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Course	  web	  site	  (includes	  course	  informa4on	  sheet):	  

	  http://www.cs.toronto.edu/~kyros/courses/418/ 

Instructor:	  Kyros	  Kutulakos	  
Office: 	   	  BA	  5264	   	  	  

Phone:	   	   	  946-‐8045	  

Email: 	   	  kyros@cs.toronto.edu	  

Hours: 	   	  W	  5:00-‐6:00	  (or	  by	  appt)	  

Textbooks:	  	  Fundamentals	  of	  Computer	  Graphics	  (required)	  	  
	  	  	  	  	  	  	  OpenGL	  Programming	  Guide	  &	  Reference	  

Tutorial	  lectures:	  Wednesdays	  @	  6	  (first	  tutorial	  next	  week)	  

Last	  name:	  A-‐K	  (BA	  2135,	  TA:	  Micha	  Livne)	  

Last	  name:	  L-‐Z	  (BA	  2139,	  TA:	  Hanieh	  Bastani)	  

0.	  	  Introduc4on:	  What	  is	  Computer	  Graphics?	  

1.	  	  Basics	  of	  scan	  conversion	  (line	  drawing)	  

2.	  	  Represen4ng	  2D	  curves	  
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“How	  can	  I	  use	  Corel	  PhotoPaintTM	  to	  turn	  the	  sky	  green?”	  
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The	  science	  of	  turning	  the	  rules	  of	  geometry	  and	  physics	  into	  
(digital)	  pictures	  that	  mean	  something	  to	  people	  
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The	  science	  of	  turning	  the	  rules	  of	  geometry	  and	  physics	  into	  
(digital)	  pictures	  that	  mean	  something	  to	  people	  

Technology	  for	  genera4on	  of	  visual	  media	  (images	  &	  digital	  
video)	  with	  control	  over	  style,	  appearance,	  realism,	  mo4on,	  …	  

Key	  Elements:	  	  

•  modeling	  objects	  &	  scenes,	  anima4on,	  rendering	  	  

•  algorithms	  &	  data	  structures	  

•  interface	  design	  &	  programming	  

•  mathema4cs,	  physics,	  op4cs,	  psychophysics	  

Movies	  define	  direc4ons	  in	  CG	  
Set	  quality	  standards	  
Driving	  medium	  for	  CG	  
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Games	  emphasize	  the	  interac4vity	  and	  AI	  

Push	  CG	  hardware	  to	  the	  limits	  (for	  real	  4me	  performance)	  

Costly	  to	  build	  physical	  prototypes	  

Ohen	  CG	  models	  are	  easier	  &	  cheaper	  alterna4ve	  

Requires	  precision	  modeling	  

Interac4ve	  engineering	  visualiza4on	  
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Requires	  handling	  large	  datasets	  

May	  need	  device	  integra4on	  

Requires	  handling	  large	  datasets	  

May	  need	  device	  integra4on	  
Real-‐4me	  interac4ve	  modeling	  &	  visualiza4on	  
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Interac4on	  with	  sohware	  &	  hardware	  

Emphasis	  on	  usability	  
Typically	  simpler	  (need	  to	  deal	  with	  simple	  2D	  objects)	  

•  	  Form	  

How	  do	  we	  represent	  (2D	  or	  3D)	  objects	  &	  environments?	  

How	  do	  we	  build	  these	  representa4ons?	  

•  	  Appearance	  
How	  do	  we	  represent	  the	  appearance	  of	  objects?	  

How	  do	  we	  simulate	  the	  image-‐forming	  process?	  

•  	  Behavior	  
How	  do	  we	  represent	  the	  way	  objects	  move?	  

How	  do	  we	  define	  &	  control	  their	  mo4on?	  
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Image	  =	  distribu4on	  of	  light	  energy	  E(x,y,λ,t)	  on	  2D	  “film”	  	  

pixel	  

Image	  =	  distribu4on	  of	  light	  energy	  E(x,y,λ,t)	  on	  2D	  “film”	  	  

Digital	  images	  represented	  as	  rectangular	  arrays	  of	  pixels	  

= picture	  	  
	  	  	  element	  
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shape/surface	  
geometry	  

illumina4on	  

&	  reflectance	  

camera	  

pixel	  array	  

Modeling	   Anima4on	   Rendering	  

•  Geometry:	  points,	  curves,	  
&	  surfaces	  

•  Scene	  Objects:	  parts,	  
rela4ons,	  &	  pose	  

•  Texture	  and	  reflectance	  
(e.g.,	  color,	  diffusivity,	  
opacity,	  refrac4ons)	  

•  …	  

•  Key-‐frame,	  mo4on	  
capture,	  inverse	  
kinema4cs,	  dynamics,	  
behaviors,	  mo4on	  
planning,	  …	  

•  Visibility	  
•  Simula4on	  of	  light	  	  	  (e.g.,	  
illuminants,	  emissive	  
surfaces,	  scanering,	  
transmission,	  diffrac4on,	  
…)	  	  

•  Special	  effects	  (e.g.,	  an4-‐
aliasing,	  mo4on	  blur,	  non-‐
photorealism)	  
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Smooth	  surface	  patches	  

Polygon	  meshes	  

Point	  clouds	  

Texture	  maps	  

Parametric	  curves	  

How do we represent an object geometrically on a computer?  
How	  do	  we	  represent	  an	  object	  geometrically	  on	  a	  	  
computer?	  

