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What’s next in your graphics journey?

cs148.stanford.edu



Logistics

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

time they log into Canvas during the evaluation period.
o in Axess > My Academics > Course and Section Evaluations > Link to the evaluation

system near the top of the page

e Final Project
o CHECK THE ED FORUM IT HAS EVERYTHING!!!!!

(@) https://edstem.org/us/courses/99769/discussion/8192013

e Final Project Rendering
o Render now !!!

CS148: Introduction to Computer Graphics and Imaging


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

Lecture Outline

Classes

Cutting Edge Graphics (SIGGRAPH)
Ray Tracing Optimization
Computer Vision Basics

CS148: Introduction to Computer Graphics and Imaging



Lecture Outline

e Cutting Edge Graphics (SIGGRAPH)
e Ray Tracing Optimization
e Computer Vision Basics

CS148: Introduction to Computer Graphics and Imaging
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Fall Quarter

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.


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

Prof. Karen Liu

e Learn more about simulation and motion

e Focus on sound and motion

e Rigid body and soft body interactions
e Particle systems

e |K bones (rigging)


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

e Learn more about simulation and motion
e Focus on sound and motion

e Rigid body and soft body interactions

e Particle systems

e |K bones (rigging)



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

Winter Quarter

CS 348C: Computer Graphics:
Animation and Simulation

e Simulation and Animation, but focused on

particle systems

e Taught in Houdini

e Particle systems, procedural geometry,
dynamics, and sound

e Final project



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

Winter Quarter

CS 348C: Computer Graphics:
Animation and Simulation

e Simulation and Animation, but focused on
particle systems FINAL PROJECTS
e Taught in Houdini

e Particle systems, procedural geometry,

dynamics, and sound

e Final Project


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

Spring Quarter

CS 448Z: Physically Based
Animation and Sound

e Modeling sound waves and radiation

e Sound propagation and acoustic transfer
e Fracture

e Fire

e C(Cloth



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

Spring Quarter

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

e Simulation and Animation, but focused on

the human body
e Forward and Inverse Kinematics
e Study of hands

e Using motion to predict future actions



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

Fall and Spring
Quarter

CS 123: AHands-On
Introduction to Building
Al-Enabled Robots

e Build your own quadruped robot

e Program the Robot
e Requires only basic linear algebra and
python

e Only 20 slots



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

CS 248A: Computer Graphics:
Rendering, Geometry, and
Image Manipulation

e What is an image and how does it get

shown on the screen?

Prof. Kayvon
Fatahalian

e GPU pipeline
e Transformations
e A bit of interaction

e Final Project



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

Spring Quarter

CS 348K: Visual Computing
Systems

Prof. Kayvon
Fatahalian

L. . Func blur_3x3(Func input) {
o Dlgltal camera processing Func blur_x, blur_y;

Var x, y, xi, yi;

L] Neural network hardware // The algorithm - no storage or order
blur_x(x, y) = (input(x-1, y) + input(x
blur_y(x, y) = (blur_x(x, y-1) + blur_x

e Video compression

// The schedule - defines order, locali

blur_y.tile(x, y, xi, vyi, » 32)
[ ] NERFS .vectorize(xi, &).parallel(y);
blur_x.compute_at(blur_y, x).vectorize(

e GPU accelerated ray tracing S
}



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

Analysis of Modern Diffusion Techniques
for Image Reconstruction

EE 367 - Computational Imaging
Stephen Zhu

Spring Quarter

Motivation

Tll-posed inverse problem: given a
noisy, blurred, incomplete, etc.

image, bow can w recover the m ﬂ -
original image? !

The method used in this project

[ ) relies on diffusion models and Ground Truth - Mask/Bur -
[ ] varying sampling algorithms to e = e te
° attempt Peak
Signal to Noise Ratio (PSNR) and Score-Distillation Score-Based Annealed Diffusion Posterior
Leamed Perceptual Image Patch Editing (SDEdit) Langevin Dynamics (ScoreALD) Sampling (DPS)

Similarity (LPIPS) are the main
metrics for determining success.

