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Logistics 

CS148: Introduction to Computer Graphics and Imaging

● Course Reviews
○ in Canvas, students will see a pop-up notification on their Canvas dashboard page any 

time they log into Canvas during the evaluation period.

○ in Axess > My Academics > Course and Section Evaluations > Link to the evaluation 

system near the top of the page

● Final Project
○ CHECK THE ED FORUM IT HAS EVERYTHING!!!!! 
○ https://edstem.org/us/courses/99769/discussion/8192013

● Final Project Rendering
○ Render now !!!

https://edstem.org/us/courses/99769/discussion/8192013


Lecture Outline

CS148: Introduction to Computer Graphics and Imaging

● Classes
● Cutting Edge Graphics (SIGGRAPH)
● Ray Tracing Optimization
● Computer Vision Basics
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CS 44N: Great Ideas in 
Computer Graphics

A hands-on interactive and fun exploration of great 

ideas from computer graphics.  Motivated by graphics 

concepts, mathematical foundations and computer 

algorithms, students will explore an eccentric selection 

of "great ideas" through short weekly programming 

projects. Project topics will be selected from a 

diverse array of computer graphics concepts and 

historical elements.

Fall Quarter

Prof. Doug James

https://www.cs.stanford.edu/people/doug-james
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CS 248B: Fundamentals of 
Computer Graphics: 

Animation and Simulation

● Learn more about simulation and motion

● Focus on sound and motion

● Rigid body and soft body interactions

● Particle systems

● IK bones (rigging)

Fall Quarter

Prof. Doug James

Prof. Karen Liu

https://www.cs.stanford.edu/people/doug-james
https://www.cs.stanford.edu/people/karen-liu


CS 248B: Fundamentals of 
Computer Graphics: 

Animation and Simulation

● Learn more about simulation and motion

● Focus on sound and motion

● Rigid body and soft body interactions

● Particle systems

● IK bones (rigging)

Fall Quarter

http://www.youtube.com/watch?v=WNva8npG5Nc


CS 348C: Computer Graphics: 
Animation and Simulation

● Simulation and Animation, but focused on 

particle systems

● Taught in Houdini

● Particle systems, procedural geometry, 

dynamics, and sound

● Final project

Winter Quarter Prof. Doug James

https://www.cs.stanford.edu/people/doug-james


CS 348C: Computer Graphics: 
Animation and Simulation

● Simulation and Animation, but focused on 

particle systems

● Taught in Houdini

● Particle systems, procedural geometry, 

dynamics, and sound

● Final Project

Winter Quarter

https://docs.google.com/file/d/1b0WAbFL-D1kzkb1MJOsFHPDpwv1dBs8c/preview


CS 448Z: Physically Based 
Animation and Sound

● Modeling sound waves and radiation

● Sound propagation and acoustic transfer

● Fracture

● Fire

● Cloth

Spring Quarter Prof. Doug James

https://www.cs.stanford.edu/people/doug-james


CS 348E: Character Animation: 
Modeling, Simulation, and 
Control of Human Motion

● Simulation and Animation, but focused on 

the human body

● Forward and Inverse Kinematics

● Study of hands

● Using motion to predict future actions

Spring Quarter

Prof. Karen Liu

https://www.cs.stanford.edu/people/karen-liu


CS 123: A Hands-On 
Introduction to Building 

AI-Enabled Robots

● Build your own quadruped robot 

● Program the Robot 

● Requires only basic linear algebra and 

python

● Only 20 slots

Fall and Spring 
Quarter

Prof. Karen Liu

https://www.cs.stanford.edu/people/karen-liu
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CS 248A: Computer Graphics: 
Rendering, Geometry, and 

Image Manipulation

● What is an image and how does it get 

shown on the screen?

