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Abstract 

  

Image thinning is a signal transformation that converts a thick digital image into a thin digital image or obtains its 

skeleton form. The skeleton expresses the structural connectivites of the main component of a object and is one pixel in 

width. Skeletonization reduces the original image into a more compact representation. A basic method of skeletonization 

is thinning. In this paper image thinning operation has been implemented on a binary image of 128 x 128 pixels using 

Zhang Suen’s thinning algorithm. The proposed work is designed using MATLAB 7.12 and also synthesized by mapping 

on Virtex 5 in Xilinx ISE for understanding the hardware complexity. Simulation results are obtained in terms of 

waveforms in ISim Xilinx ISE Simulator and the output text file of the hardware system is converted to an image format 

using MATLAB. Performance measurement is carried out between Zhang – Suen’s thinning algorithm and MATLAB 

command for image thinning in terms of Thinning Rate (TR). 
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1. Introduction 

 
1
Thinning is a process of extracting a skeleton from an 

object in a digital image. It can also be defined as act of 

identifying those pixels belonging to an object that are 

essential for communicating the object’s shape: 

these are the skeletal pixels, and form a set. Thinning 

provides a convenient and condensed representation of 

image object information. Skeleton of an object can 

preserve topological properties, reduce storage 

requirements and reduce the transmission time. Thinning 

is also termed as skeletonization. Skeletonization is widely 

used in many image pre-processing applications, such as 

character recognition, pattern recognition, image coding 

and biological shape description. The proposed work 

focuses on extracting the centre line of a binary image 

using Zhang-Suen thinning algorithm. Performance 

measurement is carried out between Zhang – Suen’s 

thinning algorithm and MATLAB command for image 

thinning in terms of Thinning Rate (TR). 

 

1.1 Overview of Skeletonization 

 

Skeletonization or thinning operation is done by iteratively 

eroding away nonessential pixels from the image until one 

is left with a stick figure, or skeleton, which describes the 

object. Skeletonization algorithms are the need to compute 

a reduced amount of data or to simplify the shape of an 
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object in order to find features for recognition algorithms 

and classifications. Additionally the transformation of a 

component into an image showing essential characteristics 

can eliminate local noise at the frontier.  

 

The result of skeletonization using thinning algorithms 

must have the following properties: 

 

As thin as possible, Connected andCentred 

 

All the thinning algorithms are classified into two broad 

categories: 

 

1) Iterative thinning algorithm 

2) Non iterative thinning algorithm 

 

 
 

Figure 1.1.1: Taxonomy of thinning algorithms 

 

In iterative methods, thinning algorithms produce a 

skeleton by examining and deleting contour pixels through 

an iterative process in either sequential or parallel way. 
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Sequential thinning algorithms which examine contour 

points of an object in a predetermined order, and this can 

be accomplished by either raster scanning or following the 

image by contour pixels. In parallel thinning algorithms, 

pixels are examined for deletion on the basis of results 

obtained only from the previous iteration. Hence parallel 

thinning algorithms are suitable for implementation in 

parallel processors. 

 Non-iterative (non pixel based) thinning is not based 

on examining individual pixels. These algorithms produce 

a certain median or centre line of the pattern to be thinned 

directly in one pass, without examining all the individual 

pixels. Some popular non pixel based methods include 

medial axis transforms, distance transforms, and 

determination of centrelines by line following. Medial axis 

transforms often use gray-level images where pixel 

intensity represents distance to the boundary of the object. 

Distance transform based methods compute the distance to 

the image background for each object pixel and use this 

information to determine which pixels are part of the 

skeleton. 

 

1.2 Zhang-Suen’s Thinning Algorithm 

 

The Zhang-Suen’s thinning algorithm is an iterative 

algorithm. It is fast and simple to be implemented. In this 

algorithm it is assumed that the region point in the image 

has pixel value '1' and background points have value '0'. 

The Zhang Suen's method consist of successive passes of 

two basic steps applied to the contour points of the given 

region, where a contour point is any pixel with value '1' 

and having at least One 8-neighbor valued '0'. With 

reference to the 8-neighborhood definition shown in figure 

1, the first step flags a contour point p for deletion if the 

following conditions are satisfied: 

(a) 2<=N(P1)<=6. 

(b) S(P1)=1. 

(c) P2*P4*P6=0. 