)
I m a gl n g o Hallucinates high-frequency

details

o Struggled on non-human o Partially noise, then reverse | [@ Utilizes gradient of log  Takes into account estimate
subjects diffusion likelihood of original image in gradient
© Used 500/ 1000 noising | | Anneal gradient for better  No annealing, but normalize

steps convergence gradients
® PSNR =20 ® PSNR ® PSNR =30
® LPIPS =0.20 o LPIPS =0.05

e Human Perception and Digital Cameras
e Using ML to solve inverse problems

(denoising, etc.)

Solving Inverse Problems in Imaging with Diffusion Models

Matthew M. Sato
Stanford Universit

e Light field imaging e o7 e 25
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https://web.stanford.edu/~gordonwz/

Spring Quarter

EE 267: Virtual Reality

e Hands on electrical engineering class
e Hardware systems used for virtual reality
e Write code and explore software for VR

e Project based class



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

Spring Quarter

ME 339: Introduction to
Parallel Computing Using MPI,
OpenMP and CUDA

e Programming multicore processors, GPUs,

and parallel computers

e Multi-threaded programs

e Machine learning
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https://engineering.stanford.edu/people/eric-darve
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Winter Quarter

CS 205L: Continuous
Mathematical Methods with an
Emphasis on Machine Learning

e Learn about the mathematical foundation
of Machine Learning
e Basis in Linear Algebra

e Programming and paper assignments
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https://www.cs.stanford.edu/people/ron-fedkiw

Learning
and Vision
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448B



Yield of Barley
S T BTl
mw( — :mm
o o o = | s
CS 448B: Data Visualization o e ——
- H =
weowso |
° "o x0 0 @0 W0
Sum of yield
Q7: What is the value of yellow on Velvet?

A (Sempre): 6

A (Ours): 87.633. llooked up the length of the yeliow bar for Velvet'.
Q8: Which variety of barley has the highest production in Grookston?
A(Sempre): No. 475

A (Ours): Trebl. | looked up “variety’ of the longest blue bar.

e Think about Computer Graphics from a

comprehension perspective Prof. Maneesh
Agrawala

e Learn how to use and optimize
How Common Is Religious Extremism?  q1: what is the percentage of response
W Common M NotCommen  ‘Common’ for Catholics?

i i7ati mosins - [ A(Scmpre): 92
visualization tools PWM'MAE A(OurS): 5. Hooked up the length of the
? orange bor for ‘Catholics’.
e Discuss data visualization theory e
L Caikel A(Sempre): Hindus

A{Ours): Muslims. | looked up ‘Religion’ of
the longest orange bar.

Q3: What does the blue field represent?

A{Sempre): 24

A(Ours): Not Common. ! looked up what blue
represents by looking at the legend.

Mormons -

Buddhists -
o —
o 220 4 6 80 10
Percentage



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

MI 260: Creative Visualization
Studio

ARTSTUDI 167M: Animated By
Origins: Africa and The
Americas (AFRICAAM 167)

AMSTUD 129: Animation and
the Animated Film (FILMEDIA
129, 329, 429)

BIOE 281: Biomechanics of
Movement (ME 281)

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

PSYCH 230: Computational
Models of Human Creative
Expression



Lecture Outline

e C(lasses

e Ray Tracing Optimization
e Computer Vision Basics
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SIGGRAPH

SIGGRAPH
2026

Los Angeles, California
19-23 July 2026

The Premier Conference & Exhibition
on Computer Graphics & Interactive

Techniques
Share and explore over five days of immersion Production & Research & Arts & Gaming & New
into your unique area of interest. Animation 3] Education 2] Design 2] Interactive 3] Technologies ]

CS148: Introduction to Computer Graphics and Imagin



https://gfx.cs.princeton.edu/pubs/
Barnes 2009 PAR/index.php

SIGGRAPH: Papers

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

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

(a) original (b) hole+constraints (c) hole filled (d) constraints (e) constrained retarget  (f) reshuffle

Figure 1: Structural image editing. Left to right: (a) the original image; (b) a hole is marked (magenta) and we use line constraints
(red/green/blue) to improve the continuity of the roofline; (c) the hole is filled in; (d) user-supplied line constraints for retargeting;
(e) retargeting using constraints eliminates two columns automatically; and (f) user translates the roof upward using reshuffling.

CS148: Introduction to Computer Graphics and Imaging


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

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

S I G G RAP H . Pa pe IS gestalt/gestalt.html

Conjoining Gestalt Rules for Abstraction of Architectural Drawings (2011)

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

geometric information
i e

Figure 1: Simplification of a complex cityscape line-drawing obtained using our Gestalt-based abstraction.