● GPU pipeline

● Transformations

● A bit of interaction

● Final Project

Winter Quarter

Prof. Kayvon 
Fatahalian

https://www.cs.stanford.edu/people/kayvon-fatahalian
https://www.cs.stanford.edu/people/kayvon-fatahalian


CS 348K: Visual Computing 
Systems

● Digital camera processing

● Neural network hardware

● Video compression 

● NERFS

● GPU accelerated ray tracing

Spring Quarter

Prof. Kayvon 
Fatahalian

https://www.cs.stanford.edu/people/kayvon-fatahalian
https://www.cs.stanford.edu/people/kayvon-fatahalian


CS 448I: Computational 
Imaging

● Human Perception and Digital Cameras

● Using ML to solve inverse problems 

(denoising, etc.)

● Light field imaging

● Wave optics

Spring Quarter

Prof. Gordon Wetstein

https://web.stanford.edu/~gordonwz/


EE 267: Virtual Reality

● Hands on electrical engineering class

● Hardware systems used for virtual reality

● Write code and explore software for VR

● Project based class

Spring Quarter
Prof. Gordon Wetstein

https://web.stanford.edu/~gordonwz/


ME 339: Introduction to 
Parallel Computing Using MPI, 

OpenMP and CUDA
● Programming multicore processors, GPUs, 

and parallel computers

● Multi-threaded programs

● Machine learning

Spring Quarter

Prof. Eric Darve

https://engineering.stanford.edu/people/eric-darve
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CS 205L: Continuous 
Mathematical Methods with an 
Emphasis on Machine Learning 

● Learn about the mathematical foundation 

of Machine Learning

● Basis in Linear Algebra

● Programming and paper assignments

Winter Quarter

Prof. Ron Fedkiw

https://www.cs.stanford.edu/people/ron-fedkiw
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CS 448B: Data Visualization

● Think about Computer Graphics from a 

comprehension perspective

● Learn how to use and optimize 

visualization tools

● Discuss data visualization theory

Fall Quarter

Prof. Maneesh 
Agrawala

https://engineering.stanford.edu/people/maneesh-agrawala
https://engineering.stanford.edu/people/maneesh-agrawala


BIOE 281: Biomechanics of 
Movement (ME 281)

BIOE 485: Modeling and 
Simulation of Human 
Movement (ME 485)

ARTSTUDI 167M: Animated By 
Origins: Africa and The 

Americas (AFRICAAM 167)

MI 260: Creative Visualization 
Studio

AMSTUD 129: Animation and 
the Animated Film (FILMEDIA 

129, 329, 429)

PSYCH 230: Computational 
Models of Human Creative 

Expression
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SIGGRAPH

CS148: Introduction to Computer Graphics and Imaging



SIGGRAPH: Papers

CS148: Introduction to Computer Graphics and Imaging

PatchMatch: A Randomized Correspondence Algorithm for Structural Image 
Editing (2009) 

● Nearest-neighbor searches for variety of high level digital image 
editing tools

https://gfx.cs.princeton.edu/pubs/
Barnes_2009_PAR/index.php

https://gfx.cs.princeton.edu/pubs/Barnes_2009_PAR/index.php
https://gfx.cs.princeton.edu/pubs/Barnes_2009_PAR/index.php


SIGGRAPH: Papers

CS148: Introduction to Computer Graphics and Imaging

Conjoining Gestalt Rules for Abstraction of Architectural Drawings (2011)

● Leveraging psychology in graphics
● Gestalt = tendency of forming shapes/pictures with limited 

geometric information

https://ttwong12.github.io/papers/
gestalt/gestalt.html

https://ttwong12.github.io/papers/gestalt/gestalt.html
https://ttwong12.github.io/papers/gestalt/gestalt.html


SIGGRAPH: Papers

CS148: Introduction to Computer Graphics and Imaging

Cubic Stylization (2019)

● Purposely modeling more cartoon-y 
without making things too block-y

● Can tune the block-y parameter

https://www.dgp.toronto.edu/proje
cts/cubic-stylization/

https://www.dgp.toronto.edu/projects/cubic-stylization/
https://www.dgp.toronto.edu/projects/cubic-stylization/


