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Rendering Pipeline

Vertex shader Shape assembly Geometry shader

\2

Tests and Blending Fragment shader Rasterization



Lighting

glEnable (
glCullFace (




Forward Rendering
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Forward Rendering




Deferred Shading
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Deferred Shading




Deferred Shading




Deferred Shading




Deferred Shading




Deferred Shading

lights Material

I, = koig+ Y (kgina(N)Y(L) + kyin (R V)*)

m

Normal Vector _
Light Vector

L = PL -
P; : Position of Light
: Position of Vertex



Texture
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Texture

void glGenTextures (GLsizei n, GLuint* textures);

OpenGL Version
Function / Feature Name | 31 | 32 | 33 | 40 | a1 |

glGenTextures ------------

glGenTextures (1, &texture);
glBindTexture ( , texture);

void glCreateTextures (GLenum target, GLsizei n, GLuint™ textures);

mmmmmmmm

gcreatetextres | - | - [ - [ - | - | - | - [ - | - | - [ - [ ¢« |

glCreateTextures ( , 1, &texture);



https://github.com/fendevel/Guide-to-Modern-OpenGL-Functions/blob/master/README.md

Texture

void glTexParameteri (GLenum target, GLenum pname, GLint param);

glTexParameteri (
glTexParameteri ( , , );
glTexParameteri (
glTexParameteri (

void glTextureParameteri (GLuint texture, GLenum pname, GLint param);

glTextureParameteri (texture, ) );
glTextureParameteri (texture, ) );
glTextureParameteri (texture, , );

(

glTextureParameteri (texture, , );



https://registry.khronos.org/OpenGL-Refpages/gl4/html/glTexParameter.xhtml

Texture

void glTexlmage2D (GLenum target, ... GLsizei height, GLsizei width, ... GLenum type, const void™* data);

OpenGL Version

%0 [ 21 [ 50 [ 51 [ 32 [ 33 [ 40 | 41 | 42 | a3 | a4 ]
------------
glTeximage2D ( , 0, , width, height, O, , , nullptr);

void glTextureStorage2D (GLuint texture, GLsizei levels, ... GLsizei width, GLsizei height);

mmmmm

------------
gexturestorage20 | - | - | - | - | - | - | - | - | - [ [ - [ «|

glTextureStorage2D (texture, O, , width, height);
glTextureSublmage2D (texture, 0, 0, 0, width, height, , , nullptr);



https://registry.khronos.org/OpenGL-Refpages/gl4/html/glTexImage2D.xhtml

Texture

void glActiveTexture (GLenum texture);

Function / Feature Name

3o [ 21 [ 5o [ 33 [ 52 [ 55 | 4o [ a1 [ a2 [ 45 [ @& [ 45
---------
glActiveTexture ( +3);

glBindTexture ( , texture);

void glIBindTextureUnit (GLuint unit, GLuint texture);

glBindTextureUnit (3, texture);




Texture

OpenGL 2.0+

glGenTextures (1, &texture); n=o0,1,2..
glBindTexture ( , texture);

glTexParameteri ( , , );

glTexParameteri ( , , );

glTexParameteri ( , , );

glTexParameteri ( , , );

glTexImage2D ( , 0, , width, height, O, , , nullptr);

glActiveTexture ( +n);

glBindTexture ( , texture);
OpenGL 4.5+

glCreateTextures ( , 1, &texture); n=0,1,2..
glTextureParameteri (texture, , );

glTextureParameteri (texture, , );

glTextureParameteri (texture, , );

glTextureParameteri (texture, , );

glTextureStorage2D (texture, O, , width, height);

glTextureSublmage2D (texture, 0, 0, 0, width, height, , , nullptr);

glBindTextureUnit (n, texture);




Frame Buffer(VRAM)

Memory that stores the color values for each pixel on the display
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Frame Buffer

render P
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Unbind
* Framebuffer *

Draw call

Generate render
Framebuffer ' Bind I

+ Framebuffer
Attach texture,

render buffer
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Frame Buffer

OpenGL 4.5+
class FBO // Frame Buffer Object
{
public:
FBO();
~FBO();
void Initialize(unsigned width, unsigned height);
void Bind();
void Unbind();
private:

unsigned GBuffer0, GBufferl, GBuffer2; //texture, render target
unsigned u_GBuffer0, u_GBuffer1, u_GBuffer2; // texture unit
unsigned fbo_handle; //Frame Buffer Object Handle

unsigned rbo_handle; //Render Buffer Object Handle




FBO-Create FBO

void glGenFramebuffers (GLsizei n, GLuint™ ids);

