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Motion analysis
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Motion analysis:  
consider changes over time

• Short time intervals
– “Early warning system” based on sudden change
– Image flow = instantaneous 2D velocity estimates 

(usually dense field)

– Visual tracking to estimate new target locations in the image

– Image segmentation to identify separately moving object surfaces

• Longer time intervals
– 3D structure/shape from motion (SFM)
– 3D velocity estimates (translational and rotational)

– Estimate time to collision
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Image flow
(also called optical flow or optic flow)

• Goal: For each pixel in the image, 
determine a 2D velocity vector 
– Each velocity vector is assumed to represent the 

instantaneous 2D image velocity of a 3D 
moving object

– This is like determining image disparities for 2 
images taken at very short time intervals
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Image flow recovery (Horn and Schunck, 1981)
• Consider the Taylor series expansion of I:

• Assume:
– The movement is very small between successive 

images, so that we can ignore the higher-order terms
– Locally, we can model the flow as translation only

• This leads to
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• Rewrite:

• This is the image flow equation
(also called the “optical flow constraint equation”)

• Now the goal is to determine the 2D velocity (u, v) 
at every pixel
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Balancing 2 constraints

• 1) How well the image flow equation holds:

• 2) Assume the flow field varies smoothly over I:

or
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• Goal:  find (u, v) throughout image to minimize

• Consider the integrand only:

• Approximate the Laplacian as

• Now we have
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• Revised goal:  find (u, v) throughout image to minimize

• Strategy:  solve for
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• Collecting terms with respect to u and v yields

• Solve simultaneously for u and v:
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Algorithm 1 (iterate on same 2 images):

1. Initialize

2. Repeat until error criterion e is sufficiently small:
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(Horn and Schunck)
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Algorithm 2 (iterate on successive image pairs):

1. Initialize

2. Repeat until time t = latest-frame time:
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Algorithm 3:  (direct translational estimation)

• Recall the image flow equation:

• Suppose we decide to constrain u and v to be constant over 
some small region of the image; then we can find a least-
squares fit!
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Image flow:  refinements

• Use the previous method with coarse-to-fine 
processing 
(This can handle large motion)

• Straight-forward search (usually area-based) to 
find best matches between successive images
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