
Visual Computing:

Advanced Optical Flow 
& Video Compression

Prof. Marc Pollefeys

TexPoint fonts used in EMF. 



• Brightness constancy equation

• Aperture problem

• Solution: 
– regularize (trade-off brightness constancy and smoothness)

– And many more (today)

Last lecture: Optical Flow

0  =++ tyx IvIuI

(2 unknowns)

(1 constraint) ?

isophote I(t)=I

isophote I(t+1)=I



SlowMoVideo

http://slowmovideo.granjow.net/ 

Bachelor thesis Simon Eugster

http://slowmovideo.granjow.net/
Eugster/Hair.avi
Eugster/Timelapse-retimed.avi
Eugster/Smoke-Ultraslow.avi
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Optical Flow

• Brightness Constancy

• The Aperture problem

• Regularization

• Lucas-Kanade

• Coarse-to-fine

• Parametric motion models

• SSD tracking

• Bayesian flow
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KLT: Good features to keep tracking

Simple displacement is sufficient between consecutive 
frames, but not to compare to reference template



15



16



17



18



19



21



Advanced parametric model

• Optical flow constrained by non-rigid face model

Flexible flow for 3D nonrigid tracking and shape recovery,

Brand and Bhotika, CVPR2001.
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Epipolar Geometry

By Arne Nordmann (norro) - Own work (Own drawing), CC BY-SA 3.0, 
https://commons.wikimedia.org/w/index.php?curid=1702052
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Optical Flow

• Brightness Constancy

• The Aperture problem

• Regularization

• Lucas-Kanade

• Coarse-to-fine

• Parametric motion models

• SSD tracking

• Bayesian flow
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Rhombus Displays 

http://www.cs.huji.ac.il/~yweiss/Rhombus/

http://www.cs.huji.ac.il/~yweiss/Rhombus/
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Optical Flow

• Brightness Constancy

• The Aperture problem

• Regularization

• Lucas-Kanade

• Coarse-to-fine

• Parametric motion models

• SSD tracking

• Bayesian flow
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Visual Computing:

Video Compression

Prof. Marc Pollefeys

TexPoint fonts used in EMF. 



Perception of motion

• Human visual system is specifically sensitive to 
motion

• Eyes follow motion automatically

• Some distortions are not as perceivable as in 
image coding (would be if we froze frame)

• No good psycho-visual model available



Acuity of the Visual Field
(small digression)
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Perception of motion

• Visual perception is limited to <24Hz

– A succession of images will be perceived as 
continuous if frequency is sufficiently high

– Cinema 24Hz, TV 25(50) Hz 

• Still need to avoid aliasing (wheel effect)

– High-rendering frame-rates desired in computer 
games (needed due to absence of motion blur)

• Flicker can be perceived up to >60Hz in 
particular in periphery 

– Issue addressed by 100Hz TV



Bloch’s Law

10/6/15
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Bloch’s Law - Implications

• Enforces limits on framerate for animations and videos (min 10 
Hz)

10/6/15

49



Video Format

Slides Aljoscha Smolic



Interlaced video format

Slides Aljoscha Smolic



Why compress video?

• Raw HD TV signal 720p@50Hz

1280x720x50x24bits/s = 1.105.920.000bits/s 
>1Gb/s

Only 20Mb/s HDTV channel bandwidth

Required compression factor of 60 

(0.40bits/pixel on average)

(e.g.1920x1080@60Hz>1Gb/s)



Video Compression



Lossy video compression

• Take advantage of redundancy 

– Spatial correlation between neighboring pixels

– Temporal correlation between frames

• Drop perceptually unimportant details 



Temporal Redundancy

• Take advantage of similarity between 
successive frames

950 951 952



“Talking Head”

Temporal Activity



Temporal processing

Slide from John G. Apostolopoulos 



Video Compression

Slide from John G. Apostolopoulos 



Temporal Redundancy Reduction

• I frames are independently encoded

• P frames are based on previous I, P frames

– Can send motion vector plus changes

• B frames are based on previous and following I and P frames

– In case something is uncovered



Temporal Redundancy Reduction



Temporal Redundancy 
Reduction



Video compressor diagram

Temporal 

model

Entropy 

encoder

Spatial

model

Stored 

Frames

Video

input

residual

vectors

coefficients

Encoded

output



Question

• When may temporal redundancy reduction 
be ineffective?



