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Line/Boundary fitting is difficult because…

● Extraneous data: clutter or multiple boundaries
○ We do not know what is part of the boundary?
○ Can we pull out boundaries with a few parts from much larger amounts of background clutter?

● Missing data: only some parts of boundaries are present
● Noise
● Cost:

○ It is not feasible to check all combinations of features by fitting a boundary to each possible subset

So what can we do?



Background: Line parameterizations



Line parameterizations: Slope intercept form



Line parameterizations: Slope intercept form



Line parameterizations: Double intercept form



Line parameterizations: Double intercept form

Two point form

0,b

a,0



Line parameterizations: Normal Form



Line parameterizations: Normal Form



Hough Transform



Hough transform
● Generic framework for detecting a parametric model, where the geometry of the object or 

feature is described by a finite set of parameters.

● Edges don’t have to be connected

● Lines can be occluded

● Key idea: edges vote for the possible models



Image and parameter space

Also commonly 
written as 
y = mx + c



Image and parameter space



Image and parameter space



Image and parameter space



Image and parameter space



Image and parameter space



Image and parameter space



Image and parameter space



Image and parameter space



Image and parameter space



How would you find the best fitting line?



Line Detection by Hough Transform

pixel



Multiple Line Detection



Multiple Line Detection



Multiple Line Detection



Problems with parameterization



Problems with parameterization



Better Parameterization



Better Parameterization



Image and parameter space



Image and parameter space



Image and parameter space



Image and parameter space
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Image and parameter space



Image and parameter space



Image and parameter space
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Image and parameter space



Implementation



Examples



Basic shapes (in parameter space)



Basic shapes (in parameter space)



Basic shapes (in parameter space)



More complex image



Hough Transform Mechanics

● How big should the accumulator cells be?

○ Too big, and different lines may be merged

○ Too small, and noise causes lines to be missed

● How many lines?

○ Count the peaks in the accumulator array (can use a peak finding algo like non-maximal suppression)

● Handling inaccurate edge locations:

○ Increment patch in accumulator rather than single point



In practice, measurements are noisy…



Too much noise …



Effects of noise level



Effects of noise level



Real-world example



Real-world example


