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LAST LECTURE

Introduction into Raytracing

Ray/Path Tracing Summary A Simpler Example. .. The Primary Ray

The ray is defined by two points
» The camera centre, [0,0,0]"
» The centre of the pixel (u, v)
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Pixel /image co-ords are (U, V)
» Need world (X, Y,Z) co-ords

B:[\ ;_ﬁ:\[@H o » Where is the image origin?
" N » How big is each pixel? f
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Ray/Path Tracing Intro Principle Primary Ray
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RAY CASTING VS, GPU

Ray Tracing GPU \Q
Primitives & o’ 5¢®
e
ft X Primitives
4
il

Rays  For each pixel
For each triangles
Does ray hit?
Keep closest hit

For each triangle
For each pixel
Does triangle cover pixel
Keep closest hit
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GRAPHICS PIPELINE

taant Vertex Primitive N Fragment )
Application Processor . bler Rasterisation Procasar Display
N N N\ N N
Commands Vertices Primitives Fragments Pixels
J ' T — |
CPU GPU
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OPENGL

+ Cross-language, cross-platform application
programming interface (API)

* Interface is platform independent
* Implementation is platform dependent.

 API for interacting with graphics processing unit
(GPU) to render 2D and 3D graphics

* The APl is defined as a set of functions
* “immediate mode" API
* Drawing commands
» No concept of permanent objects

Rurs on CPU

OpenGL driver

! Graphics hardware h— Rurs on GPU
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Rasterisation vs. Raytracing

UNIVEKSITY

The Graphics

°Ipeline

OPENGL
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ANO [ HER RENDERING APPROACH!?

Raytracing:
* Advantages

- Generality: Render anything that can be intersected
with a ray

* Realism: Shadows, reflection

* Disadvantages

« Performance: Often too slow for interactive
applications

By Tim Babb - Own work, GFDL,
https://commons.wikimedia.org/w/index.php?curid=3856908

* Ekach pixel touched many times
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REAL-TIME GRAPHICS

Demands:

* Full HD at 60 Hz: 1920 x 10380 x 60 Hz = |24
Mpx/s

* Stereo x2 (computing two Images)
* In real-time

- (Capacities for additional computations

How!

By Shawn Knight - http://www.techspot.com/news/65328-amd-radeon-rx-480-benchmarks-
bare-pcb-photos.html, CC BY-SA 4.0, https://commons.wikimedia.org/w/index.php?

* Haraware implementation: graphics processing rsasry
unit GPU

— OTAGO .
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REAL-TIME GRAPHICS

Based on rasterisation of graphic primitives:

o | =
Points ...
* Lines ™
* Iriangles Points Lines Triangles

* Implemented in hardware (GPU)
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RAY CASTING VS, GPU

Ray Tracing GPU

Primitives &

For each pixel For each triangle
For each triangles For each pixel
Does ray hit! Does triangle cover pixel
Keep closest hit Keep closest hit
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GPUS DO RASTERISATION

o GPU
« Rasterisation \@

UNIVERSITY

Computing for each triangle which e
pixel it covers oS

@@Q Primitives

Iriangle centric approach

Rasteriser only needs one triangle at a
time

For each triangle
For each pixel
Does triangle cover pixel
Keep closest hit
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DISADVANTAGES RAS TERISATION

* Restricted to scan-convertible primitives

* Requires conversion of complex objects
INto polygons

* Faceting, shading artefacts scan conversion scan conversion
flat shading gouraud shading

» Addressed by programmable per-pixel
shading

» No automatic handling of shadows, .
reflection, transparency

» More triangles than pixels?

ray tracing

Khronos Group. All rights reserved. This content is excluded from our Creative Commons license. For more information, see http://ocw.mit.edu/help/fag-fair-use/.
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GRAPHICS PIPELINE

* Input

o Geometric model

* Vertices, normals, texture coordinates

» Lighting/shading model
» Light positions

* View point and virtual camera configuration
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* Output