11

000!

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

https://www.dgp.toronto.edu/proje

S I G G RAP H . Pa pe rsS cts/cubic-stylization/

Cubic Stylization (2019)

e Purposely modeling more cartoon-y i
without making things too block-y '
e Cantunethe block-y parameter ?

input [Liu et al. 2018] [Huang et al. 2014] ours

input mesh A=25x10"% A=50x10"? A=1.0x10" A=20x10" A=4.0x10" A=10x10'

Fig. 9. One can control the cuBenEss by changing the A parameter in Eq. 1.

CS148: Introduction to Computer Graphics and Imaging


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

https://repo-sam.inria.fr/fungraph/

S I G G RAP H . Pa pe rs 3d-gaussian-splatting/

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

e Useful for sparse points in camera calibration
e SOTArendering and competitive training times

Camera

/V Projection \
‘e '.. . o / \ Differentiable | —p
eoge ¥ | Initialization 1 Tile Rasterizer | «——
L]

\ Adaptive A/

SfM Points 3D Gaussians

Image

Density Control I — Operation Flow ~ —#» Gradient Flow

Fig. 2. Optimization starts with the sparse SfM point cloud and creates a set of 3D Gaussians. We then optimize and adaptively control the density of this set
of Gaussians. During optimization we use our fast tile-based renderer, allowing competitive training times compared to SOTA fast radiance field methods.
Once trained, our renderer allows real-time navigation for a wide variety of scenes.

CS148: Introduction to Computer Graphics and Imaging


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

SIGGRAPH: Papers

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

e 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

|
7
- > ﬂ
— symmetri@ |
asymmetric — Z
Q

Fig. 11. Evaluation of the CLAY’s ability to alter generated content by
incorporating different geometric feature tags in the prompt. We showcase
precise controls over the geometry style, in the extreme case transforming
a fireplug into a T-pose character.

CS148: Introduction to Computer Graphics and Imaging


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

SIGGRAPH: Papers

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

e Atext-driven 3D garment
generation framework for fashion
design, virtual try-on, and digital
human creation

https://ihe-kaii.qgithub.io/DressCod
el

Initial Sewing Patterns Draping Process

s

f
L ~ . Y

Fig. 6. Examples of our multiple garments draping process. Starting
with initial sewing patterns, we first drape the inside T-shirt, followed by
draping the outside jacket onto the model’s body.

Prompt Sewing Pattern Garment

Y/ o
dress,
long length

l

jacket,
cropped length y »
! i

Fig. 7. Examples of pattern completion. Given an incomplete pattern,
our method infers reasonable sewing pattern completions with various text
prompts.

Incomplete
Pattern

CS148: Introduction to Computer Graphics and Imaging


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

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

S I G G RAP H . Pa pe I'S 21238.3730724

Painting with 3D Gaussian Splatting Brushes (2025)

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

Original Scene kt
/

Edited Scene

Fig. 1. Our method explores the creative affordances of painting with real-world texture-geometry content, represented as 3D Gaussian Splats. Our novel
technique enables 3D artists to source both their brushes and their canvases from in-the-wild captures, and to swiftly remix highly realistic content through
direct and controllable painting for fast 3D prototyping and ideation. Here we use a set of Gaussian splat brushes to embellish this small patch of a local park.

CS148: Introduction to Computer Graphics and Imaging


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

https://arxiv.org/abs/2601.18585

SIGGRAPH: Papers (2026)

GimmBO: Interactive Generative Image Model
Merging via Bayesian Optimization Average merge Stylus-picked merge GimmBO + Real users

e Fine tuning customization of diffuse ¥Y Y 8
models used to create styles/subjects = p:i;gfmns;z;:lzg,. :
underrepresented in original training
data

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

“a ukiyoe style cat with a
flower wreath around its head”

CS148: Introduction to Computer Graphics and Imaging


https://arxiv.org/abs/2601.18585

SIGGRAPH: Papers (2026)

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

e GPU accelerated methods for physics
based mixing

Insert Advect Remove
—

NN
A,

P PzL(P) P/=q)At(P) pl=I£—1(P/)
Fig. 8. Mixwell Brush Construction

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

/3811312

E[ < |
>l —1D-Drifts I
00

-10 05 05 10"
Fig. 6. 2D Drift Illustration: The world-frame particle drift from Figure 2
annotated with (a) forward- and reverse-drift displacements of the point
p(-1) (at time t=—1) for At = +3; and (b) horizontal 1D drift displacements
shown at the bottom for the reverse-drift €(.) <0 in blue, and the opposite
1D forward drift (—£) in orange.