OpenGL Version
Function / Feature Name

20 [ 21 [ 50 [ 51 [ 52 [ 33 [ 40 | a1 | a3 [ 45 [ a4 | as |
glGenFramebufters N I A 2 2 B2 2 2 2 2 A

glGenFramebuffers (1, &fbo_handle);
glBindFramebuffer ( , fbo_handle);

void glCreateFramebuffers (GLsizei n, GLuint* framebuffers);

glCreateFrameBuffers (1, &fbo_handle);




FBO-RBO

void glGenRenderbuffers (GLsizei n, GLuint™ ids);

e e S i

glGenRenderbufrers --------

a3 | aa | a5 |
v | v | < |

glGenRenderbuffers (1, &rbo_handle);
glBindRenderbuffer (

, rbo_handle);

void glCreateRenderbuffers (GLsizei n, GLuint™ renderbuffers);

OpenGL Version

—
mmm 41 | 42 [ 43 | 44 |

------------

glCreateRenderbuffers (1, &rbo_handle);




FBO-Attach RBO

void glRenderbufferStorage (GLenum target, GLenum internalformat, GLsizei width, GLsizei height);
void gINamedRenderbufferStorage (GLenum renderbuffer, GLenum internalformat, GLsizei width, GLsizei height);

OpenGL Version
mmmmmmmmmmmm

giNamedRenderbufferstorage - - r-r-r- e pe e e e
giRenderbutterstorage | - | - | | ] ] ] ] ] ] v ] ] «]

glRenderbufferStorage ( , , width, height);
gINamedRenderbufferStorage (rbo_handle, , width, height);

void glFramebufferRenderbuffer (GLenum target, GLenum internalformat, GLenum renderbuffertarget, GLuint renderbuffer);
void gINamedFramebufferRenderbuffer (GLuint framebuffer, GLenum internalformat, GLenum renderbuffertarget, GLuint renderbuffer);

OpenGL Version
N v~ o 7 e 3

------------
giNamedFramebutferRenderbutter | - | - | - [ - [ - | - | - [ - [ [ [ ||

glFramebufferRenderbuffer ( , , rbo_handle);
gINamedFramebufferRenderbuffer (fbo_ handle , , rbo_handle);




FBO-Attach Texture

void glFramebufferTexture2D (GLenum target, GLenum attachment, GLenum textarget, GLuint texture, GLint level);
void gINamedFramebufferTexture (GLuint framebuffer, GLenum attachment, GLuint texture, GLint level);

Function / Feature Name | 2.0 | | 3.0 | 31 | 32 | 33 | 40 | 41 | 42 | 43 | 44 | 45 |

EEXS
oiFramebuttertextwre | - -0 -] -]l ]} ] | v

giframebuffertexturer0 | - | -« v v vl e eyl
oiframebuffertextore20 | - | -«
giframebufferfextures> | - | -« v v v v e v v v
oiNamedFramebuttertextare | - | - | - | - | - [ - [ - | - | - | - [ - [ <

glFramebufferTexture2D | , , , GBufferl, 0);
gINamedFramebufferTexture (fbo_handle, , GBuffer1, 0);




FBO-Specity a list

void glDrawBuffers (GLsizei n, const GLenum™* bufs);
void gINamedFramebufferDrawBuffers (GLuint framebuffer, GLsizei n, const GLenum™ bufs);

glDrawBuffers (3, buffers);
gINamedFramebufferDrawBuffers (fbo_handle, 3, buffers);

GLenum buffers[3] = { , )




FBO-Specity a list

GLenum buffers[3] = { , GL_COLOR_ATTACHMENT1, GL_COLOR_ATTACHMENT2};

/

Fragment Shader

layout (location=0) in vec4 position;
layout (location=1) in vec4 normal;
layout (location=2) in vec4 color;
layout (location=0) out vec4 ;
layout (location=1) out vec4 GBufferl;
layout (location=2) out vec4 GBuffer2;

void main( )