» Colour (and depth) per pixel on a screen

https://commons.wikimedia.o
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GRAPHICS PIPELINE

. Vertex Primitive . Fragment .
Applicat
PPIIcation Processor Assembler Rasterisation Processor Display
Commands Vertices Primitives Fragments Pixels
CPU GPU
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GRAPHICS PIPELINE

Vertices in Triangles in
screen space screen space

3D mesh Fragments Fragments Image Output

with colours
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L Vertex Primitive L Fragment .
Application Rasterisation S Display
_ Processor {_Assembler - Processor
Com mands> Vertices> Primitive> Fragment> ‘ Pixels >
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Vertex
Specification

UNIVERSITY

VERTEX PROCESSING

~ ~ ~
Vertex Shader Clipping Projection Viewport Transform
— — —
Coordinates Clipped Coordinates In Window
in Clip Space Coordinates image plane Space
. imiti L Fragment :
Application Vertex Primitive Rasterisation 5 Display
Processor {_Assembler - Processor
Commands Vertices Primitive> Fragment> ‘ Pixels >
| ] £ | £ P
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Vertices
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VERTEX SHADER

Programmable shader stage (GPU program)

“Shaders’ were small programs performing lighting calculations

Transforms input vertex stream Into stream of vertices

Uses 1r

model -

Vertex
Specification
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Vertex Shader

odel, view and projection
d to view and to cl

mapped onto the screen (clip space coordinates:
nomogeneous coordinates)

matrices to transform from

D space
N N :
> Clipping > Projection Viewport Transform
/L J/L \
Coordinates Clipped Coordinates In Window
in Clip Space Coordinates image plane Space

Vertices
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VERTEX SHADER: TRANSFORMATIONS

0000 0000

flA 5

———————————————————————————

World space View matrix Eye space

Model matrix Projection matrix Clip space

Object space

Input Vertex Projection Output Vertex
. Model Matrix ’ .
Coordinates Matrix Coordinates

Model-View Matrix

Model-View-Projection Matrix

UNIVERSITY
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VERTEX SHADER: EXAMPLE

P ———————————————— - P ———————————————— -

l '
l '
oooo | A [ [

=085 e

Modelmatrix w77 Viewmattix e

View matrix Projection matrix Clip space

Object space

World space Eye space

-
// Input vertex data, different for all executions of this shader.
layout(location = @) in vec3 vertexPosModelspace;

// Output data ; will be interpolated for each fragment.
out vec3 posWorldspace;

// Values that stay constant for the whole mesh.
// Model-view—-projection matrix
uniform mat4 MVP;

void main(){
// Output position of the vertex, 1n clip space : MVP x position

~
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gl _Position = MVP *x vec4(vertexPosModelspace,1);
J )
STEFANIE ZOLLMANN COMPUTER GRAPHICS - INTRODUCTION RASTERISATION AND OPENGL |6I



- Coordinates not entirely in view are clipped to the view volume

Vertex
Specification

By MithrandirMage [CC BY-SA 3.0 (http://creativecommons.org/licenses/by-sa/3.0)], via Wikimedia Commons

Vertex Shader

Coordinates
in Clip Space

CLIPPING

Clipping

\_

Projection

-

Clipped
Coordinates

\_

Viewport Transform

Coordinates in
image plane

Window
Space

Vertices
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PROJECTION

- We need normalised device coordinates ranging from -1 to +1 on
each axis regardless of the shape or size of the actual screen

* [Transforms clip space coordinates into normalised device
coordinates (NDC)

» Divide clip space coordinates (x,y,z) by clip-space factor w (x/w, y/w,

z/WwW) ’
-1,
( ) a ) -
Vertex \ o \ . . .
. Vertex Shader > Clipping ' Projection Viewport Transform Vertices
Specification / /
\_ _ \ _ \_
Coordinates Clipped Coordinates In Window
in Clip Space Coordinates image plane Space
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Vertex
Specification