Fig. 7. Mixwell Brush Deformation: A bird-like figure marbled on a mod-
est HD-resolution raster using a real-time Shadertoy implementation. The
active stroke accumulates its deformation map separately to avoid blurring
the total deformation map. These maps are stored at screen resolution and
interpolated at lookup, so quality is below our fully supersampled results.

CS148: Introduction to Computer Graphics and Imaging


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

https://www.cs.cmu.edu/~kmcran

S I G G RA P H . Pa p ers (2 02 6) e/Projects/RobustPlanarMaps/Ro

bustPlanarMaps.pdf

Robust Planar Maps for 3D Vectorization

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

CS148: Introduction to Computer Graphics and Imaging


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

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

SIGG RAPH: Papers (2026) 99902.3811113

Spatio-Temporal Control Variates with ReSTIR for | TRibitrst - 7
Real-Time Rendering e ,

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

MAPE: 0.664 0.422

(d) ICV (e) Ours (ReSTCV) (f) Reference
0.249 0.216

CS148: Introduction to Computer Graphics and Imaging


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

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

SIGGRAPH: Papers (2026)

EchoAvatar: Real-time Generative Avatar Animation from Audio Streams

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

Fig. 1. Given streaming audio input, our method generates avatar animation in a streaming manner. The four poses shown above are sampled from a
continuous motion sequence driven by the audio stream.

CS148: Introduction to Computer Graphics and Imaging


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

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

SIGG RAPH: Pa perS (2026) 99902.3811042

gCDT: A Highly Parallel GPU Algorithm
for Large-Scale Constrained Delaunay
|
A coarse initial
triangulation
l

Triangulation Vertex "7
Insertion
= <\

e Useful for CAD and scientific Algorithm

Flow

Data
Flow

Constraint
Enforcement

visualization - @
riangulation
e Flip propagation to let a GPU 1
thread perform short process X ,

and gets down number of _ , _ ,
Fig. 2. Algorithm workflow. Overview of the workflow, showing each
glo ba l Syn Ch ron izatio N roun d S stage and the data structures it updates.

<
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https://dl.acm.org/doi/10.1145/3799902.3811042
https://dl.acm.org/doi/10.1145/3799902.3811042

Lecture Outline

o C(lasses
e Cutting Edge Graphics (SIGGRAPH)

e Computer Vision Basics
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The Future of Ray Tracing

e Real time rendering accessibility (for VR
and AR)

EEVEE NEXT: BLENDER'S %
NEXT-GEN REAL-TIME RENDER ENGINE

Cloud Rendering

Client Device
(Thin Client)

CS148: Introduction to Computer Graphics and Imaging



The Future of Ray Tracing

e Real time rendering accessibility (for VR

and AR) Eonder B0
e Wider adoption by game engines Rblender
o Unreal and Unity are integrating this T

. NEXT-GEN REAL-TIME RENDER ENGINE .
tech natively
Cloud Rendering

Cliept D?vice Cloud Server
(Thin Client) (Rendering)

CS148: Introduction to Computer Graphics and Imaging



The Future of Ray Tracing

e Real time rendering accessibility (for VR

and AR) Eonder B0
e Wider adoption by game engines Rblender
o Unreal and Unity are integrating this ancvn o S

tech natively
e Hybrid rendering
o Combines rasterization and ray tracing
o E.g. Eevee Next!