Behavior	  rules	  

Key-‐Framing	  

Physical	  simula4on	  



11 

Input:	  	  	  	  Scene	  descrip4on,	  ligh4ng,	  camera	  

Output:	  Image	  that	  the	  camera	  will	  observe	  
	  	  	  	  	  	  	  	  	  	  Must	  consider	  visibility,	  clipping,	  scan	  conversion,	  	  
	  	  	  	  	  	  	  	  	  	  projec4on,	  textures,	  …	  
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Principles	  

Theore4cal	  &	  prac4cal	  founda4ons	  of	  CG	  
(core	  mathema4cs,	  physics,	  modeling	  methods)	  

CG	  programming	  (assignments	  &	  tutorials)	  

• 	  Experience	  with	  OpenGL	  (industry-‐standard	  CG	  library)	  
• 	  Crea4ng	  CG	  scenes	  

	  Part	  1:	  Basic	  graphics	  primi4ves	  (≈	  3	  weeks)	  

Part	  2:	  Viewing	  in	  3D	  (≈	  2	  weeks)	  

Part	  3:	  Appearance	  modeling	  &	  rendering	  (≈	  4	  weeks)	  

Part	  4:	  Interpola4on	  (≈	  2	  weeks)	  

Part	  5:	  Anima4on	  (≈	  1	  week)	  
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#2:	  	  	  how	  to	  turn	  math	  &	  physics	  
	  	  	  	  	  	  	  	  	  into	  pictures	  

#1:	  	  	  yes,	  math	  IS	  useful	  in	  CS	  !!	  

#3:	  	  	  basics	  of	  image	  synthesis	  

#4:	  	  	  how	  to	  code	  CG	  tools	  

Grading:	  
•  50%:	  4	  assignments	  handed	  out	  usually	  on	  WEDNESDAY	  
	  (15%	  15%	  10%	  10%)	  

•  50%:	  1	  test	  in	  class	  (15%)	  +	  1	  final	  exam	  (35%)	  	  
•  First	  assignment:	  on	  web	  next	  Wednesday	  
•  Check	  web	  for	  schedule,	  dates,	  more	  details	  &	  policy	  on	  late	  
assignments	  	  

Tutorial	  sessions:	  
•  Math	  refreshers,	  OpenGL	  tutorials,	  addi4onal	  topics	  
•  Anendance	  STRONGLY	  encouraged	  since	  I	  will	  not	  be	  
lecturing	  on	  these	  topics	  in	  class	  

Lecture	  slides	  &	  course	  notes:	  on	  web,	  aher	  class	  
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• 	  A	  simple	  (but	  inefficient)	  line	  drawing	  algorithm	  

• 	  Bresenham’s	  algorithm	  
• 	  Line	  an4-‐aliasing	  

(10,5)	  

(80,60)	  

x	  

y	  

Drawing	  command:	  
	  	  	  	  	  Draw	  a	  line	  from	  point	  (10,5)	  
	  	  	  	  	  to	  point	  (80,60)	  
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x	  

(10,5)	  

(80,60)	  

y	  

Con4nuous	  line	  

x	  

y 

Digital	  line	  

2.	  Clipping	  

If	  one	  or	  more	  endpoints	  is	  out	  of	  bounds,	  paint	  only	  the	  line	  
segment	  that	  is	  within	  bounds	  

3.	  Region	  filling	  
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Digital line 

Continuous line 
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Digital line 

Digital line 
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Digital line 

Digital line 
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Digital line 

Digital line 
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• 	  A	  simple	  (but	  inefficient)	  line	  drawing	  algorithm	  

• 	  Bresenham’s	  algorithm	  
• 	  Line	  an4-‐aliasing	  
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• 	  A	  simple	  (but	  inefficient)	  line	  drawing	  algorithm	  

• 	  Bresenham’s	  algorithm	  
• 	  Line	  an4-‐aliasing	  
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“Jaggy”	  

Aliased	  line	   An4-‐aliased	  line	  

Intensity	  propor4onal	  to	  pixel	  	  
area	  covered	  by	  “thick”	  line	  
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Aliased	  line	  

An4-‐aliased	  line	  

• 	  Explicit	  representa4on	  
• 	  Parametric	  representa4on	  
• 	  Tangent	  &	  normal	  vectors	  

• 	  Implicit	  representa4on	  
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• 	  Explicit	  representa4on	  
• 	  Parametric	  representa4on	  
• 	  Tangent	  &	  normal	  vectors	  

• 	  Implicit	  representa4on	  



32 



33 



34 



35 



36 



37 



38 

• 	  Explicit	  representa4on	  
• 	  Parametric	  representa4on	  
• 	  Tangent	  &	  normal	  vectors	  

• 	  Implicit	  representa4on	  
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• 	  Explicit	  representa/on	  
• 	  Parametric	  representa/on	  
• 	  Tangent	  &	  normal	  vectors	  

• 	  Implicit	  representa/on	  
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