Answer

• When may temporal redundancy reduction 
be ineffective?

– Many scene changes

– High motion



Non-Temporal Redundancy 

• Many scene changes



Non-Temporal Redundancy 

• Sometimes high motion



Temporal processing:
Motion-compensated prediction

Slide from John G. Apostolopoulos 



Temporal processing:
Motion estimation

Slide from John G. Apostolopoulos 



Block-matching motion estimation

Slide from John G. Apostolopoulos 



Block-matching: 
determining the best matching block

Slide from John G. Apostolopoulos 



(from last lecture)



Motion vector and motion vector field

Slide from John G. Apostolopoulos 



Example of Fast Motion Estimation Search:
3-Step (Log) Search

Slide from John G. Apostolopoulos 



Motion Vector Precision?

Slide from John G. Apostolopoulos 



Practical Half-Pixel Motion Estimation 
Algorithm

Slide from John G. Apostolopoulos 



Example: MC-Prediction for 
Two Consecutive Frames

Slide from John G. Apostolopoulos 



Example: MC-Prediction for 
Two Consecutive Frames

Slide from John G. Apostolopoulos 



MC-prediction

Slide from Aljoscha Smolic



Example MC

CIF Format 

(352x288)

Slide from 

Aljoscha Smolic



Example MC

QCIF Format 

(176x144)

Slide from 

Aljoscha Smolic



Block Matching Algorithm: Summary

Slide from John G. Apostolopoulos 



Bidirectional MC prediction

Slide from 

John G. Apostolopoulos 



Example bidirectional prediction



MC-Prediction and Bi-Directional 
MC-Prediction (P-and B-frames)

Slide from John G. Apostolopoulos 



Video compression

Slide from John 
G. Apostolopoulos 



Example Use of I-,P-,B-frames: 
MPEG Group of Pictures (GOP)

Slide from John G. Apostolopoulos 



Group of Pictures (GOP)

• Starts with an I-frame

• Ends with frame right before next I-frame

• “Open” ends in B-frame, “Closed” in P-frame

– (What is the difference?)

• MPEG Encoding a parameter, but ‘typical’:

– I B B P B B P B B I

– I B B P B B P B B P B B I

• Why not have all P and B frames after initial I?



Example Compress. Performance

Type Size Compression

---------------------

I    18 KB    7:1

P     6 KB   20:1

B   2.5 KB   50:1

Avg  4.8 KB   27:1

---------------------

Note, results are Variable Bit Rate, 

even if frame rate is constant



Summary of Temporal Processing

Slide from John G. Apostolopoulos 



Basic Video Compression Architecture

Slide from John G. Apostolopoulos 



Example Video Encoder



Example Video Decoder

Slide from John G. Apostolopoulos 



Hybrid Coding (MC+DCT)



MPEG-4 part 10 aka H.264



Current Video Compression Standards



Actual Standard H.264/AVC



Objective quality measure: PSNR

Slides Aljoscha Smolic



Subjective evaluation

Slides Aljoscha Smolic



Rate-Distortion Curve

(PSNR = Peak Signal to Noise Ratio) (MSE = Mean Square Error)







Examples H.264/AVC



• http://en.wikipedia.org/wiki/High_Efficiency_Video_Coding

http://en.wikipedia.org/wiki/High_Efficiency_Video_Coding


From https://www.thebroadcastbridge.com/content/entry /10029/h.264-v ersus-hev c-understanding-the-dif ferences#:~:text=265%20is%20more%20adv anced%20than,Unlike%20H .

https://www.thebroadcastbridge.com/content/entry/10029/h.264-versus-hevc-understanding-the-differences


Next week:

Selected topics:

CNN & Radon transform
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