Cloud Rendering

Cliept D?vice Cloud Server
(Thin Client) (Rendering)

CS148: Introduction to Computer Graphics and Imaging


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

The Future of Ray Tracing

Real time rendering accessibility (for VR

and AR) Hender B0
Wider adoption by game engines Rblender
o Unreal and Unity are integrating this T

NEXT-GEN REAL-TIME RENDER ENGINE \

tech natively
Hybrid rendering
o Combines rasterization and ray tracing
0O E.g. Eevee Next! T crents — ey
Cloud rendering ;
o Expanding access to ray tracing to allow
users to experience its benefits

Cloud Rendering

CS148: Introduction to Computer Graphics and Imaging


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

Ray Tracing Optimization: Progress




Ray Tracing Optimization: Progress

NVIDIA RTX 20 Series

e NVIDIA first generation of ray
tracing GPUs (2018)

e RT cores designed specifically to
accelerate ray tracing
calculations

e Tensor cores for denoising and
smart upscaling

e Introduced DLSS (deep learning
super sampling)




Ray Tracing Optimization: Progress

NVIDIA RTX 30 Series

e Tensor cores for ray tracing

e Delivered more realistic lighting,
shadows, and reflections

NVIDIA RTX 40 Series

e Ray tracing overdrive for improving
accuracy

e Used for Cyberpunk and Fortnite
for realism

e Power efficiency and thermal
performance as a priority

GeForce RTX™
40 Series Laptops

BEYOND 1
FAST .



Ray Tracing Optimization: Progress

AMD Radeon RX 6000 Series
e Realtimeray tracing
e Emphasis on power efficiency
for gaming and professional
workloads
e AMD FidelityFX Super Resolution
o Open source upscaling tech
to boost performance
Intel Xe Architecture
e Great for modern gaming

CS148: Introduction to Computer Graphics and Imaging

AMDA
RAJ=0N

RX 6000 SERIES

SCALABLE
MEMORY
FABRIC

yC
XHPC




Ray Tracing Optimization: Al-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: Al-Powered Games

TensorRT for RTX Plugin
e Runtime for Unreal Engine’s NNE (neural network engine)
e Aldeploymentin real time applications (1.5x performance to direct
ML)
e Path traced hairin Unreal Engine 5.7!

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: Al-Powered Games

TensorRT for RTX Plugin

e Runtime for Unreal Engine’s NNE (neural network engine)

e Aldeploymentin real time applications (1.5x performance to direct

ML)

e Path traced hairin Unreal Engine 5.7!

NVIDIA Kimodo

e Generates high quality human motion to fill gaps in animation

e Trained on huge dataset of 3D motion capture data

Comfy Ul

e Image generation, 3D object generation, etc.

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/

Lecture Outline

e (lasses
e Cutting Edge Graphics (SIGGRAPH)
e Ray Tracing Optimization
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Computer Vision: Basics

e Computer Graphics

o Typically3D > 2D

o Generate images inspired by the real world
e Computer Vision

o Typically 2D > 3D understanding

o Understand the real world through images

CS148: Introduction to Computer Graphics and Imaging



Computer Vision: Basics

e Computer Graphics
o Typically3D > 2D
o Generate images inspired by the real world
e Computer Vision
o Typically 2D > 3D understanding
o Understand the real world through images
e Huge part of our brains are dedicated to visual processing - difficult to
replicate in a computer
e Huge research area
e Synthetic data generation

CS148: Introduction to Computer Graphics and Imaging



Computer Vision: Basics

Low-level Geometric Visual .
% o Yy Advanced Topics

Vision Vision Recogmtlon

Filters Image formation Machine Learning Video Understanding

Edges Perspective Segmentation 3D Deep Learning

Features Camera models Clustering

Matching Multiview geometry

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

CS148: Introduction to Computer Graphics and Imaging


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

Computer Vision: Basics

Understanding images

ﬁ\ Light Source
\

Physical 4
Object A

Some examples of the reflectance spectra of surfaces

™ i [N .

| - YeL)w | H

% Photons Reflected

400 700 400 700 400 700 400 700
Wavelength (nm)

https://stanford-cs131.github.io/spring2026/
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Computer Vision: Convolutions

e Using small matrices (kernels) to modify images

Original Shifted right

By 1 pixel smo'otlké (5x5) Detailed

o] (el el
o] el el
o] |e] | o]

'
\
Detailed Shgrbe\rled

O+

Original Blur (with a

fil
BexiHkD) https://stanford-cs131.qithub.io/spring2026/
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2D moving average over a 3 x 3 window of neighborhood

Sum over rows

Computer Vision: Filters X

o

n+1
gln,m] =5 >
N o o o k=n—1
e Using small matrices (kernels) to modify images | -
= Z Z fln—Fk,m—1]
9 k=—-11l=-1 x
2D moving average over a 3 x 3 neighborhood window
f[n, m] g[n, m]