SIGGRAPH: Papers

CS148: Introduction to Computer Graphics and Imaging

3D Gaussian Splatting for Real-Time Radiance Field Rendering (2023)

● Useful for sparse points in camera calibration
● SOTA rendering and competitive training times

https://repo-sam.inria.fr/fungraph/
3d-gaussian-splatting/

https://repo-sam.inria.fr/fungraph/3d-gaussian-splatting/
https://repo-sam.inria.fr/fungraph/3d-gaussian-splatting/


SIGGRAPH: Papers

CS148: Introduction to Computer Graphics and Imaging

CLAY: A Controllable Large-scale Generative 
Model for Creating High-quality 3D Assets 
(2024)

● A 3D geometry and material 
generator designed to take human 
input and transform it into intricate 
3D digital structures

https://dl.acm.org/doi/10.1145/36
58146 

https://dl.acm.org/doi/10.1145/3658146
https://dl.acm.org/doi/10.1145/3658146


SIGGRAPH: Papers

CS148: Introduction to Computer Graphics and Imaging

DressCode: Autoregressively Sewing and 
Generating Garments From Text Guidance 
(2024)

● A text-driven 3D garment 
generation framework for fashion 
design, virtual try-on, and digital 
human creation

https://ihe-kaii.github.io/DressCod
e/

https://ihe-kaii.github.io/DressCode/
https://ihe-kaii.github.io/DressCode/


SIGGRAPH: Papers

CS148: Introduction to Computer Graphics and Imaging

Painting with 3D Gaussian Splatting Brushes (2025)

● Allows artists to directly paint 3D scenes using Gaussian splat brushes 
● Create photorealistic effects

https://dl.acm.org/doi/10.1145/37
21238.3730724

https://dl.acm.org/doi/10.1145/3721238.3730724
https://dl.acm.org/doi/10.1145/3721238.3730724


SIGGRAPH: Papers (2026)

CS148: Introduction to Computer Graphics and Imaging

GimmBO: Interactive Generative Image Model 
Merging via Bayesian Optimization

● Fine tuning customization of diffuse 
models used to create styles/subjects 
underrepresented in original training 
data

● Image generation with preferential 
bayesian optimization 
(human-in-the-loop)

https://arxiv.org/abs/2601.18585

https://arxiv.org/abs/2601.18585


SIGGRAPH: Papers (2026)

CS148: Introduction to Computer Graphics and Imaging

Mixwell: Sharp 2D Fluid Brushes for Progressive 
Physics-Based Mixing

● GPU accelerated methods for physics 
based mixing

https://dl.acm.org/doi/pdf/10.1145
/3811312

https://dl.acm.org/doi/pdf/10.1145/3811312
https://dl.acm.org/doi/pdf/10.1145/3811312


SIGGRAPH: Papers (2026)

CS148: Introduction to Computer Graphics and Imaging

Robust Planar Maps for 3D Vectorization

● Converting 3D scenes into clean 2D vector images
● Vectorizing 3D scenes with proper occlusion! 

https://www.cs.cmu.edu/~kmcran
e/Projects/RobustPlanarMaps/Ro
bustPlanarMaps.pdf

https://www.cs.cmu.edu/~kmcrane/Projects/RobustPlanarMaps/RobustPlanarMaps.pdf
https://www.cs.cmu.edu/~kmcrane/Projects/RobustPlanarMaps/RobustPlanarMaps.pdf
https://www.cs.cmu.edu/~kmcrane/Projects/RobustPlanarMaps/RobustPlanarMaps.pdf


SIGGRAPH: Papers (2026)

CS148: Introduction to Computer Graphics and Imaging

Spatio-Temporal Control Variates with ReSTIR for 
Real-Time Rendering

● Path tracing, soft shadows, and global 
illumination at real time rates

https://dl.acm.org/doi/10.1145/37
99902.3811113

https://dl.acm.org/doi/10.1145/3799902.3811113
https://dl.acm.org/doi/10.1145/3799902.3811113


