
Lecture 10 

Texture Analysis and Hough 
Transform 
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Texture 
• Organized patterns of quite regular 

subelements called textons. 

• Texture is a property of sufficiently large 
regions  

 

Applications: 
– Texture based segmentation 

– Texture synthesis  

– Texture analysis and texture based matching 

– Shape (surface orientation) from texture 
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Texture Examples 
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Texture Examples 

(a,b):  Artificial 

 textures 

(c,d,e): Naturally 

 occurring  

 textures 
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Representing textures 
Statistical 

 yields characterization of textures as smooth, coarse 

grainy, etc.  
Spectral 

 are based on Fourier spectrum and are primarily used to 
detect the global periodicity in an image by identifying 
high energy narrow peaks in the spectrum. 
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Statistical approaches 
• Based on the histogram measures of image 

• Based on the Grey Level Co-occurrence Matrix (GLCM) and related 
measurement 

Histogram based texture description 

Using statistical moments of grey level histogram of the image or region 

Let p(zi) is the histogram of the grey levels zi of an image 

The nth moment about the mean is given by: 

 

 

Where mean is  

 

The 0th moment = 1,  and the 1st moment = 0,  

The variance is the second moment and is given by 
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Histogram based texture 
description 

• For texture description the following parameters are useful 

– Variance and related measures: descriptor of relative 
smoothness, use normalized variance 

 

– Skewness of histogram  

 

– Relative flatness of histogram 

 

– Uniformity 

 

– Average Entropy 
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Histogram based texture description (example) 
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GLCMs 

• For texture description the following parameters of GLCM are 
measured and analyzed 

 Maximum probability 

  

 Contrast 

 

  

 Uniformity 

 

 Entropy 

)(max
,

ij
ji

c

2( )     ij

i j

i j c


i j

ijij cc 2log


i j

ijc2

















17 

Spectral techniques: Fourier 
transform 

• Suitable to detect directionality of periodic and almost periodic 2-
D patterns in an image 

• Periodic texture patterns are easily detectable by concentration of 
high energy burst in the spectrum 

• Features of Fourier spectrum for texture representation are: 

– Prominent peaks in the spectrum give the principal direction of 
texture patterns 

– The location of peaks give the frequency and thus the scale of 
repetition of a pattern 

• Eliminating any periodic components via filtering leaves non-
periodic image elements which can be described by statistical 
techniques 
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Spectral techniques: Fourier 
transform 

• Simplified by expressing the spectrum in polar coordinates to yield a 
function S(r, q) where S is the spectrum function and r and q are the polar 
coordinates. 

 For each direction q , S(r, q) = a 1-D function Sq (r)   

 For each frequency r , S(r, q) = a 1-D function Sr (q) 

• Analyzing Sq (r) for a fixed q , gives the distance from the origin and thus 
the scale of repetition of a texture pattern. 

• Analyzing Sr (q) for a fixed r, gives the direction and thus the orientation of 
the periodic texture pattern. 

• To measure this analysis, we define two quantities 

 

  

 

These quantities measure the spectral response and give the dominant 
directions and scales of periodic texture patterns.     
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Spectral techniques: Fourier transform 
(example) 

Image showing 

periodic 

texture Spectrum 

Plot of 

S(r) 

Plot of 

S(q) 
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Spectral techniques: Fourier transform 
(example) 

Another image showing 

periodic texture 
Plot of S(q) 
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Hough Transform 
• The edge points are linked by determining if they lie on a curve of 

specified shape. 

• Let us take the case of straight lines: we want to link points if they 
lie on a straight line. 

• Consider a point (xi,yi), the equation of any line passing through 
this point is given by: yi = a xi + b, which can be written as:           b 
= - xia + yi. Therefore every point in xy plane corresponds to a 
straight line in ab plane.  

• If there is a second point (xj,yj), another line with equation:             
b = - xja + yj is drawn in the ab plane.  

• The intersection of the two lines in ab space give the values of 
(a/,b/), which define a line passing through both points (xi,yi) and 
(xj,yj).  
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Hough Transform 
 

 

 

 

 

 

 

Implementation 

 The parameter space ab is subdivided 
into the accumulator cells, where 
(amax,amin) and (bmax,bmin) are the 
expected ranges of slope and 
intercept values. 
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Hough Transform 
Implementation steps: 

• Initially the accumulator cells are set to zero. 

• Then for every point (xk,yk) in the image, a is varied over the 
allowed subdivision values and the corresponding b values are 
calculated using b = -xka + yk. 

• The resulting b are then rounded off to the allowed values of b.  

• If a value of ap results in solution bq, we let the corresponding 
accumulator value A(p,q) = A(p,q) +1.  

• In the end the value of Q in A(i,j) corresponds to Q points on the 
line y = -aix + bj. 

 Note: The number of subdivisions in the ab plane determines the 
accuracy of the colinearity of these points. 
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Hough Transform Implementation 
1 0 0 0 0 0 0 

0 1 0 0 0 0 0 
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…. 

Parameters a and b can take values between –infinity to +infinity 
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Hough Transform 
• Limitation in using yi = a xi + b, as the representation of 

straight line is that slope approaches to infinity as the line 
approaches to be vertical.  

• Therefore usually Hough Transform is implemented using the 
polar equation of straight line, i.e.   

 and instead of ab-plane rq-plane is used.  

• Every point in image gives a sinusoidal curve in the rq-plane.  

rqq  sincos yx
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Hough Transform 
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Hough Transform 
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Implementation of the Hough transform 
• Construct an array representing q, r 

• For each point, render the curve (q, r) into this array, adding one 
at each cell 

• Difficulties 

– how big should the cells be? (too big, and we cannot 
distinguish between quite different lines; too small, and noise 
causes lines to be missed) 

• How many lines? 

– count the peaks in the Hough array 

• This method can be extended to other type of curves also by 
using the equation for the desired curve, e.g. circle: 
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Hough Transform 
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Hough Transform 
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 Two main limitations:noise and cell size 

 

Noise Limitations of Hough Transform 

Results for a specimen of line with 20 points, with different amounts of 

noise 
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Hough Transform 


