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Programming

Themes

2D Graphics

3D Graphics

Transforms Animation



Pre-Midte rm Topics
Rasteriza tion

 Line  drawing

 Fill a lgorithms

Bezier curves  & splines

Transformations

 Standard transform matrices

 Homogeneous  coordina tes

 Matrix multiplica tion
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Midpoint
Incrementa l
Anti-a liased

Flood fill
Scan fill

P ixe l origin conventions



Objects in 3D
How to define

 Vertices

 Faces  / triangular mesh

 Normal vectors  & right-hand rule

Transformations  in 3D

 Use in WebGL – Matrix4 defined transforms

 Use in animation



Hierarchical Models
Motiva tion for hie ra rchica l models

 How to des ign a  hie ra rchy

Applica tion

 How transformations  apply on hie ra rchy tree

 Using conta iner objects  in WebGL



Projection
What’s  important about projection?

 3D se tup: scene , camera , viewport, view frus tum

 Corresponding WebGL implementa tion

 Coordina te  sys tem convers ion: world, viewport, screen

Main projection types  & the ir math

 Perspective

 Orthographic

 Coordina te  axes  & transformation sequence



Shading & Lighting
Light source  concepts  & inte raction with objects

 Normal vectors , light vectors , dot products

 Diffuse  and specular shading: Lambertian vs . Phong

 Three .js : four illumina tion modes

Types  of light sources

 Ambient, point, directiona l, spot

WebGL implementa tion in Three .js



Texture Mapping
Main concept:  3D vertices   2D UV coords

 How to specify & use  in WebGL

 Perspective-correct mapping

Additiona l mapping applica tions

 Bump maps  and normal maps

 Shadow mapping

 “Baking” high-poly to low-poly

http://itha re .com/game-graphics-101-textures -uv-mapping-and-texture -filtering/



Rendering
Shading pipe line

 Vertex shaders

 Fragment shaders

 Clipping & culling

Depth rendering & hidden surface  removal

 Painte r’s  a lgorithm

 Z-buffer a lgorithm

http://itha re .com/game-graphics -101-rendering-2d-on-gpu-shaders /
https ://www.cs .prince ton.edu/courses /archive /fa ll00/cs426/lectures /scan/s ld002.htm

Half-triangle  fill
Barycentric coordina tes



Ray Tracing
Ray cas ting

 Ray representa tion & math

 Inte rsection with spheres  & triangles

 Use for collis ion de tection

Ray tracing

 Viewport scanning & pixe l math

 Recurs ive  tracing:  transmiss ion, re flection, shadows

 Stochas tic & multiray methods



Particle systems & their stages

 Emiss ion

 Simula tion:  phys ics , e tc.

 Rendering:  s ta tic/animated, discre te /volumetric

Subsurface  sca tte ring

 Depth map method

 Texture  diffus ion method

Wikipedia  – Sameboa t, CC SA 3.0https ://ka itlynplyley.com/2012/07/18/disneys -brave-new-ha ir/

Advanced Topics

https ://colinbarrebrisebois .com/2011/03/07/gdc-2011-approximating-trans lucency-for-a -fas t-cheap-and-convincing-subsurface -scatte ring-look/



Thank you!



Video 1A Review
After this  video, you should be  able  to:

 Identify applica tions  of computer graphics

 Dis tinguish be tween ras te r and vector image  formats

 Define  te rms: pixel and image  resolution

 Use RGB triple ts  to represent diffe rent colors

 Describe  the  axis  configura tion for s tandard screen coordina tes

 Work with points  in both pixe l cente r origin and corner origin conventions



Video 1B Review
After this  video, you should know how to:

 Build a  bas ic HTML page  tha t incorpora tes  a  graphics  canvas

 Identify open/close  tag pa irs  in HTML & check proper nes ting

 Define  functions  and variables  in Javascript

 Write  s imple  loops  and conditions  in Javascript

 Color individua l pixe ls  of the  graphics  canvas  in a rbitra ry colors



Video 2 Review
After this  video, you should know how to:

 Give  pseudocode  for a  s imple  line  a lgorithm, and implement it if need be

 Given endpoints  of a  line , de te rmine  the  proper loop for rendering it

 Carry out by hand the  ca lcula tions  for the  s imple  line  a lgorithm

 Give  pseudocode  for the  midpoint line  a lgorithm

 Expla in the  advantages  of the  midpoint a lgorithm over the  s imple  one

 Define  antia lias ing and how it applies  to drawing lines .