(d) P4*P6*P8=0. 

where N(p1) is the number of nonzero neighbours of 

p1that is, N(P1)=P2+P3+……..P8+P9 and S(p1) is the 

number of 0-1 transition in the ordered sequence of p2, p3, 

..., p8, p9. For example, N(p1) = 4 and S(p1) = 3 in figure 

 
 

Figure 1.2.1:  Neighbourhood arrangement and 

Illustration of conditions (a) and (b). 

 

In the second step, conditions (a) and (b) remain the same, 

but conditions (c) and (d) are changed to: 

 

(c
’
) P2*P4*P8=0(d

’
) P2*P6*P8=0. 

Step 1 is applied to every border pixel in the binary region 

under consideration. If one or more of the conditions (a) 

through (d) area violated, the value of the point in question 

is not changed. If all conditions area satisfied the point is 

flagged for deletion. It is important to be considered, that 

the point is not deleted until all border points have been 

processed. This prevents changing the structure of the data 

during execution of the algorithm. After step 1 has been 

applied to all border points, those that were flagged are 

deleted, changed to '0' for example. Then, step 2 is applied 

to the resulting data in exactly the same manner as step 1. 

 

1.3 Performance measurement for image thinning in terms 

of Thinning Rate (TR) 

 

A thinned object must be thinned as named. The degree to 

which an object is said to be thinned or completely thinned 

can be measured in terms of TR. It is represented by the 

equation 1.3.1 

 

      
    

    
.                                                                                                                      

(1.3.1) 

Where: 

-  TTC stands for total triangle count. 

-  TTCT stands for total triangle count of thinned image. 

-  TTCo stands for total triangle count of original image. 

Many image thinning algorithms are using rules and 

templates, which are based on finding triangles to remove 

excessive pixels. This principle is used by the equation 

given below: 
   

  ∑∑          

 

   

 

   

                                                                                                      

    Where: 

-  m, n are the dimensions of the image.  

-  P[i][j] is black pixel with coordinates i, j. 

-  TC stands for triangle count. 

  - TC is function which counts number of black triangles 

which can be created from P[i][j] and its                                       

neighbouring pixels. When TR = 1 image is perfectly 

thinned, when TR = 0 image is not thinned at all. 

 

2. Literature Survey 

 

Thinning is a process of reducing a shape to a simpler that 

still retains the essential features of the original object 

(J.Serra, 1982). A common use of thinning is in the pre-

processing stage to facilitate higher level analysis and 

recognition for applications such as Optical Character 

Recognition, diagram understanding, fingerprint analysis, 

and feature detection for computer vision. In (Gayathri S 

et al, 2013) an improved fast thinning algorithm is 

proposed to accelerate the process for thinning fingerprint 

images. The algorithm is implemented both in Matlab and 

on FPGA using VHDL. In (Kamaljeet Kaur et al, 

2013)authors show skeletonization of an binary image in 

which they use gradient and watershed algorithm to 

extract what can be an image in actual and perform the 

skeletonization over the image to avoid higher intensity 
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values. In (Neeti Daryal at al, 2012) Compares root mean 

square errors on skeletonization using Mathematical 

Morphology and Voronoi Diagrams. And the authors 

found that best accuracy of skeletonization is by 

Mathematical Morphology.  

       In (Lingga Hermanto et al, 2010) the author describes 

that hardware implementation of thinning algorithm is bit 

difficult because data is stored in memory with 

sequential/serial access on it when compared with high 

level language accessing image pixel value stored in 

matrix is easy by using index of the matrix for example 

P(row,col). In (Kuo-Chin Fan et al, 1998) the author 

presents a remedy to overcome the drawbacks of 

traditional thinning algorithm like low speed, deformation 

by a novel approach which generates the skeletons of 

binary patterns via block decomposition and contour 

vector matching. 

 

3. Methodology 

 

The entire code for thinning of binary image of size 128 x 

128 is developed in Xilinx 12.1 using verilog, a hardware 

descriptive language and in MATLAB 7.12.  

 

 
 

Figure 3.1.1: Functional block diagram 

 

Figure 3.1.1 shows the functional block diagram for Zhang 

– Suen’s thinning algorithm using Verilog. From the block 

diagram it is clear that, the binary image of size 128 x 128 

pixels is stored in the internal memory. To access the 

information, RAM must be addressed to get the values of 

the pixels that are required for processing. Therefore 

address and write control logic is required, which 

sequentially access the information stored in internal 

memory. Read the frames of data that need to be processed 

repeatedly till the converge condition is met. That is, the 9 

bit matrix arranged as [p1,p2,p3…p9] is fed to the bit cell 

array. The data obtained is only one bit p1( either 0 or 1). 