SIGGRAPH: Papers (2026)

CS148: Introduction to Computer Graphics and Imaging

EchoAvatar: Real-time Generative Avatar Animation from Audio Streams

● Real time avatar animation driven by audio
● Jointly trained on music-dance and speech-gesture datasets

https://dl.acm.org/doi/10.1145/37
99902.3811066

https://dl.acm.org/doi/10.1145/3799902.3811066
https://dl.acm.org/doi/10.1145/3799902.3811066


SIGGRAPH: Papers (2026)

CS148: Introduction to Computer Graphics and Imaging

gCDT: A Highly Parallel GPU Algorithm 
for Large-Scale Constrained Delaunay 
Triangulation

● Useful for CAD and scientific 
visualization

● Flip propagation to let a GPU 
thread perform short process 
and gets down number of 
global synchronization rounds

https://dl.acm.org/doi/10.1145/37
99902.3811042

https://dl.acm.org/doi/10.1145/3799902.3811042
https://dl.acm.org/doi/10.1145/3799902.3811042
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The Future of Ray Tracing

CS148: Introduction to Computer Graphics and Imaging

● Real time rendering accessibility (for VR 
and AR)

● Wider adoption by game engines
○ Unreal and Unity are integrating this 

tech natively 
● Hybrid rendering

○ Combines rasterization and ray tracing
○ E.g. Eevee Next!

● Cloud rendering 
○ Expanding access to ray tracing to allow 

users to experience its benefits

https://edstem.org/us/courses/99769/discussion/8152130


Ray Tracing Optimization: Progress 

CS148: Introduction to Computer Graphics and Imaging



Ray Tracing Optimization: Progress 

CS148: Introduction to Computer Graphics and Imaging

NVIDIA RTX 20 Series
● NVIDIA first generation of ray 

tracing GPUs (2018)
● RT cores designed specifically to 

accelerate ray tracing 
calculations 

● Tensor cores for denoising and 
smart upscaling

● Introduced DLSS (deep learning 
super sampling)



Ray Tracing Optimization: Progress 

CS148: Introduction to Computer Graphics and Imaging

NVIDIA RTX 30 Series
● Tensor cores for ray tracing
● Delivered more realistic lighting, 

shadows, and reflections
NVIDIA RTX 40 Series
● Ray tracing overdrive for improving 

accuracy
● Used for Cyberpunk and Fortnite 

for realism
● Power efficiency and thermal 

performance as a priority 



Ray Tracing Optimization: Progress 

CS148: Introduction to Computer Graphics and Imaging

AMD Radeon RX 6000 Series
● Real time ray tracing
● Emphasis on power efficiency 

for gaming and professional 
workloads

● AMD FidelityFX Super Resolution 
○ Open source upscaling tech 

to boost performance
Intel Xe Architecture
● Great for modern gaming



Ray Tracing Optimization: AI-Powered Games 

CS148: Introduction to Computer Graphics and Imaging

https://developer.nvidia.com/blog/build-ai-powered-games-with-nvidia-dlss-4-5-rtx-and-unreal-engine-5/


Ray Tracing Optimization: AI-Powered Games 

CS148: Introduction to Computer Graphics and Imaging

TensorRT for RTX Plugin
● Runtime for Unreal Engineʼs NNE (neural network engine)
● AI deployment in real time applications (1.5x performance to direct 

ML)
● Path traced hair in Unreal Engine 5.7! 

https://developer.nvidia.com/blog/build-ai-powered-games-with-nvidia-dlss-4-5-rtx-and-unreal-engine-5/


Ray Tracing Optimization: AI-Powered Games 

CS148: Introduction to Computer Graphics and Imaging

TensorRT for RTX Plugin
● Runtime for Unreal Engineʼs NNE (neural network engine)
● AI deployment in real time applications (1.5x performance to direct 

ML)
● Path traced hair in Unreal Engine 5.7! 