{
GBuffer0O = position ;
GBufferl = normal;
GBuffer2 = color;




FBO-Validate

GLenum glCheckFramebufferStatus (GLenum target);
GLenum glCheckNamedFramebufferStatus (GLuint framebuffer, GLenum target);

eunction /reatwewame Ty TseTar e[ as T ae e [as e [aa T a5

glCheckFramebufferStatus ( );
glCheckNamedFramebufferStatus (fbo_handle, );

if ( glCheckNamedFramebufferStatus (fbo_handle, ) 1=
{

}




FBO-Validate

BUFFER_UNDEFINED is returned if the specified framebuffer is the default read or draw framebuffer, but the default framebuffer does not exist.
NT is returned if any of the framebuffer attachment points are framebuffer incomplete.
TRACHMENT is returned if the framebuffer does not have at least one image attached to it.

SUFFER AT MENT ( CT_TYPE is GL_NONE for any color attachment point(s) named by GL T \UFFER1.

_BUFFER is returned if the value of GL_FF

PLETE READ BUFFER is returned if GL READ BUFFER is not GL NONE and the value of GL EBUFFER AT MENT CT TYPE is GL_NONE for the color attachment point

D is returned if the combination of internal formats of the attached images violates an implementation-dependent set of restrictions.

MELE is returned if the value of GL RENDERBUFFER IPLES is not the same for all attached renderbuffers; if the value of GL T is the not same
B PLES does not match the value of GL. TE ‘ IPLES.

- s not the same for all attached textures; or, if the attached images are a mix of
E for all attached textures.

is returned if any framebuffer attachment is layered, and any populated attachment is not layered, or if all populated color attachments are not from
textUIes of the same target.




Geometry Pass
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Geometry Pass-Bind

void gIBindFramebuffer (GLenum target, GLuint framebuffer);

glBindFramebuffer ( , fbo_handle);
glBindFramebuffer ( , 0);

glBindFramebuffer(GL_READ_FRAMEBUFFER, m_fbo_deferred->GetHandle());
glBindFramebuffer(GL_DRAW_FRAMEBUFFER, m_fbo->GetHandle());

glBlitFramebuffer(
@, 8, Input::s_m_windowSize.x, Input::s_m_windowSize.y, // source region
8, 8, Input::s_m_windowSize.x, Input::s_m_windowSize.y, // destination region
GL_DEPTH_BUFFER_BIT, // field to copy
GL_NEAREST // filtering mechanism

5




Geometry Pass-Overview

OpenGL 3.0+

glGenFramebuffers (1, &fbo_handle);

glBindFramebuffer ( , fbo_handle);

glGenRenderbuffers (1, &rbo_handle);

glBindRenderbuffer ( , rbo_handle);

glRenderbufferStorage ( , , width, height);
glFramebufferRenderbuffer ( , , , rbo_handle);
glFramebufferTexture2D ( , , , GBuffer0, 0);
glFramebufferTexture2D ( , , , GBufferl, 0);
glFramebufferTexture2D ( , , , GBuffer2, 0);
glDrawBuffers (3, buffers);

if (glCheckFramebufferStatus ( ) 1= )

{

// Check error with return value

}
glBindRenderbuffer ( , 0); //unbind

glBindFramebuffer ( , 0); //use default framebuffer

glBindFramebuffer ( , fbo_handle);
// Draw call here
glBindFramebuffer ( , 0);




Geometry Pass-Overview

OpenGL 4.5+

glCreateFrameBuffers (1, &fbo_handle);
glCreateRenderbuffers (1, &rbo_handle);
gINamedRenderbufferStorage (rbo_handle,
gINamedFramebufferRenderbuffer (fbo_handle,
gINamedFramebufferTexture (fbo_handle,
gINamedFramebufferTexture (foo_handle,
gINamedFramebufferTexture (foo_handle,
gINamedFramebufferDrawBuffers (fbo_handle, 3, buffers);
if ( glCheckNamedFramebufferStatus (fbo_handle,

, width, height);
, GBufferO, 0);

, GBuffer1, 0);
, GBuffer2, 0);

) 1=

, rbo_handle);

// Draw call here
glBindFramebuffer ( , 0);