The bit pattern is computed and the three conditions are 

evaluated. Accordingly p1 is set or reset. The process is 

repeated till the counter becomes zero according to the 

algorithm. 

 

3.2: Flow Chart 

 
Figure 3.2.1: Procedure for image thinning using Verilog   

 

 
Figure 3.2.2: Procedure for image thinning using 

MATLAB 

 

Figure 3.2.1 and figure 3.2.2 shows the flowchart design 

for image thinning using Verilog and MATLAB 

respectively. 
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4. Results 

 

4.1 Verilog Results 

  

In this section, experimental results are demonstrated. The 

image thinning algorithm is developed in Xilinx ISE 12.1. 

It is designed using Verilog by storing the binary image in 

the memory. The pixel values stored in the memory are 

accessed with the help of address and write control logic. 

Then each and every pixel is examined and contour pixels 

are deleted through an iterative process, to produce a 

skeleton of an image.  

 

 
 

Figure 4.1.1: Simulation results of image thinning 

 

Figure 4.1.1 shows the simulation results of image 

thinning. Here input image matrix is in a binary value. In 

graph idatainram [127:0] represents the original image 

matrix of size 128 x 128 and idatoutram[127:0] represents 

the image matrix after thinning.  

 

 
 

4.1.2: Memory file of an unprocessed image 

 

Figure 4.1.2 shows a memory file of an unprocessed 

binary image. The zeros and ones represent the values of 

pixels stored sequentially in the memory. The background 

points have value ‘0’ which appear black in color and the 

region point in the image have pixel value ‘1’. Figure 4.1.3 

is the memory file of a processed binary image. It clearly 

indicates the thinning of a binary image i.e the pixels 

satisfying the conditions has mentioned in the proposed 

algorithm is set ‘0’ yielding skeletonization of the region. 

The RTL schematics of the internal memory and data 

processing unit are generated in Xilinx ISE tool as shown 

in the Figure 4.1.4. 

 

 
 

Figure 4.1.3: Memory file of a processed image 

 
 

Figure 4.1.4: RTL schematics of the internal memory and 

data processing unit 

 

        
 

Figure 4.1.5: Original image before thinning                          

Figure 4.1.6: Image after thinning obtained from Verilog 

 

Figure 4.1.5 is the original image before thinning. This 

image is obtained by converting an input text file to image 

format using MATLAB. The verilog output results a 

output text file with processed pixel values obtained by 

Xilinx’s tool. This text file is then converted to image 

format using MATLAB which shown in figure 4.1.6.   

 

4.2 MATLAB Results 

 

        
Figure 4.2.1: Original image before thinning                  

Figure 4.2.2: Thinned image using Zhang-Suen’s 

algorithm  
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The Zhang – Suen’s image thinning algorithm is also 

developed using MATLAB 7.12. The mushroom image of 

size 128 x 128 is considered as the input image shown in 

figure 4.2.1. The thinned image of mushroom obtained 

from the MATLAB is shown in figure 4.2.2. The thinning 

operation is also performed on the mushroom image using 

MATLAB command as shown in the figure 4.2.3. 

 

  

 

Figure 4.2.3: Thinned image using MATLAB command  

 

Table 4.2.1: Performance measurement in terms of 

thinning rate 

 
        

Image 
Performance 

Comparison 

Total 

Triangle 

Count 

Thinning Rate 

        

  
Original 

Image 
75138 0 

        

        

Mushroom.png 

Zhang-

Suen’s 

Thinning 

Algorithm 

42 1 

        

        

  MATLAB 

Command 
6 1 

        

 

 

 

 

 

 

 

Conclusion 

 

The pixel based thinning algorithm is designed and 

simulated using Verilog and MATLAB. Simulation results 

obtained from verilog are shown through ISim Simulator 

Xilinx ISE 12.1. The proposed algorithm designed in 

Verilog is more efficient because the complete frame of an 

image is read at once there by reducing the iteration by 

128 times. The results obtained from the MATLAB and 

Xilinx should be compared. The performance of the 

thinning algorithm is also compared in terms of thinning 

rate. 
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