HERIOT-WATT UNIVERSITY

DEPARTMENT OF COMPUTING AND ELECTRICAL ENGINEERING

22.5SD2 – Matlab tutorial 4

Histogram manipulation and basic segmentation

Objectives:

We will investigate the properties of the histogram and its various uses for image pre-processing, visualisation and segmentation. 

During this session, you will learn & practice:

1- More programming in matlab

2- More examples of functions and scripts

3- Histogram manipulation in matlab

4- Simple segmentation techniques

Ressources required:

In order to carry out this session, you will need to download images and matlab files from the following location:

http://www.ece.eps.hw.ac.uk/~ceeyrp/WWW/Teaching/B39SD2/B39SD2.html
Please download the following images:

· Image of Lena
· Landsat image
We will also use the circuit and flowers images (circuit.tif, flowers.tif).

You are of course encouraged to try these programs out on images of your choice.

Please download the following functions and script:
· Otsu.m
Histogram manipulation: 

As already seen in class, the histogram of an image is a simple way to see how the gray level (i.e. the information) is spread over the available range of grey levels. This in turn can be used to highlight problems during the acquisition (clipping due to over exposure, low contrast). The histogram can also be modified to make better use of the available range for further processing and display.

There is another way to see the histogram in the light of probability theory. An image can be seen as a random field (array) of pixels, each pixel being a random variable. Assuming these pixels follow the same statistical law, then the histogram can be interpreted as an estimator of the probability density function (pdf) of this law. This fact has been used for texture classification using local histograms for example (here, the texture are modelled locally by the histogram).
Matlab has several functions available to calculate and process histograms:

· imhist: Display the histogram of an image. Synthax: hist = imhist(ima,nb_boxes). imhist works with uint8 types images.

· histeq: histogram equalisation and specification. Synthax: ima1 = histeq(ima,hgram) where hgram is a specified histogram. If hgram is not present, histogram equalisation is performed.

Please load an image (for example landsat.tif).

Display the image in a figure;

Now use the imhist and histeq functions

Comments?

Use the histeq function to specify histograms for various images and compare the result with the desired histogram. 

Can you explain the difference?

Can you improve the results?

What is the influence of the number of boxes?

Now have a look at the imadjust function and see how it is related to histeq.

Simple segmentation using histograms: binarisation

In order to binarise an image, we have to find a suitable threshold to separate the image pixels into two classes of pixel value 0 and 1 (binary image). In general, you can fix the threshold by looking at the histogram (see imhist) . This technique is obviously not automated as it requires the user’s input. Moreover, the selection of the threshold is somehow very subjective. 

Try various threshold using the circuit image (and others if you want) and compare the values you consider as optimal with the one chosen by your colleagues. It is clear that for images with a bimodal histogram, the choice is easy but it can become very difficult when the histogram is not bimodal.

In order to overcome this problem, several techniques have been proposed and we are going to investigate one. The technique, proposed by Otsu. consists in considering the histogram as the superposition of two clusters of grey levels belonging to 2 different classes. The threshold is calculated so that the mean square error between one point and its representative (cluster) is minimised. It is in fact a particular case of scalar quantification on N bits in the case of 1 bit. Let’s write 
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the representatives of the two classes 
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. We want to minimize the following functional:
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where N is the number of grey levels in the image, s the value of the threshold and h(k) is the value of the histogram (used as an estimate of the pdf of the grey level distribution). 

Minimizing L with respect to
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 yields the following results 
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 and 
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We can notice that 
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 have a clear interpretation as the mean values of each class I and S. Reporting these expressions into L leads to a new functional to maximise which depends only on s:
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where
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This expression has been obtained after some manipulations. As you can see, it is now only dependent on s. This expression can not be solve analytically but can be solved numerically.

This is your next job.

Write a matlab program which calculates on an image the threshold obtained by the maximisation of H(s). 

Use this function on various test images. Visualise Hs in each case.
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