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Unit 5: Image Analysis 
Segmentation : Point, line, Hough Transform, Edge detection, Boundary 

detection and Thersholding, Region Based segmentation.  
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 Image segmentation is the division of an image into regions or categories, which 

correspond to different objects or parts of objects. Every pixel in an image is allocated to one 

of a number of these categories. A good segmentation is typically one in which: 

 

† pixels in the same category have similar grey scale of  multivariate values and form a 

connected region, 

† neighboring pixels which are in different categories have  dissimilar values. 

 

 Segmentation is often the critical step in image analysis: the point at which we move 

from considering each pixel as a unit of observation to working with objects (or parts of 

objects) in the image, composed of many pixels. If segmentation is done well then all other 

stages in image analysis are made simpler. But, as we shall see, success is often only partial 

when automatic segmentation algorithms are used. However, manual intervention can usually 

overcome these problems, and by this stage the computer should already have done most of 

the work. 

 

There are three general approaches to segmentation, termed thresholding, edge-based 

methods and region-based methods.  

 In thresholding, pixels are allocated to categories according to the range of values in 

which a pixel lies. Fig 4.1(a) shows boundaries which were obtained by thresholding the 

muscle flbres image. Pixels with values less than 128 have been placed in one category, and 

the rest have been placed in the other category. The boundaries between adjacent pixels in 

difierent categories has been superimposed in white on the original image. It can be seen that 

the threshold has successfully segmented the image into the two predominant flbre types. 

 In edge-based segmentation, an edge filter is applied to the image, pixels are 

classified as edge or non-edge depending on the filter output, and pixels which are not 

separated by an edge are allocated to the same category. Fig 4.1(b) shows the boundaries of 

connected regions after applying Prewitt’s filter (x3.4.2) and eliminating all non-border 

segments containing fewer than 500 pixels. 

Finally,  
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 region-based segmentation algorithms operate iteratively by grouping together pixels 

which are neighbors and have similar values and splitting groups of pixels which are 

dissimilar in value. Fig 4.1(c) shows the boundaries produced by one such algorithm, based 

on the concept of watersheds. 
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Edge detection 

 

Since isolated points and lines of unitary pixel thickness are infrequent in most practical 

application, edge detection is the most common approach in gray level discontinuity 

segmentation. An edge is a boundary between two regions having distinct intensity level. It is 

very useful in detecting of discontinuity in an image. When the image changes from dark to 

white or vice-versa. The changes of intensity, first-order derivative and second-order 

derivative are shown in figure 7. 

 

Figure 7. (a) Intensity profile (b) First-order derivatives (c) Second-order derivatives  

First-order derivatives.  

First-order derivatives responds whenever there is discontinuity in intensity level. It is 

positive at the leading edge and negative at the trailing edge. Suppose we have an image f(x, 

y) and gradient operator f.  
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Figure 8. (a) Original Image (b) ‖𝐺𝑥‖component of the gradient along x-direction (c) ‖ Gy 

‖component of the gradient along y-direction (d) Gradient Image ‖𝐺𝑥‖+ ‖𝐺𝑦‖  
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It gives the averaging effect over an image. It considers the effect due to the spurious noise in 
the image. It is preferable over prewitt edge operator because it gives the smoothing effect 
and by which we can reduce spurious edge which are generated because of noise present in 
the image.  

Second-order derivatives 

 

It is positive at the darker side and negative at the white side. It is very sensitive to noise 

present in an image. That’s why it is not used for edge detection. But, it is very useful for 

extracting some secondary information i.e. we can find out whether the point lies on the 

darker side or the white side. 
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Zero-crossing: It is useful to identify the exact location of the edge where there is gradual 

transition of intensity from dark to bright region and vice-versa. There are several second-

order derivative operators: 3.3.2.1. Laplacian operator.  

The Laplacian mask 

 

It is not used for edge detection because it is very sensitive to noise and also leads to double 

edge. But, it is very useful for extracting secondary information. To reduce the effect of 

noise, first image will be smooth using the Gaussian operator and then it is operated by 

Laplacian operator. These two operations together is called LoG (Laplacian of Gaussian) 

operator.  
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Canny operator 

It is very important method to find edges by isolating noise from the image before find edges 

of images, without affecting the features of the edges in the image and then applying the 

tendency to find the edges in the image and the critical value for threshold. 