Video 3 Review
After this  video, you should know how to:

 Define  s imple , complex, convex, and concave  polygons

 Compute  the  cente r “pizza  s lice” angle  of an 𝑛𝑛-s ided regular polygon

 Compute  the  coordina tes  of a  vertex given the  cente r point and angle

 Draw a  sequence  of lines  in Javascript

 Write  a  function to draw a  regular polygon



Video 4 Review
After watching this  video, you should be  able  to…

 Define  the  2D fill opera tion

 Determine  4-connected and 8-connected regions

 Design a  recurs ive  function with s top condition & s implifica tion

 Implement a  recurs ive  2D fill a lgorithm

 Pseudocode  & s imula te  a  sweep-based 2D fill a lgorithm

 Expla in the  advantages  of the  sweep-based fill.



Video 5 Review
After watching this  video, you should be  able  to…

 Determine  the  magnitude  and direction of a  given vector

 Genera te  a  unit vector from an ordinary vector, or from a  2D angle

 Recognize  a  matrix and note  its  dimens ions

 Perform both addition and sca la r multiplica tion on matrices  and vectors

 Perform and implement matrix multiplica tion, where  poss ible

 Envis ion vectors  as  a  combina tion of unit bas is  vectors .



Video 6 Review
After watching this  video, you should be  able  to…

 Define  a  transformation and describe  why they a re  useful

 Describe  6 major transformation types  qua lita tive ly

 Express  6 major transformation types  numerica lly as  a  matrix

 Convert a  regular 2D vector into homogeneous  coordina tes

 Convert a  2x2 transformation matrix into a  3x3 homogenous  equiva lent

 Compose  transformations  by multiplying the ir matrices



Video 7 Review
After watching this  video, you should be  able  to…

 Lis t three  types  of coordina te  sys tems  used in graphics

 Describe  the  transforms  used to re la te  the  diffe rent coordina te  sys tems

 Recognize  tha t the  same effect can be  achieved through e ither transform

 Know how the  current transform affects  objects  added to a  scene

 Manipula te  the  current transform to achieve  des ired e ffects

 Unders tand tha t transforms  accumula te  through object part hie ra rchies



Video 8 Review
After watching this  video, you should be  able  to…

 Define  a  Bézie r curve  of any order

 Compute  the  point on a  Bézie r curve  a t pos ition 𝑡𝑡.

 Define  a  spline  curve  and give  two example  types

 Identify the  necessary conditions  for a  Bézie r spline  to be  smooth

 Construct a  cubic spline  given control points  & a  polynomia l curve  fitte r

 Recognize  other applica tions  of splines



Video 9 Review
After watching this  video, you should be  able  to…

 Expla in the  motiva tion for line  clipping

 Compute  Cohen-Sutherland endpoint codes , given a  point & viewport

 Use the  codes  to de te rmine  whether a  segment is  vis ible , and/or whether 
clipping is  required

 Clip line  segments  as  needed according to the  viewport boundaries

 Demonstra te  the  Sutherland-Hodgman polygon clipping a lgorithm by hand



Video 10 Review
After watching this  video, you should be  able  to…

 Lis t factors  tha t influence  the  formation of images

 Identify diffe rent coordina te  sys tems  used during 3D rendering

 Define  two types  of projections  & express  as  projection matrices

 Describe  the  view frus tum and its  purpose

 Project points  numerica lly from 3D to 2D under both orthographic and 
perspective  projection



Video 11 Review
After watching this  video, you should be  able  to…

 Set up a  web page  for 3D rendering us ing Three .js

 Add a  camera , lights , and vis ible  objects  to your scene  

 Make informed choices  about the  diffe rent ava ilable  options

 Crea te  cus tom object geometries  and combine  them with materia ls
 Write  code  to define  vertices  and combine  them into faces
 Control the  directiona lity of triangula r faces