NVIDIA Kimodo 
● Generates high quality human motion to fill gaps in animation
● Trained on huge dataset of 3D motion capture data

Comfy UI
● Image generation, 3D object generation, etc. 

https://developer.nvidia.com/blog/build-ai-powered-games-with-nvidia-dlss-4-5-rtx-and-unreal-engine-5/
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Computer Vision: Basics

CS148: Introduction to Computer Graphics and Imaging

● Computer Graphics
○ Typically 3D → 2D
○ Generate images inspired by the real world

● Computer Vision
○ Typically 2D → 3D understanding
○ Understand the real world through images



Computer Vision: Basics

CS148: Introduction to Computer Graphics and Imaging

● Computer Graphics
○ Typically 3D → 2D
○ Generate images inspired by the real world

● Computer Vision
○ Typically 2D → 3D understanding
○ Understand the real world through images

● Huge part of our brains are dedicated to visual processing – difficult to 
replicate in a computer

● Huge research area
● Synthetic data generation



Computer Vision: Basics

CS148: Introduction to Computer Graphics and Imaging

https://stanford-cs131.github.io/spring2026/

https://stanford-cs131.github.io/spring2026/


Computer Vision: Basics

CS148: Introduction to Computer Graphics and Imaging

Understanding images

https://stanford-cs131.github.io/spring2026/

https://stanford-cs131.github.io/spring2026/


Computer Vision: Convolutions

CS148: Introduction to Computer Graphics and Imaging

● Using small matrices (kernels) to modify images

https://stanford-cs131.github.io/spring2026/

https://stanford-cs131.github.io/spring2026/


Computer Vision: Filters

CS148: Introduction to Computer Graphics and Imaging

● Using small matrices (kernels) to modify images

https://stanford-cs131.github.io/spring2026/

https://stanford-cs131.github.io/spring2026/


Computer Vision: Edges

CS148: Introduction to Computer Graphics and Imaging

● Using small matrices (kernels) to modify images

https://stanford-cs131.github.io/spring2026/

https://stanford-cs131.github.io/spring2026/


Computer Vision: Calibration

CS148: Introduction to Computer Graphics and Imaging

● System calibration required to understand 3D world

https://stanford-cs131.github.io/spring2026/

https://stanford-cs131.github.io/spring2026/


Computer Vision: AI / ML

CS148: Introduction to Computer Graphics and Imaging

https://stanford-cs131.github.io/spring2026/

https://stanford-cs131.github.io/spring2026/


Computer Vision: CS131 Final Project

CS148: Introduction to Computer Graphics and Imaging

https://docs.google.com/file/d/1AboqZsE4tI1z39vZbL45VKMYm0Dyeaas/preview


Computer Vision: CS131 Final Project

CS148: Introduction to Computer Graphics and Imaging

● ageitgey’s model built using dlib’s SOTA face 
recognition deep learning algorithm

● Applies Histograms of Oriented Gradients (HOG) 
for human detection
○ HOG leverages CS131 topics! 
○ Convolution, kernels, edge information

Input 
image

HOG face 
detection

Face 
alignment

128-D vector 
compression

Euclidean 
distance 

comparison

https://github.com/ageitgey/face_recognition
https://dlib.net/


If youʼre interested in industry…

CS148: Introduction to Computer Graphics and Imaging

● Make a demo reel 

● Meet people in the field

○ Volunteer for SIGGRAPH! 

○ Look for and go to events

● Take project based classes

● Save your work! 



Yay!!

CS148: Introduction to Computer Graphics and Imaging

✅Done! 



Attendance… for the last time :(

CS148: Introduction to Computer Graphics and Imaging

https://tinyurl.com/272ru3m2 

https://tinyurl.com/272ru3m2