VIEWPORIT TRANSFORM

s defined by the viewport definition

Output In window (pixel) coordinates

Vertex Shader

ﬁ\ﬁ
>

L

Clipping

Map resolution-independent normalised device coordinates to a
rectangular window In the frame bufter; the viewport

W,

</

0,0

\f

>

_—

Coordinates

in Clip Space

Coordinates

s

Projection

Viewport Transform >

Clipped

Coordinates in Window
image plane Space

Vertices
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PRIMITIVES ASSEMBLY

a 4 ﬁ\f
O O Primitive Generation > Primitive Processing > Face Culling
O - / - 4/ -
O
Vertices positioned Primitives on
on screen screen
L imiti L Fragment .
Application vertex Primitive Rasterisation S Display
_ Processor Assembler - Processor
Com mands> Vertices Primitive> Fragment> ‘ Pixels >
UNIVERSITY L/ L L/ l/ 1/
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PRIMITIVES ASSEMBLY

4 \'\f A 4
O Primitive Generation > Primitive Processing > Face Culling
O \. )n/k ,/\
O
Vertices positioned Primitives on
on screen screen

- Primritive assembly receives processed vertices, and the vertex connectivity
information as input

- Divides them into a sequence of individual base primitives
- Primitives now have a certain facing

- Face culling discards faces based on thelr facing
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PRIMITIVES ASSEMBLY: PRIMITIVES

r r ﬁ\r
O O Primitive Generation > Primitive Processing > Face Culling
O _ / 4 4/ _
O
Vertices positioned GL_LINES GL_LINE_LOOP GL_LINE_STRIP Primitives on
on screen - S - screen
GL_POINTS GL_TRIANGLES GL_TRIANGLE_STRIP | GL_TRIANGLE_FAN
V V V
0 o V. | V
V V3 2 4 2
e AR, | S
V1 VS | v V4 V3
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UNIVERSITY

RAS TERISATION

. (
Primitives o Fragments
Rasterisation
/

L imiti . Fragment .
Application vertex Primitive Rasterisation S Display
_ Processor r Assembler N Processor
Com mands> Vertices> Primitives Fragment> ‘ Pixels >

£ | £ | | £ P

L 2

»

of
OTAGO
AGO
D"_A
v Yo Whae Wilnnage o Ovdg

STEFANIE ZOLLMANN

COMPUTER GRAPHICS - INTRODUCTION RASTERISATION AND OPENGL

23



RAS TERISATION

Primitives o Fragments
Rasterisation

_—/ - - |
\ s Simple Method A

void ScanTriangle(Triangle T){
for each pixel P at (x,y){
if (Inside(T, P))
DoOperation(x, y);

Vertex Primitive Fragment

Application Rasterisation Displa
PP Processor Py

\ Assembler | Processor
Commands> Vertices> Primitives Fragment> ‘ Pixels>

a4
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UNIVERSITY

RAS TERISATION

—

»

Primitives Fragments
Rasterisation
/ \__ »
\ g Triangle Sweep-Line Algorithm )
1 1=
o — ) B
N ——
1‘1 |
\_ Y
Application vertex Primitive Rasterisation Fragment Display
_ Processor r Assembler - Processor
Commands Vertices Primitives Fragment> ‘ Pixels>
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FRAGMEN T PROCESSING

» Qutput of the rasterisation stage are fragments

 Fragments are processed by a fragment shader >

* Fragment shader have control over the color and depth values

Vertex Primitive Fragment

Application Rasterisation Display

_ Processor {_Assembler Processor
Com mands> Vertices> Primitive> Fragment Pixels >

|« | < P | — )
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FRAGMEN T SHADER: EXAMPLE

S

// Ouput data
out vec3 color:

uniform vec4 colorValue:
void main()

{

// Output color
color = colorValue.rgb;

( )

\_ Y
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LET'S GET PRACTICAL

How to talk to the Graphics Hardware!

AGO -
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OPENGL

» Cross-language, cross-platform application
programming interface (AP

» Interface Is platform independent

» Implementation Is platform dependent.