Video 12 Review
After watching this  video, you should be  able  to…

 Write  a  ca llback function to perform animation in Three .js

 Express  3D transformations  mathematica lly as  4D homogeneous  matrices

 Express  3D rota tion as  a  compos ition of 𝑅𝑅𝑥𝑥, 𝑅𝑅𝑦𝑦, and 𝑅𝑅𝑧𝑧 component rota tions

 Apply trans la tion, sca ling and rota tion to 3D objects  in Three .js

 Use lookAt as  an a lte rna tive  to component rota tions



Video 13 Review
After watching this  video you should be  able  to…

 Propose  sens ible  groupings  of objects  and object parts

 Build scenes  as  hie ra rchies  of Object3D

 Employ object hie ra rchies  to e fficiently produce  a  des ired animation



Video 14 Review
After watching this  video you should be  able  to…

 Define  a  BRDF and expla in how it is  measured

 Lis t and describe  the  four types  of light transmiss ion in Three .js

 Compute  how geometry inte racts  with light pos ition in diffuse  shading

 Describe  and apply three  shading a lgorithms , a long with the ir diffe rent 
schemes  for handling surface  normal

 Unders tand how Three .js  computes  the  fina l color of a  pixe l

 Write  Three .js  programs tha t control shading to achieve  des ired e ffects



Video 15 Review
After watching this  video you should be  able  to…

 Describe  the  s tages  of the  graphics  pipe line  & what each does

 Implement a  ha lf-triangle  fill a lgorithm for a  polygon shader

 Compute  barycentric coordina tes  and use  them to find weighted averages

 Map textures  to objects  us ing a  texture  image  and 𝑢𝑢𝑢𝑢 coordina tes

 Expla in the  advantages  of a  texture  mipmap

 Implement texture  mapping in Three .js



Video 16 Review
After watching this  video you should be  able  to…

 Expla in the  need for perspective  correction in texture  mapping

 Compute  perspective-corrected UV coordina tes

 Unders tand the  normal map and bump map formats

 Use normal maps  and/or bump maps  to produce  textured shading e ffects

 Describe  the  shadow mapping a lgorithm

 Carry out shadow computa tions  in a  s imple  model



Video 17 Review
After watching this  video, you should be  able  to…

 Lis t three  major s tra tegies  for hidden surface  removal

 Identify polygons  outs ide  the  view or tha t face  away from a  camera

 Unders tand the  z buffe ring a lgorithm and its  limita tions

 Apply offse ts  in Three .js  to mitiga te  z fighting

 Perform bas ic opera tions  in Blender

 Work with models  from 3D archives



Video 18 Review
After watching this  video, you should be  able  to…

 Define  ray tracing and describe  how it diffe rs  from ordinary rendering

 Give  pseudocode  & computa tions  for a  s imple  raycas ting a lgorithm

 Unders tand recurs ive  ray tracing and how to follow light rays  in a  scene

 Compute  the  formula  for the  ray tha t trave ls  be tween two given endpoints

 Compute  the  inte rsection be tween a  ray and a  plane

Next time:  more  inte rsections



Video 19 Review
After watching this  video, you should be  able  to…

 Compute  the  inte rsection of a  ray and a  sphere

 Compute  the  inte rsection of a  ray and a  triangle

 Use a  s imple  technique  to rule  out inte rsections  with many objects  a t once

 Compute  the  new direction vector of a  mirror re flection

 Compute  the  new direction vector of a  transmitted ray with re fraction

 Describe  how to improve  image  qua lity by tracing additiona l rays

Music: https://www.bensound.com

https://www.bensound.com/


Video 20 Review
After watching this  video, you should be  able  to…

 Give  two reasons  for de tecting collis ions

 Describe  two s imple  methods  for checking poss ible  collis ions

 Describe  and implement an a lgorithm for de ta iled 3D collis ion checks

 Identify important e lements  in any success ful game



Video 21 Review
After watching this  video, you should be  able  to…

 Define  subsurface  sca tte ring and identify cases  where  it is  important for rea lism

 Describe  two techniques  for s imula ting subsurface  sca tte ring in rendered images

 Define  a  particle  sys tem in graphics and lis t three  common uses

 Describe  how the  s ta te  model and its  upda te  governs  the  behavior of a  particle

 Expla in how s imila r mathematica l processes  can genera te  very diffe rent e ffects  
such as  fire , wa te r, ha ir, and cloth
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