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Robot Vision
15. Optical Flow
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Motion
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Motion ?



Not only humans see it moving
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Watch: https://www.youtube.com/watch?v=S4IHB3qK1KU



Reasons?

• The patterns only move when you blink or move your eyes

• The arrangement of the backgrounds of the ‘rabbits’ determines 
which way the patterns rotate.
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Why estimate visual motion?

• Visual Motion can be due to problems
• Camera instabilities, jitter

• Visual Motion Indicates dynamics in the scene
• Moving objects, behavior, tracking objects, analyze trajectories

• Visual Motion reveals spatial layout
• Motion parallax
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Optical Flow

Visual Motion Estimation

• Patch-based motion
• Optical Flow

• Lucas-Kanade

• Horn-Schunck

• NN-based approaches:
• Example: FlowNET
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Applications
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Perception of Motion
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Video

• A video is a sequence of frames captured over time
• Image data is a function of space (x,y) and time (t)
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Apparent motion
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Describing motion

• Simplest way: Image Differencing (intensity values)
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Optical Flow

• Refers to the problem of estimating a vector field of local 
displacement in a sequence of images.

• When we fix our attention to a single point and measure velocities 
flowing through that location, then the problem is called optical flow.
• Stereo matching, image matching, tracking,…
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Estimating optical flow

• Assume the image intensity I is constant
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Source: https://courses.cs.washington.edu/courses/cse455/16wi/notes/14_Optical_Flow.pdf



Estimating the optical flow
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Source: https://courses.cs.washington.edu/courses/cse455/16wi/notes/14_Optical_Flow.pdf



Assumption: The brightness constant

• Expresses the idea of similar brightness for the same objects 
observed in a sequence

• When we follow with a given location and trace their position in 
consecutive images of a sequence, then the problem is called “feature 
tracking”
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Barber pole ilusion
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Source: https://en.wikipedia.org/wiki/Barberpole_illusion

The illusion occurs when a diagonally striped pole is rotated around its vertical axis (horizontally), 

it appears as though the stripes are moving in the direction of its vertical axis

https://en.wikipedia.org/wiki/Vertical_axis
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Pitfalls and alternatives

• Brightness constancy is not satisfied
• Correlation based method could be used

• A point may not move like its neighbors
• Regularization based methods

• The motion may not be small (Taylor does not hold!)
• Multi-scale estimation could be used
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Multi-scale flow estimation
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Applications: target tracking
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Applications: action recognition
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Applications: motion modeling
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Applications: Motion segmentation
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Applications:  FlowCap 2D Human Pose
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Example:

• Python code
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Further readings

• Szeliski, R. Ch. 7

• Bergen et al. ECCV 92, pp. 237-252.

• Shi, J. and Tomasi, C. CVPR 94, pp.593-600.

• Baker, S. and Matthews, I. IJCV 2004, pp. 221-255.
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Questions?