 

REGION-BASED SEGMENTATION 

Segmentation may be regarded as spatial clustering: 

• clustering in the sense that pixels with similar values are  grouped together, and 

• spatial in that pixels in the same category also form a single connected component. 
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Clustering algorithms may be agglomerative, divisive or iterative (see, for example, Gordon, 

1981). Region-based methods can be similarly categorized into: 

• those which merge pixels, 

• those which split the image into regions, and 

• those which both split-and-merge in an iterative search scheme  

The distinction between edge-based and region-based methods is a little arbitrary. we 

considered involved placing all neighboring non-edge pixels in the same category. In essence, 

this is a merging algorithm. 

 Seeded region growing is a semi-automatic method of the merge type. We will 

explain it by way of an example.  

 Fig 4.13(a) shows a set of seeds, white discs of radius 3, which have been placed 

inside all the muscle fibres, using an on-screen cursor controlled by a computer mouse. 

 Fig 4.13(b) shows again the output from Prewitt’s edge filter. Superimposed on it in 

white are the seeds and the boundaries of a segmentation produced by a form of watershed 

algorithm.  

 The boundaries are also shown superimposed on the original muscle fibres image in 

Fig 4.13(c). 
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For each of a sequence of increasing values of a threshold, all pixels with edge strength less 

than this threshold which form a connected region with one of the seeds are allocated to the 

corresponding fibre.  When a threshold is reached for which two seeds become connected, 

the pixels are used to label the boundary. A mathematical representation of the algorithm is 

too complicated to be given here. Instead, we refer the reader to Vincent and Soille (1991) for 

more details and an efficient algorithm. Meyer and Beucher (1990) also consider the 

watershed algorithm, and added some refinements to the method.  

 The watershed algorithm, in its standard use, is fully automatic. Again, we will 

demonstrate this by illustration. Fig 4.14 shows the output produced by a variance filter with 

Gaussian weights (σ2 = 96) applied to the muscle fibers image after histogram-equalization. 

 The white seeds overlie all the local minima of the filter output, that is, pixels whose 

neighbors all have larger values and so are shaded lighter. Note that it is necessary to use a 

large value of σ2 to ensure that the filter output does not have many more local minima.  
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 The boundaries produced by the watershed algorithm have been added to Fig 4.14. An 

intuitive way of viewing the watershed algorithm is by considering the output from the 

variance filter as an elevation map: light areas are high ridges and dark areas are valleys.  

 Each local minimum can be thought of as the point to which any water falling on the 

region drains, and the segments are the catchments for them. Hence, the boundaries, or 

watersheds, lie along tops of ridges. The previously mentioned Fig 4.1(c) shows this 

segmentation superimposed on the original image.  

There are very many other region-based algorithms, but most of them are quite complicated. 

In this section we will consider just one more, namely an elegant split-and merge algorithm 

proposed by Horowitz and Pavlidis (1976). We will present it in a slightly 

modified form to segment the log-transformed SAR image (Fig 2.6), basing our segmentation 

decisions on variances, whereas Horowitz and Pavlidis based theirs on the range of pixel 

values. The algorithm operates in two stages, and requires a limit to be specified for the 

maximum variance in pixel values in a region.  

The first stage is the splitting one. Initially, the variance of the whole image is calculated. If 

this variance exceeds the specified limit, then the image is subdivided into four quadrants. 

Similarly, if the variance in any of these four quadrants exceeds the limit it is 

further subdivided into four. This continues until the whole image consists of a set of squares 
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of varying sizes, all of which have variances below the limit. (Note that the algorithm must be 

capable of achieving this because at the finest resolution of each square consisting of a single 

pixel the variances are taken to be zero.) Fig 4.15(a) shows the resulting boundaries in white, 

superimposed on the log transformed SAR image, with the variance limit set at 0.60. Note 

that:  

 

Thresholding 

 

Thresholding is the simplest method of image segmentation. From a grayscale image, 

thresholding can be used to create binary images. 