3

8| 8| 8| 8| 8
3
8| 8| 8| 8| 8

8| 8| 8| 8| 8
8 8| 8| 8| 8

https://stanford-cs131.qithub.io/spring2026/
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Computer Vision: Edges

e Using small matrices (kernels) to modify images

3x3 image gradient filters

'l o 0o o
st o -1 3
1 0 -1

Derivative in x direction Denvative in y direction

https://stanford-cs131.qithub.io/spring2026/
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Computer Vision: Calibration

e System calibration required to understand 3D world

projector virtual

image
Projector (e.g. ‘o o
DLP)
Camer
- Projector and camera are o]
parallel
- Correspondence problem is
solved! https://stanford-cs131.qgithub.io/spring2026/
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Computer Vision: Al / ML

* Learn from (many) fully labeled examples (x;, y;)

* Dominant paradigm in most applications

» Examples: classification (discrete y), regression (continuous y)

» Multi-task Learning: learn multiple (related) tasks jointly (x,-, {y,-l"‘})

* Few-shots Learning: learning from small labeled datasets (e.g., one-shot)

_| Semantic Task
Input Image :
-
Encoder | Instance . 4 ' - m,( _.z_wmm

Decoder Um"w
= -_—
Multi-Task Learning Using Uncertainty to Wenqh Losses for Scene
Geometry and Semantics, Kendall et al, CVPR'18

Classification: cat or dog?
Regression: what weight?

https://stanford-cs131.qithub.io/spring2026/
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Computer Vision: CS131 Final Project

SurveilMate: Tracking Chores between Roommates

Kate Baker Yasmine Alonso
Stanford University Stanford University

Abstract

Dishes are a household task that often gets left to the last
moment, even as organized roommates and close friends.
To address this issue, we developed a tool that uses fa-
cial and object recognition to track which roommate adds
a dirty dish to the sink and who subsequently cleans it. We
leveraged an MIT licensed facial recognition library that
uses facial detection, alignment, and identification. We used
YOLOv8s for object recognition and openCV for region of
interest capture and video processing. The resulting tool
was performant in simple tests (e.g. one dish added at a
time) but struggled when adding stacked dishes or many
small dishes at a time. Improvements include having a ro-
bust dataset with photos of our (stacked) dishes and trans-
forming our tool into a real-time dish tracker.

S F'/
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Computer Vision: CS131 Final Project

SurveilMate: Tracking Chores between Roommates

Kate Baker Yasmine Alonso
Stanford University Stanford University

Abstract

Dishes are a household task that often gets left to the last
moment, even as organized roommates and close friends.
To address this issue, we developed a tool that uses fa-
cial and object recognition to track which roommate adds
a dirty dish to the sink and who subsequently cleans it. We
leveraged an MIT licensed facial recognition library that
uses facial detection, alignment, and identification. We used
YOLOv8s for object recognition and openCV for region of
interest capture and video processing. The resulting tool
was performant in simple tests (e.g. one dish added at a
time) but struggled when adding stacked dishes or many
small dishes at a time. Improvements include having a ro-
bust dataset with photos of our (stacked) dishes and trans-
forming our tool into a real-time dish tracker.

Input HOG face Face
image detection alignment

128-D vector
compression

Euclidean
—> distance
comparison

e ageitgey's model built using dlib’s SOTA face

recognition deep learning algorithm
e Applies Histograms of Oriented Gradients (HOG)
for human detection
o HOG leverages CS131 topics!
o Convolution, kernels, edge information

Sink video feed Sink events log
(.mp4) (.json)

Face video feed
(.mp4)

Face events log
(.json)
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"name" :
"entered
"left"
"entered_second
ft_seconds

"duration_seconds":

"entered_second
"left_seconds": 4.83,
"duration_seconds": 1.17

Overall events log
(.json)


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

If you’re interested in industry...

e Make ademo reel

e Meet peoplein the field

o  Volunteer for SIGGRAPH!

o Look for and go to events

e Take project based classes

e Saveyourwork!
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Yay!!

Deep Dive Related/Helpful

CS
448B
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Attendance... for the last time :(

https://tinyurl.com/272ru3m2
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