 4
#afol el A

Ao} e Bl A7 ol Al Ad e
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3.3.2 T 4lo|

1// textures

zuniform sampleril decallap: /o

Funiform samplerzDbShadow shadowMap: // 3

4

§// flags

6 uniform int iTexEnabled;

7uniform int iShadowMapped:

#uniform int iCaleSpecular;

s

10/¢ in the eye coordinate system if not bump mapped.

11/¢ in the surface local coordinate system, othervise.

1z varying vecd vNormal;

13 varying vecd vEye;

14

18 void maini)

16 ¢

17 /i texture

18 vec: surfaceColor:

1 if [iTexEnsbled == 1)

20 surfaceColor = (decallap, gl _TexCoord[0].st);

21 else surfacecolor = vecd(1.0):

2z

23 // specular

R vecd reflectVecd = normalize( (

28 -gl_LightZource[0] .position.xyz, vNormal)):
26 vecd specularl = vecd (0);

27

zs // check 1f SHADOVED

28 vecd lightdimoing = vecd (0.6);

a0 veed shadow = vecd (0.4);

aL if [iShadowMapped == 1) {

3z shadow = ishadowlap, ¢l TexCoord[3]).rgh * vec3 (O0.4);
3z : -

as

g // Phong lighting equation

ES if [iCalcSpecular == 1 £f shadow.r == 0.2 // only when not shadowed|
a7 £6 gl_FrontMarerial.specular.r > 0.1) {

s specular0 = vec3 (poumax (dot (vEye, reflectVecO), 0.0), 64])
ES) ® gl_FrontMaterial.specular.rgh;

40 ¥ -

a1

4z // final blending

43 gl_FragColor.rgh = {lightdimming + shadow) ©

a4 - (speculard * gl LightSource[0] .specular.rogb
48 + gl _color * surfaceColor.rghi;

a5 gl_FragColer.a = 1.0;

47 -

[Fig. 9] Pixel(fragment) shader code
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[Fig. 101 A rendering of a car model (53,126 tris.)
Wireframe(top—left) = SHL only(top-right)
= +Specular reflection(bottom-left)
= +Shadow map(bottom-right)
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[Fig. 111 A rendering of David head (16,111 tris.)
(Top: diffuse only, Bottom: with specular reflection)
(Left: without SHL, Right: with SHL)

3.4.3 % mHol 2ol

[Fig. 12] A rendering of book shelf model (76 tris.)
(Top: using Qpen@L fixed functions, Bottont using SH)
(Left: without a shedow mep, Right: with a shedow mep)
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(Table 1) Statistics of models

File Size(MB) Pre-
comput
No. of .
Model . SH ing Note
Tris. | Model Coeff. Total Time
(sec.)
Car | 53K | 2630 | 5837 | 6100 | 804 [SHL+SM+PS
David | 16K | 0930 [ 1762 [ 1860 | 207 | SHL"™+PS
David | 000 1 19300 | 33070 | 34900 | 33739 | SHL+pS?
(High res.)
Book shelf] 76 [ 0008 | 0001 [ 0009 | 1 SHL+SM®

USHL : SH Lighting, “PS : Phong Shading, “SM : Shadow Map

[Fig, 10~12= 3 917 Zs}e] 444 9] 23, <Table
1>& g A9 Asks Bk of)e] <Table 2>
o1% Helste] shtel BolA AT AE W)

(Table 2) Quantitative/Qualitative evaluations

Categories Level
g Time 800 sec.
8
o | &
§ & Memory |*About a small 60 MB
§~ ] scene of 50K
= polygons
5 ? Time 30 fps
[
@
,% Memory 65 MB
g Ambient Interfreﬂectlon Yes
& caustics No
g‘r Diffuse Yes
% Self Yes
3 Shadow | Soft Yes
o g Hard Yes
% = Specular Yes
8 = Processing | Vertex Yes
8 g Unit _ |Pixel Partly Yes
2 . Area Yes
o
2 Snght Directional Yes
B OUrees  [Point (local No
=2 s Movable Light Sources Yes
b Flexibility Movable Objects Yes
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