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o OpenGLO| ZHO||= 37X @471 Za
= 22 (Lights)
= X & (Materials)
s HOo| HAMHEIE (Normals)
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OpenGL Lighting

o OpenGLOJM K| B3ls ZHOH
m StH2/FHA (ambient lights)
m ™22l (point lights)
m HESEM ol /mHol Akl /1 7 2| 22l (directional lights)
m MH AR (spot lights)
o H2|o 2 19| M 7| &2 (attenuation)
= Physical attenuation: I(R)
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OpenGL Lighting

O OpenGLOj|A{ lightingE& AtE3%l2{H GL_LIGHTINGS
g o}l OF oty
glEnable(GL_LIGHTING);

O ol HOjk StLtol ZRlS 2-d3lsl{of otLt.
glEnable(GL_LIGHTO);

0 OpenGLOf A= Z[Cff 8712 H&Z X[ZY & ULt
GL_LIGHTO, .., GL_LIGHT7

o Z|Cf Fel O
glGetlntegerv(GL_MAX_LIGHTS, GLint *num_lights);

o OpenGLOj|A{ lighting H|ZHd 3}
glDisable(GL_LIGHTING);
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OpenGL Light Sources
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GLfloat position[] = {0, 1, O, O}; // directional light
GLfloat white_color[] = {1, 1, 1, 1};

glEnable(GL_LIGHTO);

glLightfv(GL_LIGHTO, GL_POSITION, position); // light position
glLightfv(GL_LIGHTO, GL_DIFFUSE, white_color); // light color

OpenGL Light Source Position

o &2 infinite light (22 directional light)O| AL} local
ight (22 positional light)0|L}.
» Infinite light source9| 2 & 82 Z+2 gtsrz 2t
m Local light sources &57t°| E™X|HO|M 2= Hl0|Ct
m 2Ol X2 4HF £f0] 00|H infinite light (directional
light)0| 2, 10|™ local light (point light)O|C}.
o Off A
// directional light comes from above
GLfloat position0[] = {0, 1, 0, O};
glLightfv(GL_LIGHTO, GL_POSITION, position0);
// point light comes from point (0, 1, 0)
GLfloat positionl[] = {0, 1, 0, 1};
glLightfv(GL_LIGHT1, GL_POSITION, positionl);
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OpenGL Light Source Position

o 2219| QX|= x| H3l (transformation)d]| &S
I:H-hl:l-

o Light2 MA ZtEA (world coordinates system)0f| A{
dold &= /A= 7oyt et =0 X|7d5t= A0| Lt

o LightS =3t K9} 20| #E HZof olsf 2
QIT}.
AN

o O x:

// make a point light comes from position (5, 0, 7)
GLfloat position[] = {0, 0, 0, 1};

glPushMatrix();

glTranslatef(5, O, 7);

glLightfv(GL_LIGHTO, GL_POSITION, position);

glPopMatrix();




GL SPOT CUTOFEFE

o dA/T= 22 (spot light source) ST DIRECTION 0 OpenGLOj| A= GL_LIGHTO, GL_LIGHT], .. S &
HISEX| & #IEf (spot light direction) - KNG 2N o] 72| -2 SA0 2dstet =
MLt ZtE (spot light cutoff) QICt.
&2 7|5 (spot light exponent) & AHE3HH ELCF B2 spot light X|CH 87MFX|Q] HAS AIREH 4= QUL
A Z1
S L GLfloat position[] = {-1, 1, 2, O};
GLfloat direction[] = {0.0, -1.0, 0.0} glEnable(GL_LIGHT1);
g:||:!gEt;Zé?_L[;éi?'gO,G(la_L;ISDFC))?TE?JI'I%E:I?S\LOgIredlon); glLightfv(GL_LIGHT1, GL_POSITION, position);
glLightf(GL_ , GL_ ~ , 15.0f); o o -
: o 42 B2 lightZ ALESHH A AHZ0| SO{LHA £
glLightf(GL_LIGHTO, GL_SPOT_EXPONENT, 10.0f) mapd HE e AEE == & ol
o 20| Zt4| (attenuation): 1//@ + bd +cd?)
Default a = 1, b=0, c=0
glLightf(GL_LIGHTO, GL_CONSTANT_ATTENUATION, 2.0f);
glLightf(GL_LIGHTO, GL_LINEAR_ATTENUATION, 1.0f);
glLightf(GL_LIGHTO, GL_QUADRATIC_ATTENUATION, 0);
0O ME Sd2 BHO| L2 O{EHA BARSH=XE 0 Teapot2| X & Of| X
LIEFLYZ=CF.
o AL 7|=2No2 HHO| M2 LT
0o ZHO| 243tz ™, glColors FA|E| 1 X & (material)O|
CHAl AFR I
o XA £HHd2 glMaterial &4+E At510] X|dSHCt

glMaterialfv(face, property, value)
Face: e.g. GL_FRONT, GL_BACK, GL_FRONT_AND_BACK

