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Motion 

Computer Vision I
CSE252A
Lecture 17
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Motion
Some problems of motion

1. Correspondence: Where have elements of the image 
moved between image frames

2. Reconstruction: Given correspondence, what is 3-D 
geometry of scene

3. Segmentation: What are regions of image corresponding 
to different moving objects

4. Tracking: Where have objects moved in the image? 
related to correspondence and segmentation.

Variations: 
– Small motion (video), 
– Wide-baseline (multi-view)
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Is motion estimation inherent in humans?
Demo
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The Motion Field
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What causes a motion field?
1. Camera moves (translates, rotates)
2. Object’s in scene move rigidly
3. Objects articulate (pliers, humans, animals)
4. Objects bend and deform (fish)
5. Blowing smoke, clouds 
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Rigid Motion: General Case

Position and orientation of a rigid body
Rotation Matrix & Translation vector

Rigid Motion:
Velocity Vector: T

Angular Velocity Vector: ω (or Ω)
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General Motion
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pTp ×+= ω&Substitute                             where p=(x,y,z)T
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Motion Field Equation

• T: Components of 3-D linear motion
• ω: Angular velocity vector
• (u,v): Image point coordinates
• Z: depth
• f: focal length
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Pure Translation

ω = 0 
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THE MOTION FIELD
The “instantaneous” velocity of points in an image LOOMING

The Focus of 
Expansion (FOE)

du/dt=dv/dt=0

With just this information
it is possible to calculate:

1. Direction of motion
2. Time to collision

Intersection of velocity 
vector with image plane
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Pure Rotation: T=0

• Independent of  Tx Ty Tz
• Independent of Z
• Only function of (u,v), f  and ω
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Rotational MOTION FIELD
The “instantaneous” velocity of points in an image

PURE ROTATION

ω = (0,0,1)T
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Pure Rotation: Motion Field on Sphere
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Mathematical formulation

I (x,y,t) = brightness at image point (x,y) at time t

Optical flow constraint equation :
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Consider scene (or camera) to be moving, so (x,y) is a function of
time (i.e., x(t), y(t)), and point is moving with velecity (dx/dt,dy/dt)

),,(),,( tyxIttt
dt
dyyt

dt
dxxI =+++ δδδ

Brightness constancy assumption:

0=
dt
dI
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Solving for flow

• We can measure 

• We want to solve for

• One equation, two unknowns 

Optical flow constraint equation :
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, =
dt
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dt
dyv =

Flow vector

The component of the optical flow in 
the direction of the image gradient.

CS252A, Winter 2006 Computer Vision I

Normal Flow

Illusion Works Barber Pole Illusion
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Edge

– large gradients, all the same
– large λ1, small λ2

Low texture region

– gradients have small magnitude
– small λ1, small λ2

High textured region

– gradients are different, large magnitudes
– large λ1, large λ2
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Some variants
• Coarse to fine (image pyramids)
• Local/global motion models
• Robust estimation
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Revisiting the small motion 
assumption

• Is this motion small enough?
– Probably not—it’s much larger than one pixel (2nd order 

terms dominate)
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image Iimage H

Gaussian pyramid of image H Gaussian pyramid of image I

image Iimage H u=10 pixels

u=5 pixels

u=2.5 pixels

u=1.25 pixels

Coarse-to-fine optical flow estimation
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image Iimage J

Gaussian pyramid of image H Gaussian pyramid of image I

image Iimage H

Coarse-to-fine optical flow estimation

run iterative L-K

run iterative L-K

warp & upsample

.

.

.
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Multi-resolution Lucas Kanade
Algorithm
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Motion Model Example: Affine Motion
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