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Chapter 3 

Image Recognition 
J 

3.1 Introduction 

Many scientific contributions in image recognition techniques arc related to matching 

of primitives [7] for general tools with nice applications. However. they arc not 

adapted tor large sets of images, since they require a sequential image-by-image 

comparison. In addition to that, the same techniques apply to a broad range of types of 

images, and trying to educate the user in the perfcmnance and results rather than the 

theorv. 

After taking a new image, a user inputs the image itself and approximate position, 

approximate area width as additional infom1ation to the system in order to check the 

image. The system receives the image and additional infon11ation and goes into 

process as follows. Figure 3.1 shows the general control flow chart of an Image 

recognition system. 

1. Select the input image - Image processing begins \Vith the capture of an image 

with a suitable, not necessmily optical, acquisition system. In a technical or 

scientific application, we may choose to select an appropriate imaging system. 

11. Once the image is sensed, it must be brought into a form that can be treated 

with digital computers. This process is called digitization. 

111. The first steps of digital processing may include a number of different 

operations and arc known as image preprocessing. At this stage, it is necessary 

to analyze and identify objects. The basic tools for this task arc edge detection, 

the extraction of simple structure and complex patterns known in image 

processing as texture [7]. 
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I\'. Then the object has to be separated Ji·om the background. lh1s medns that 

regwns of constant !Catures and discontinuities must be identli]ed h\ 

scgmen rat ion. 

\. Finally the obJect has to he classi l]ed and Identif1ed the object known as oh;ecr 

i dent ifi cation. 

In addition to this technique there are some othct methods such as Artif1cial Neural 

Networks [8]. 
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Figure 3.1: Components of an Image recognition system 
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3.2 Approaches 

I mage Proccssi ng Algorithms arc the basis for I mage Anal ys1 s and f\1 achmc V 1 sion 

[9. 1 0 J. Image Processing Algorithms can be di\'idcd as shmvn below 

• Grey-Level Segmentation or Thresholding Methods 

• Edge-Detection Techniques 

• Digital Morphology ... 
• Texture 

• Thinning and Skclctonization Algorithms 

3.2.1 Grey-Level Segmentation or Threshold Method 

Threshold or grey-level segmentation is an essential concept related with image 

processing and machine vision. Threshold is a conversion between a grey-level image 

and a hi-level image. Bi-lcvcl image 1s a monochrome image only composed by black 

and white pixels. Most of the time pixels with similar grey lc\-els belong to the same 

object. Therefore. classifying the image by grey-level pixels may reduce and simplify 

some image processing operations such as pattcm recognition. and classification. 

The most essential threshold operation will be the selection of a sin[;le threshold 

mlue. All the grey levels below this value arc classified as black (0), and those above 

white (1 ). Most of time it is impossible to segment an image into objects and 

background with a single threshold value because of noise and illumination ctfccts. A 

tentative simple approach could be the use of the mean grcT level in the image as a 

threshold. This would cause about half of the pixels to become white and the other 

half black. 

Another easy method to find the threshold is the P-ti!e method [ 1 0]. This method uses 

the histot,rram of grey levels in the image. With the histogram and the percentage of 

black pixels desired, one determines the number of black pixels by multiplying the 

percentage by the total number of pixels. Then one simply counts the pixels in 

histogram bins, starting at bin 0, until the count is greater than or equal to the desired 

number of black pixels. The threshold is the grey level associated with last bin 

counted. This method has the advantage that it is possible to change the percentage of 

the black pixels desired. 
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1 he Ldge J>ixel method [ 1 OJ produces a threshold \'~due based on the digital 

Laplacian, \\hil'11 is a 11011-direetional edge detection operator, The llistogram of the 

original image is found considering only those pixels having large Laplacians. Tlwn 

the threshold is computed using this new histogram. 

All the methods presented so far assumed that the background and object pixels ha\ e 

non-overlapping grey levels. Therefore, the selection of a single threshold for an 
; 

image is not possible in most of the case. However, all that is needed is for the two 

classes of pixels not to overlap over each of a set of regions that collectively t(mn the 

llnage. The first step is to determine how many independent regions f(mn the image 

and their sizes [ !1]. For each of them, it is possible to apply one of the previous 

threshold methods. Thercf()re, there is not a single threshold value, but one per region. 

Only one thing to take care of when using regional threshold method, it is necessary 

to make sure that either each region contains a sample of both object and background 

pixels, or that no threshold is attempted when only one pixel class exists. 

3.2.2 Edge-Detection Techniques 

In Image Processing, an edge is the boundary bct\veen an object and its background. 

They represent the frontier for single objects. Therefore, if the edges of image·s 

objects can be identified with precision, all the objects can be located and their 

propet1ics such as area, perimeter, shape, etc, can be calculated. Edge detection is an 

essential tool f(n machine vision and image processing. 

Edge detection is the process of locating the edge pixels. Then an edge cnhanccmcm 

will increase the contrast between the edges and the background in such a way that 

edges become more visible. In addition, edge tracing is the process of following the 

edges, usually collecting the edge pixels into a list [ 1 OJ. 

