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What is the Hough Transform?

The Hough transform is a method that can be used for finding straight lines in an image.

For many reasons like noise, low resolution, unsharp object boundaries, we have the problem to detect lines in pictures.

Assume we have some data points in an image, which are perhaps the result of an edge detection process, or boundary points of a binary blob. We wish to recognize the points that form a straight line.

The Hough transform has many applications, as most manufactured parts (and many anatomical parts investigated in medical imagery) contain feature boundaries, which can be described by regular curves or straight lines.

One useful property of the Hough transformation is that the pixel, which is on the line need not all, be contiguous.

For example, all of the pixels lying on the two dotted lines will be recognized as lying on the same straight line. This can be very useful when trying to detect lines with short breaks in them due to noise, or when objects are partially as shown.


[image: image1]
on the other hand, it can also give misleading results when objects happen to be aligned by chance, as shown by the two dotted lines 
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How it Works
The motivation idea behind the Hough technique for line detection is that each input measurement (coordinate point) indicates its contribution to a globally consistent solution

We have some data points in image, which are the result of an edge detection process. We wish to recognize the point that form a straight line

Consider a point (x, y) in the image. The general equation of a line is 

y = mx + b

There are infinitely many lines that pass through this point, however, they all can be represented be an equation, 

y = mx + b



                                  



for varying m and b, where m and b satisfies 

y¡ = ax¡ + b

We can say each of the possible lines that pass through point (x¡, y¡) has coordinates 

(m, b) in slope intercept space.

In other words, all the lines that pass through point (x¡ , y¡ ) have a unique value of m and b. so they can be characterized as

b = -mx¡  + y ¡ 

Now every lines that passes through a point in image space is mapped to a line in parameter space 
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This means, that any straight line in the image is represented by a single point in the b, m parameter space and any part of this straight line is transformed into the same point.

Slope-intersect representation of a line has problem with vertical line. Both m and b are infinite. An alternative way to do it is normal parameterization, which represent line as

Xcosθ + ysinθ = r

However, that a point in (x, y) space is now represented by a curve in (r, θ) space rather than a straight line.




     




  











        

      y



  
  y  
                                                                                           





c

        c           y = mx + c

                                                  r

                                  x                  θ
             x







          

                                                     -c/m

Accumulator


Suppose we have a set of n points {(x1, y1),  ( x2, y2), (x3, y3), (x4, y4),……,(xn, yn) }
And we want to find a set of straight lines that fit them. The intersection of curves in parameter space correspond to a line passes through 2 or more points in picture. Now we have to find the intersections. Naïve and exhaustive way is to find all n(n-1)/2 points corresponding to the lines between all pairs of image points.

Instead, we quantize the theta-r plane into a quadrupled grid.

It can be regarded as a 2D array of accumulators.

Then, each image point (xi, yi) vote in theta-r space for corresponding curve.

The votes are summed in accumulator.

Therefore, if a cell (θ, r) in the accumulator has n votes, then n image points lie along the line whose normal parameters are (θ, r). If you are looking for one line, just pick largest value in accumulator and map it back to the image space. If you are looking for 2 or more lines, you can use relative maximal or threshold the maximal. 

Example 1
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	 Original image
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[image: image7.png]Gradient image with lines - Accumulator >60
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Example 2
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[image: image11.png]Gradient image with lines - Accumulator >80
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