* A

Pl for Interac

INg With gra

unit (GPU) to render 2D a

* Works using a client-server model

Dr

ple

ICS processing
3D graphics

» Client (application) creates commands

* Server processes commands

» May, In fact, be the same machine
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Runs on CPU

~
Application
S
OpenGL client V
8
OpenGL framework
S
- _\/_
OpenGL driver
\_
OpenGL server j/?
-
Graphics hardware
\_

_Runs on GPU
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Important to note:

OPENGL

« The APl Is defined as a set of functions

* “Immediate mode” A

* Drawing commands

» No concept of permanent objects

UNIVEKSITY

7|

~
Wy,

Application

\_ _/

OpenGL framework

OpenGL driver

Graphics hardware

Runs on CPU

Runs on GPU
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OPENGL - HISTORY

» Originally released by Silicon Graphics Inc. (SGI) in 1992

» Now managed by non-profit technology consortium Khronos Group

» OpenGL has been through a number of revisions

» Significant changes:

* OpenGL 2.0 incorporates the significant addition of the OpenGL Shading

Language (also called GLSL)

* OpenGL 3.0 first major AP revision deprecated fixed-function vertex and

fragsment processing and direct-mode rendering, using g

Important:

3egin and gl

-nd

» [his lecture uses “modern” OpenGL (version 3.x and higher, latest is 4.5)
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SUMMARY

Ray Tracing GPU o
\ _ + Cross-language, cross-platform application -
Primitives Q) «® programming interface (API) [ —— ]
e\ 4 N
5\ QY-\\,;,Q*Q * Interface is platform independent OpenGLetent -~
e Primiti L on
I “ rimives — — primiove | | Fragment . - Implementation is platform dependent. rer— Fmon ey
Processor Assembler ensation Processor splay . . . . . . VS
%  API for interacting with graphics processing unit
\ \ N\ N\ N\ (GPU) to render 2D and 3D graphics D4
C“""‘"‘/‘} M‘V """“""“/> FW“""‘;} o /> » The APl is defined as a set of functions hﬂ
J ' J — J
. 'Y " " PI OpenGL l ’
Rays  For each pixel For each triangle KmEckate made A = -~ T
For each triangles For each pixel - * Drawing commands H -
Does ray hit? Does triangle cover pixel GPU N ¢ bi
Keep closest hit Keep closest hit O concept of permanent objects
E.()]'{;Ié; STEFANIE ZOLLMANN COMPUTER GRAPHICS - INTRODUCTION OPENGL 1 o Ol;\.b() STEFANIE ZOLLMANN COMPUTER GRAPHICS - INTRODUCTION OPENGL I . ()T\'(.(.:l STEFANIE ZOLLMANN COMPUTER GRAPHICS - INTRCDUCTION OPENGL

Rasterisation vs. Raytracing The Graphics Pipeline OPENGL
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WHAIT'S NEXT

OPENGL CONTEXT EXAMPLE:VERTEX BUFFER OBJECT FRAGMENT SHADER

Context creation with GLFW (library for creation and management of » Let’s create our first triangle using a vertex buffe

D

object Simple Fragment Shader outputting specified colour:

windows with OpenGL contexts)

— <+ // add color parameter to shader

#version 330 core GLint colorID = glGetUniformLocation(programID, "colorValue");
glm::vecd4 color = glm::vec4(1.0,0.0,0.0,1.0);

// Ouput data g\ProgramUniformdfv(programID,colorID,1, &color([@]);

// Representation of the 3 vertices of out vec3 color;

our triangle

//An array of 3 vectors each consisting uniform vecd4 colorValue; ,

of x,y,z2 void main() |

static const GLfloat datal[] = { {
-1.0f, =1.0f, 0.0f, // Output color = red

1.0f, -1.ef, 0.0f, color = colorValue.rgb;
9.0f, 1.0f, 0.0f,
H }

%() AL
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OpenGL Context OpenGL Objects Shaders
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Thank You!

For more material visit

http://www.cs.otago.ac.nz/
cosc342/
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