Method 

During the thresholding process, individual pixels in an image are marked as ―object pixels 

if their value is greater than some threshold value (assuming an object to be brighter than the 

background) and as ―background‖ pixels otherwise. This convention is known as threshold 

above. Variants include threshold below, which is opposite of  threshold above; threshold 

inside, where a pixel is labeled "object" if its value is between two thresholds; and threshold 
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outside, which is the opposite of threshold inside. Typically, an object pixel is given a value 

of 1 while a background pixel is given a value of 0. Finally, a binary image is created by 

coloring each pixel white or black, depending on a pixel's label's.  

Threshold selection 

The key parameter in the thresholding process is the choice of the threshold value (or values, 

as mentioned earlier). Several different methods for choosing a threshold exist; users can 

manually choose a threshold value, or a thresholding algorithm can compute a value 

automatically, which is known as automatic thresholding. 

 A simple method would be to choose the mean or median value, the rationale being 

that if the object pixels are brighter than the background, they should also be brighter than the 

average. In a noiseless image with uniform background and object values, the mean or 

median will work well as the threshold, however, this will generally not be the case.  

 A more sophisticated approach might be to create a histogram of the image pixel 

intensities and use the valley point as the threshold. The histogram approach assumes that 

there is some average value for the background and object pixels, but that the actual pixel 

values have some variation around these average values. However, this may be 

computationally expensive, and image histograms may not have clearly defined valley points, 

often making the selection of an accurate threshold difficult. One method that is relatively 

simple, does not require much specific knowledge of the image, and is robust against image 

noise, is the following iterative method:  
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 This iterative algorithm is a special one-dimensional case of the k-means clustering 

algorithm, which has been proven to converge at a local minimum—meaning that a different 

initial threshold may give a different final result. 

Adaptive thresholding 

Thresholding is called adaptive thresholding when a different threshold is used for different 

regions in the image. This may also be known as local or dynamic thresholding.  

Categorizing thresholding Methods 

Sezgin and Sankur (2004) categorize thresholding methods into the following six groups 

based on the information the algorithm manipulates: 

 

· "histogram shape-based methods, where, for example, the peaks, valleys and curvatures of 

the smoothed histogram are analyzed. 
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· clustering-based methods, where the gray-level samples are clustered in two parts as 

background and foreground (object), or alternately are modeled as a mixture of two 

Gaussians.  

· entropy-based methods result in algorithms that use the entropy of the foreground and 

background regions, the cross-entropy between the original and binarized image, etc. 

· object attribute-based methods search a measure of similarity between the gray level and 

the binarized images, such as fuzzy shape similarity, edge coincidence, etc. 

· spatial methods [that] use higher-order probability distribution and/or correlation between 

pixels 

· local methods adapt the threshold value on each pixel to the local image characteristics.”  

Region growing 

Region growing is a simple region-based image segmentation method. It is also classified as 

a pixel-based image segmentation method since it involves the selection of initial seed points. 

 This approach to segmentation examines neighboring pixels of initial ―seed points‖ 

and determines whether the pixel neighbors should be added to the region. The process is 

iterated on, in the same manner as general data clustering algorithms.  

 The advantages and disadvantages of region growing : 

We briefly conclude the advantages and disadvantages of region growing. 

Advantages： 

1. Region growing methods can correctly separate the regions that have the same properties 

we define. 

2. Region growing methods can provide the original images which have clear edges the good 

segmentation results. 

3. The concept is simple. We only need a small numbers of seed point to represent the 

property we want, then grow the region. 
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4. We can determine the seed points and the criteria we want to make. 

5. We can choose the multiple criteria at the same time. 

6. It performs well with respect to noise.  

Disadvantages： 

1. The computation is consuming, no matter the time or power. 

2. Noise or variation of intensity may result in holes or over segmentation. 

3. This method may not distinguish the shading of the real images. 

We can conquer the noise problem easily by using some mask to filter the holes or outlier. 

Therefore, the problem or noise actually does not exist. In conclusion, it is obvious that the 

most serious problem of region growing is the power and time consuming.  
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