A model of an edge can be ideally represented by the Step Edge, which is simply a 

change in grey level occurring at one location. The step edge is an ideal model 

because in a real image never a change in a grey level occurs in the extreme left side 

of a pixel due to noise and illumination disturbances. Due to digitization, it is unlike 

that the image will be sampling in such a way that all of the edges happen to 

correspond exactly with a pixel boundary. The change in t,JTey level may extend across 
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\ arious pixels. The actual position of the edge is considcrL'd to lw in the center of the 

ramp connecting the low grey lc\ el to the high grey It'\ el. This is called RullljJ Dig c. 

Figure 3.2 shows these t\\o c1ses. 

Ideal step edge Ramp edgr 

Figure 3.2: l;dgc J\1odcls 

The Sohel edge detector is a Template-Based Edge Detector that uses templates in the 

fonn of convolution masks such as 
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These templates arc an approximation to the gradient at the pixel in the center of the 

template. 

Another edge detector technique is Kirsch Edge Detector [ 10 J. The masks given by 

these templates try to model the kind of grey level change seen near an edge having 

various orientations. There is a mask for each of eight compass directions. The 

response is the maximum ofthe responses of any ofthe eight masks and the directions 

quantified into eight possibilities (rr/4*i). 

Two advanced and optimized edge detectors are Canny Edge Detectors [ 12] and 

Infinite Symmetric Exponential Filter (ISEF). Both are classified as Mathematical 

Edge Detectors. 

3.2.3 Digital Morphology 

A group of mathematical operations can be applied to the set of pixels to enhance or 

highlight specific aspects of the shape so that they can be counted or recognized. This 

part of the image processing analysis deals with image filtering and geometric 

analysis of the structuring elements. Erosion or elimination of set of pixels having a 
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gi\Cn pattem (structuring ekment) and dilalion or addition of a gi\Tn pattern to a 

small area. arc basic morphology operations. Binar\ morplwlogical opLTations arc 

defined on bi-ln cl images. 

A combination of the simplest morphology operation: dilation and erosion \\ill rL'sult 

in t\\O very helpful image processing operations. They arc called opening and closing. 

Opening: Application of erosion Immediately f()l/owcd l:,y a dilation usmg the same 

structuring clement. This binary operation tends to open small gaps bct\\'ecn touching 

objects in an image. After an opening objects arc better isolated, and might be counted 

or classified. A practical application of an opening is removing noise. For instance 

after threshold an image. 

Closing: Application of a dilation immediately followed by erosion using the same 

structuring element. The closing operation closes or fills the gaps between objects. 

1-DW1I1 
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Figure 3.3: The result of applying multiple opening to an image 

Figure 3.3 shows the results of applying opening ti·om depth I (I dilations followed 

by one erosion) to depth 5. It can be observed that the result of multiple openings is a 

negative image with smoothing edges. 

3.2.4 Texture 

The repetition of a pattern or pattcms over a region is called texture. This pattcm may 

be repeated exactly, or as set or small variations. Texture has a conflictive random 

aspect: the size, shape, color, and orientation of the clements of the pattern. The main 

goal identifying different textures in machine vision is to replace them by a unique 

grey level or color. 

A texture is a combination of a large number of textons. Isolating textons and treat 

them as individual objects, it is something doable. Once this is done, it should be 

possible to locate edges that result from the grey-level transition along boundary of a 

texton. Analyzing some edge properties such as common directions, distances over 
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\\ hich the edge pixel repeat or a !llcasurc of the local rkns!ly, it is po-;s1blc to 

charactcri/e the tc.xturc. 

The number of edge pixels 111 a \\indO\\ can be found after applying an edge dl'lector 

to that \\indmv. The11. the density is calculated di\idmg the number of edge pixels 

found hy the area of the window. from here, useful information can be extracted . 

.. 
3.2.5 Thinning and Skclctonization Algorithms 

Skclctonization was introduced to describe the global properties of objects and to 

reduce the original image into a more compact representation. The skeleton expresses 

the structural connectivity of the main components of an object and it has the width of 

one pixel in the discrete case, 

A basic method for skcletonization is thinning. It is an iterative technique, which 

extracts the skeleton of an object as a result. In iteration, the edge pixels having at 

least one adjacent background point is deleted. All those pixels can be eroded, only if 

its removal doesn't atlect the topology of the object. The skeleton represents the shape 

ofthc object in a relatively small number of pixels [ llJ. 

They arc two Skeletonization algorithms: The Stentiford Thinning Algorithm [ 11 J and 

The Zhang-Suen Thinning Algorithm r 11]. Figure 3.4 compare some examples of the 

thinning process using the Stentiford Algorithm and the Zhang-Suen Thinning 

Algorithm. 

Using: StentiCord Algorithm Using: Zhang:-Sucn Algorithm 
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Figure 3.4: Comparison the Skclctonization Process by Two Algorithms 
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