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Curriculum
* Adjusted based on survey results

Wk 1 OT + Introduction

Wk 2 DL Fundamentals Review

Wk 3 CNN

Wk 4 From Sequence Modeling to Transformer

Wk 5 Transformer in Vision

Wk 6 Detection & Segmentation

Wk 7 Self-Supervised Learning

Wk 8 Review Literacy + Role Explanation

Wk 9 Foundation Models (CLIP, SAM) + Paper #1

Wk 10 Diffusion Models + Paper #2

Wk 11 Diffusion Models (2) + Paper #3

Wk 12 Vision-Language Models + Paper #4

Wk 13 VLM Applications (Paper #5)

Wk 14 Video Understanding + Paper #6

Wk 15 Embodied AI & Robot Vision (Paper #7)

Wk 16 Miniconference (Final Project)

Lecture Lecture + Paper Miniconference



Today's Agenda

01
Video = Image + Time
What changes when we add the temporal dimension?

10 min

02

The Transformer Era
From local convolutions to global attention

15 min03

The CNN Era
From single frames to 3D convolutions

15 min

04
Video + Foundation Models
Generation and understanding in the modern era

10 min



Part 1

Video = Image + Time

What changes when we add the temporal dimension?



What is Video?
Video = Image + Time



Tasks in video understanding

Source: Tang et al., 2024



Example task: Video Classification
Image Classification vs Video Classification



Problem: Videos are big!



Training vs Testing on Video Clips



From This Course to Video
Every technique we learned extends to video

Image Video (today)

CNN (Wk 3) 2D conv, 3×3 kernel 3D CNN: 3×3×3 kernel (C3D, I3D)

ViT (Wk 5) Patch embedding, self-attention TimeSformer: spatiotemporal patches

SSL (Wk 7) MAE: mask 75% VideoMAE: mask 90-95% (use redundancy!)

CLIP (Wk 9) Image-text alignment VideoCLIP, InternVideo

Diffusion (Wk 10-11) 2D latent diffusion Sora: 3D spatiotemporal latent

VLM (Wk 12) Image tokens  LLM Video-LLM: frame tokens  LLM



Part 2

The CNN Era

From single frames to 3D convolutions



How to Handle Time?: Single-Frame CNN
Process each frame independently and average them



How to Handle Time?: Late Fusion (MLP)



How to Handle Time?: Late Fusion (Pooling)



How to Handle Time?: Early Fusion (2D CNN)



How to Handle Time?: Early Fusion (3D CNN)



3D Convolution: The Key Insight
2D Conv (Early Fusion)
Input: C_in × T × H × W
Kernel: C_out × C_in × T × 3 × 3

slides over space only
Problem: no temporal shift-invariance!

Needs to learn separate filters for the same 
motion at different times

3D Conv
Input: C_in × T × H × W
Kernel: C_out × C_in × 3 × 3 × 3 

slides over space AND time
Temporal shift-invariant!

Same filter detects the same motion pattern
regardless of when it occurs



Optical Flow & Two-Stream Networks



Optical Flow & Two-Stream Networks
Simonyan & Zisserman, NeurIPS 2014 — Separate appearance and motion



Inflating 2D Networks to 3D (I3D)



Inflating 2D Networks to 3D (I3D)



Part 3

The Transformer Era
From local convolutions to global attention



Vision Transformers in Video



Two Broad Strategies for Video ViT



#1-1. Joint vs Divided Space-Time Attention



#1-1. Divided Space-Time Attention



#1-1. Divided Space-Time Attention



#1-2. Video Swin Transformer



#1-3. Multiscale Vision Transformers



Two Broad Strategies for Video ViT



Two Broad Strategies for Video ViT



Part 4

Video + Foundation Models
Generation and understanding in the modern era



Video Understanding LLMs (Video LLMs)



Video Generation: From Diffusion to Sora
How Sora Works
Everything from Wk 10-11:

Diffusion / Flow Matching
+ LDM (latent space)
+ DiT (Transformer backbone)
+ CFG (text guidance)

New for video:
2D patches  3D spacetime patches
Spatial attn  + temporal attn
2D VAE  3D VAE
(compress space AND time)

Scale & Challenges
Scale:

1 image: ~50K latent values
1 video: ~2M latent values
40× more compute

Coherence:
Objects must persist
Physics must be plausible
Camera motion must be smooth



Video Understanding methods

Source: Tang et al., 2024



Summary & Resources

Next Week  Week 15: Embodied AI & Robot vision

What We Covered
Part 1: Video = Image + Time
Data structure, training on clips

Part 2: CNN Era
Optical flow + Two-stream
I3D (inflate)

Part 3: Transformer Era
Modify attention operator

- Joint / Divided attention
- Video swin transformer
- Multiscale ViT

Reduce the number of tokens
Part 4: Foundation Model Era
Sora = Diffusion + Video
Video-LLM = VLM + frame sampling

Further Reading
CNN Era:
Two-Stream: Simonyan & Zisserman, 2014
C3D: Tran et al., 2015
I3D: Carreira & Zisserman, 2017
R(2+1)D: Tran et al., 2018
Non-Local: Wang et al., 2018
TSM: Lin et al., 2019
SlowFast: Feichtenhofer et al., 2019

Transformer Era:
TimeSformer: Bertasius et al., 2021
ViViT: Arnab et al., 2021
VideoMAE: Tong et al., 2022

Modern:
Sora: OpenAI, 2024
Survey: Tang et al., 2024
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