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CS348b: Image Synthesis

Goal: How to generate photorealistic images? 

Applications 

￭Movies 

￭Games 

￭ Industrial design 

￭ Architecture 

￭ Commerce 

￭ Cultural heritage 

￭ Simulators (ML) and trainers

Lecture 1

War for the Planet of the Apes (2017)



The Abyss (1989)



Jurassic Park (1993)



Toy Story (1995)



Titanic (1997)



Bunny (1998)



Gravity (2013)



Battle Angel (2019)

https://www.youtube.com/watch?v=cislZ9S0ocA


Architecture: Impulse Arts, “Wochendhaus”



Enrico Cerica



Ikea Catalog



Product Design



Simulation / ML Training: Aurora



Physically-Based Rendering 

Modeling and Simulating the World



Titanic (1997)



War for the Planet of the Apes (2017)



NVIDIA Marbles At Night (2021)

https://www.youtube.com/watch?v=NgcYLIvlp_k


Ray Tracing and Path Tracing
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Ray Traced Visibility and Shadows

Lecture 1
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Whitted Ray Tracing

Lecture 1

Whitted, An Improved Illumination 
Model For Shaded Display, 1979.



Stanford CS348b Spring 2022

Whitted Ray Tracing

Lecture 1
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Whitted Ray Tracing

Lecture 1

Recursive Expression: 
Whitted(ray) {
  L = 0;
  if (IntersectClosest(ray)) {
    if (SurfaceIsSpecular)
      return Whitted(specularRay);
    else if (LightIsVisible)
      L += scatteredIllumination;
  }
  return L;
}
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The Rendering Equation

Lecture 1
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Random Walk—Path Tracing

Lecture 1

Recursive Expression: 
PathTrace(ray) {
  L = 0;
  if (IntersectClosest(ray)) {
    L += surfaceEmission;
    ray = randomDirection();
    L += reflection * PathTrace(ray);
  }
  return L;
}
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Random Walk—Path Tracing

Lecture 1
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Disney’s Practical Guide to Path Tracing

Lecture 1

https://www.youtube.com/watch?v=frLwRLS_ZR0
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Rendering as Physical Simulation

Models 

￭ Light 

￭ Light sources 

￭ Materials and shapes 

￭ Surfaces: Reflection and texture models 

￭ Media: Atmospheric scattering models 

￭ Cameras 

Simulation 

￭ Light transport algorithms 

￭ Efficient ray-surface queries for many shapes 

￭ Sampling ray paths using Monte Carlo integration

Lecture 1



Measuring Light and Reflection



Cornell Box

Stanford CS348b Spring 2022 Lecture 1

http://www.graphics.cornell.edu/online/box/



Which is Real?









Photograph Rendering

Which is Real?
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Data-Driven Rendering

Lecture 1

EPFL Goniophotometer
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Data-Driven Rendering

Lecture 1

EPFL RGL Material Database
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Data-Driven Rendering

Lecture 1

Greg Zaal: https://polyhaven.com/a/rathaus

https://polyhaven.com/a/rathaus
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Data-Driven Rendering?

Lecture 1

Gaugan [Park et al. 2019]



Algorithms and Architectures





Full Movie: 100 million hours 
of CPU time! 

29 hours/frame =  
  29*60*60 seconds/frame 
    104,400 seconds/frame 

100K seconds/frame *  
  10 GFLOPs = 
     ~1 PFLOP 

1 PFLOP / 1 Megapixel = 
   ~ 1 GFLOP / pixel 
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Blinn’s Law

“As technology advances, rendering time remains constant”

Lecture 1

Voyager 2 Saturn Flyby (1981)
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Blinn’s Law in Action

Lecture 1

Monsters, Inc.  (2001)
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Monsters University  (2013)

Blinn’s Law in Action

Lecture 1
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Monsters, Inc.  (2001)

Blinn’s Law in Action

Lecture 1
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Monsters University  (2013)

Blinn’s Law in Action



Modeling and Simulating the 
World… 

 
With a Computational Budget
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Interdisciplinary Topics

Computer science 

￭ Computational geometry 

￭ Computer architecture 

Physics 

￭ Bidirectional reflectance distribution functions 

￭ Radiometry and light fields 

￭ Radiative transport 

Mathematics 

￭ Integral equations 

￭ Monte Carlo methods 

Perception 

Art and design

Lecture 1

[Walt Disney Animation Studios]



Course Mechanics



https://cs348b.stanford.edu/ 
(https://gfxcourses.stanford.edu/cs348b/spring22/) 

https://edstem.org/us/courses/21377/discussion/

https://cs348b.stanford.edu/
https://gfxcourses.stanford.edu/cs348b/spring22/


http://www.pbr-book.org/

http://www.pbr-book.org/
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Logistics

Slide comments (10%) 

￭ 2 per lecture, due before next lecture 

4 Assignments (10% each) 

￭ Lighting design 

￭ Sphere tracing distance estimators 

￭ Light field cameras 

￭Monte Carlo sampling 

Final project (50%) 

￭ Reproduce a scene or image 

￭ Explore advanced rendering algorithms

Lecture 1



Final Projects 

The Rendering Competition



Artistic Art Glass 
Georg Petschnigg and Inam Ur-Rahman Malik



Jellyfish 
Kayvon Fatahalian and T. Foley



Lily Pads 
Tom Brow and Ranjitha Kumar



Cherry Pi 
Luke Anderson, Kate Swanson, and Nora Willett



Citrus Marmalade  
Sonny Chan and Phaedon Sinis



French Bread 
Alexis Haraux



Bear and River 
David Hyde, Lingxiao Li, Tushar Paul



Cotton Candy 
Chenlin Meng, Hubert Teo, Jiren Zhu



 Summertime Iridescence  
Jennifer Tao and Cynthia Jia