{

// Check error with return value
}
glBindRenderbuffer ( , 0); //unbind
glBindFramebuffer ( , 0); //back to default framebuffer
glBindFramebuffer ( , fbo_handle);




Geometry Pass

OpenGL 4.5+

glBindFramebuffer ( , fbo_handle);
// Draw call here

glBindFramebuffer ( , 0);

glUseProgram (shader_handle);

glDrawArrays (...); //or glDrawElements
glUseProgram (0);




Geometry Pass

glUseProgram (shader_handle);
glDrawArrays (...); //or gIlDrawElements
glUseProgram (0);
Vertex Shader Fragment Shader

layout (location=0) in vec4 position_in; ‘ | layout (location=0) in vec4 position;
layout (location=1) in vec4 normal_in; | | layout (location=1) in vec4 normal;
layout (location=2) in vec2 texcoord_in; | | layout (location=2) in vec4 color;
layout (location=0) out vec4 position; layout (location=0) out vec4 GBufferO;
layout (location=1) out vec4 normal,; layout (location=1) out vec4 GBufferl;
layout (location=2) out vec4 color; layout (location=2) out vec4 GBuffer2;
uniform sampler2D color_texture;
void main( ) void main()
{ {

position = ... ; //world coordinate GBuffer0 = position ;

normal= normalize(...); //world coordinate GBufferl = normal;

color= texture2D(color_texture, texcoord_in) ; GBuffer2 = color;

gl_Position = worldTONDC * position; }
}




Lighting Pass

Framebuffer —<
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Lighting Pass

Framebuffer —=




Review

Generate Generate Attach
Eramebuffer mmlp Ghbuffers(textures) mmmlp Gbuffers and renderbuffer
and Renderbuffer to the framebuffer

N

Bind * Unbind * Bind Gbuffers * Dfar‘]"’ Fl.J” sgrsefr; Ql:jad
Framebuffer ) —p> Framebuffer to the lighting shader with using Gbufter data
corresponding to each pixel

Draw call

\



Advanced

GBuffer0Q null
GBufferl null

GBuffer2 null

GBuffer3




Pros & Cons

* Lighting is less dependent on geometry e Hard to support a wide variety of materials

e Worst case complexity depends on number of e Cannot handle translucent or transparent objects
object and lights

e Easy to integrate with screen-space techniques
such as shadow mapping, temporal anti-aliasing



Forward + Deferred

Blit

» Default Framebuffer(Screen) * Forward Rendering

Framebuffer —=

Renderbuffer(Depth)



Forward + Deferred

void glIBlitFramebuffer (GLint srcX0, GLint srcYO, GLint srcX1, GLint srcY1, GLint dstXO0,
GLint dstYO, GLint dstX1, GLint dstY1, GLbitfield mask, GLenum filter);

glBindFramebuffer ( , foo_handle);
glBindFramebuffer ( , 0);

gIBlitFramebuffer (
0, 0, width, height,
0, 0, width, height,




Forward + Deferred

void gIBlitNamedFramebuffer (GLuint readFramebuffer, GLuint drawFramebuffer,
GLint sreX0, GLint srcYO, GLint srcX1, GLint srcY1, GLint dstX0, GLint dstYO, GLint
dstX1, GLint dstY1, GLbitfield mask, GLenum filter);

gIBlitFramebuffer (
fbo_handle, O,
0, 0, width, height,
0, 0, width, height,




Forward + Deferred

TN

Bind ' . ' Unbind ' Bind Gbuffers
Framebuffer ‘ m Framebuffer to the lighting shader

Draw call

Draw Full screen Quad Blit
with using Gbuffer data * from user defined FBO * Forward Rendering
corresponding to each pixel to default one

\



Local Lighting

Deferred Rendering  wlpp-




Local Lighting

,. gl _FragCoord.xy/u_window_size.xy

Additive Blending On

Depth Test Off

Face Culling On




Internship

Resume

Jinwoo Choi

EDUCATION

Portfolio Personal Projects

PROJECTS

HEY, I'M RAM MAHESHWARI

PROJECTS

(Digipen Handshake resume guideline) I_In kEd | n, LeetCOde, etc.


https://digipen.joinhandshake.com/stu/schools/1396/articles