Property: e.g. GL_AMBIENT, GL_DIFFUSE, GL_SPECULAR, GL_SHININESS,
GL_EMISSION, etc

Value: the reflection coefficients

Nonzero GL_EMISSION makes an object appear to be giving off light
of that color




OpenGL Light Color OpenGL Ambient/Diffuse/Specular Light
0 OpenGLOj|Al 222 M(color)dt ZE(intensity)E 7+X| 11 O OpenGL =Y REN A= 37tX| HEjO| EIAZ S
AL, 7| 2442 HiAo|Ct, gt
o RE7t E= 7—”JHI | M2 2o M (light color)d} R Q| A o Ambient light (2td&): CHE Y EHO|AM HFALL[Of
(material color) & 7to| gfdo = AFEICH LHee= 8 FHE ety ez A &
= Slo| M2 A0t RGB H10| K0 HLt=X|E O o Diffuse light (CHEEAREN: EH Higto 2 FIWSICH G
= MfEo M2 UotL PRGB 20| N[O M BIAtE|=X[E ZotC} FHO YoM DE disto 2 S AUE A HEALEL
= White light * red material = red ZHAFXLO| QK| QF S akst JhAE QHEA O SEf QL.
= Red Iight * white mate.rial = red o Specular ||g t (jg HI_I‘A|--_IIC_JI-): %Ici tc|>|-_6c_>l:—§ XI_|-6-O|.|-6-|_|:|_7|_
= Red |Ight * blue material .= black _-l:LD:'O'” ctor 3} ‘é,“étgi ZD}.-é-I_ | H|_|'A|'%! Hl_|_;z||.o|E
= Yellow light * cyan material = green EHS gEals [ o|RE
OpenGL Ambient Light OpenGL Specular Light
o232 HEHCE 50|e S A& 0| o HEARE 2 B HO| HHE 0| = highlightsE 4d g
0 EHO| Hefih= A 2H8l0] Atehol| &7Eet 87[2] 2O o HEARZ S| 37HX| £4:
DEA HHJUCHD 78 = XHEO| HHEAL A
0 SAT wute ZYO| BATMIL Y| BHZMO = = FEe| ¥ (shininess)
yNpSE=N m ZRO| FHUHAL M
GLfloat gray[] = {0.1, 0.1, 0.1, 1}; GLfloat white[] = {1, 1, 1, 1};
Glfloat white[] = {1, 1, 1, 1}; glLightfv(GL_LIGHTO, GL_SPECULAR, white);
glLightfv(GL_LIGHTO, GL_AMBIENT, gray); glMaterialfv(GL_FRONT, GL_SPECULAR, white);
glMaterialfv(GL_FRONT, GL_AMBIENT, white); glMaterialf(GL_FRONT, GL_SHININESS, 50);
O 3t gllightModel 3t4-2 ALR38I0] MYX sATS 0 GL_SHININESSZ}O| =2 ™ Zr2 MK 9| highlightO| 24
N8 == US. 0 FEAES H|2d oot 0 Xt 5FH, FEARSM S HEAM (O,
glLightModelfv(GL_LIGHT_MODEL_AMBIENT, gray); 0, 0)o &2 X|™gt.




Surface Orientation

o Lighting Ol A 50| EEBI0]A YOt &t
A 2FSE7] 2|51l A OpenGL2 EHO| Of=
U=X| LOLOF otLt.

o EHO| Htak (surface orientation)t =1,
“HEEAREE (diffuse light)Q| B 7| E A Al =LC}.

O HEMHO| 85k (surface orientation), 5! 9| BIak (light
direction), ZH&HXIE skst= HiskHIE (direction to the
viewer)&= FYtALE (specular light)Q| B 7|
A8 A =0
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Surface Normal

O HEHO| Btsk (orientation)2 HEHO|

AHE O ofo FolEltt.

o #Hol g HE = (ME2| Z0|7H 121) EHel#E (unit

vector) 0|0 OF stC}.

Po
n-(pP-py)=0

n=(p2-p0)x(pl-p0)
normalize n <« n/|n|

Vertex Normal

0 Ny +ng +ng+n,
| nytngtng |

Normal to Sphere

o Implicit function of Sphere:
= flxy.2)=0

o Unit Sphere:
= fip)=p-p-1=0

SR ERETE
= n = [0f/dx, 3ffdy, Afz]T=p




OpenGL Normal

0 OpenGLOj|A| HO| HMHEIE = gINormal &2 X|H™
0 OpenGLe| = ALt M= 2F HEL| HHHEHE AHEE
o Off A:

glBegin(GL_TRIANGLES);

glNormal3f(0, 1, 0);

glVertex3f(-1, 0, 0);

glNormal3f(0, 1, 0);

glVertex3f(1, O, 0);

glNormal3f(0, 1, 0);

glVertex3f(0, O, 2);

glEnd();

OpenGL Normal

o Shaded CubeE ZIC|

GLfloat vertex[][3] = {

{-1.0-1.0,-1.0, {1.0,-1.0,-1.0},
{1.0,1.0,-1.0}, {-1.0,1.0,-1.0}, 3
{-1.0-1.0,1.0}, {1.0,-1.0,1.0},
{1.0,1.0,1.0}, {1.0,1.0,1.0}

}' 7 6
GLfloat normal[][3] = {

{1.0, 0.0, 0.0}, //right 0

{0.0, 1.0, 0.0}, //top

{0.0, 0.0, 1.0}, //front

{-1.0, 0.0, 0.0}, //left 4 5

{0.0,-1.0, 0.0}, // bottom

{0.0, 0.0, -1.0}, /I back (0, 0, 1) front

OpenGL Normal

void polygon(int n, int b, int ¢ , int d)

gIBegin(GL_POLYGON);
gINormalfv(normal[n]);

Advanced OpenGL Lighting

glVertex3fv(vertex[a]); 3 2
glVertex3fv(vertex[b]);
glVertex3fv(vertex|c]);
glVertex3fv(vertex[d]); 7 6
glENd();
) 0
void cube() 1
{
polygon(0, 5, 1, 2, 6);  // right
polygon(1, 6,2, 3,7); // top 4 5
polygon(2, 6, 7, 4,5); // front (0,0, 1) front
polygon(3, 4,7, 3,0); /I left
polygon(4, 4, 0, 1, 5);  // bottom
polygon(5, 0, 3, 2, 1);  // back

O OpenGLO|A &3t lighting®& 7|55

Spotlights

Attenuation

Emissive materials

Two-sided lighting model
Color-material mode
Secondary specular color
Automatic rescaling of normals




