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Abstract: A signal transformation which converts a thick 

discrete image in to a thin discrete image format is called as 

image thinning. The most basic  form of skeletonization is 

image thinning. The task of skeletonization is the reduction 

of parent image in to a large compact representation form. 

In this Paper thinning is implemented on an image of  size 

256x256 pixels using iterative sequential thinning 

algorithm and it is designed using MATLAB 7.10 and 

mapped on virtex 5 in Xilinx ISE 12.2 using verilog and the 

hardware implementation is done using FPGA Spartan 3E 

device. The Performance is measured using Thinning 

Rate(TR). 

Keywords: Image thinning, skeletonization, Iterative 

sequential thinning algorithm, Matlab, verilog. 

 

I. INTRODUCTION 

Image thinning is the process of transforming a thick discrete 

image in to a thin discrete form. Thinning also gives us a 

reduced form of original image .The skeleton of an image has 

a very good advantage that it requires less time to process a 

signal and it also consumes less memory for storing the data. 

It has been considered that thinning is actually a 
skeletonization. There are many applications of thinning such 

as character recognition, face recognition, pattern 

recognition, fingerprint image recognition etc. The proposed 

work is focussed on Implementation of Iterative sequential 

thinning algorithm proposed by Kardos, Nemeth and Palagyi 

for the application of fingerprint recognition system. This 

algorithm is popular because of its simplicity in 

implementation and high computational speed. The 

performance measurement is done by Image thinning at a 

higher speed. The hardware implementation is done using 

FPGA Spartan 3E Xilinx ISE 12.2 mapped on virtex 5 using 
verilog. The publication of Peter Tabarek focussed on 

Performance measurements of thinning for digitizing maps 

with road infrastructure[5]. The publication of Lingga 

Hermanto shows the main concept of developing and 

implementing thinning algorithm as a initial step for 

fingerprint recognition system. The first step is the 

development of simple algorithm for thin fingerprint image 

and later this is tested on computer. The second step is the 

implementation  on FPGA device. The main research is for 

developing thinning algorithm on pixel value ‘0’,so there is 

no need for segmentation of RI[4].  In January 2013,a critical 

step in fingerprint recognition is done for minutae extraction 
while skeletonizing the fingerprint image. It is considered 

that the Thinning is the preprocessing stage in the fingerprint 

recognition system. The two factors for considerations are  

 

speed and reliability for the fingerprint identification system. 

To faster the Thinning process an improved fast thinning 

algorithm is proposed and implemented in MATLAB and on 

FPGA[1].In this paper it is focussed to improve the speed of 

execution and reduce the delay. 

 

II. REFERRED ALGORITHM 

The proposed work follows the following steps[6] for 

thinning: 

 
Step 1.Diagonal matrices 

This box having four 3x3 matrices, which are built for 

thinning diagonal lines. If any two pixels are adjacent at an 

angle of 45 degree and a third pixel connects both of these at 

90 degree ,then the third pixel is eliminated and made that 

cell as 0.This leads to formation of four diagonal pixels. 

 

Step 2.Horizontal matrices 

In order to thin horizontal lines ,we use horizontal matrices. 

Lines should be thin from down to top. This leads to the 

formation of four matrices. 

 
Step 3.Vertical matrices 

Thinning of vertical lines thin the matrices from right to left. 

Step 4.Final matrices 

The thinned image should not have noise after applying all 

the three steps. Thinning should be continued resulting in 

three matrices. 

The input image is pre-processed as shown in figure 1,the 

first step is to resize the input image size with 256x256 then 

convert the RGB image in to gray scale image because RGB 

takes more processing time. To have accurate output results 

of an image a simple signal transformation is performed on 
the input image  to standard format using resize function, to 

do that the size of each image is compared to a standard size 

categories. If the image size is not matching with any of size 

categories, some cropping or padding categories will be 

applied to the image. The iterative sequential thinning 

algorithm proposed by Kardos, Nemeth and Palagyi in 2009 

is very popular because of their implementation simplicity 

and high computational speed. 

 

III. METHODOLOGY 

Image thinning is widely used for signal transformation of 

thick digital image in to thin digital image. 
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Figure 1: Block diagram 

Figure 1 shows the Block diagram of proposed algorithm. 

 

Step 1: Input selection: The input query image signal is 

browsed from the image dataset and it is read and displayed 

on the moniter. 

 

Step 2: Resize: The query image is resized by the standard 
size of 256x256 to get accuracy. 

 

Step 3: color-conversion: The color image is converted in to 

gray scale image because RGB takes more processing time. 

The hexadecimal values are converted in to binary format for 

storage in matlab. 

 

Step 4: Thinning: The iterative sequential thinning algorithm 

is applied to find the image edges and the threshold value. 

 

Step 5: output: The output image is Thinned image and 

processes fast compared to input image. 
 

Figure 2 shows the flow chart of thinning process of input 

selection, resize, color-conversion, iterative thinning 

algorithm. 
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Figure 2 :flow chart 

Figure 3  shows the data  flow graph  of operation of 

thinning process, preprocessing stage, resize, color 

conversion process, iterative sequential thinning algorithm 

,storing the results in file system and implementation of 
hardware on  FPGA. 
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Figure 3. Data flow graph 

 

IV. PERFORMANCE MEASUREMENT 

Thinned images are measured by its Performance in terms of 

Thinning Rate(TR)[5].This is calculated using the equation  

referred from the equation as   

             TR=1-TTCt/TTC0 

Where : 

TTC stands for total triangle count 
TTCt stands for total triangle count of thinned image. 

TTC0 stands for total triangle count of original image. 

When TR=1 ,image is Perfectly thinned, 

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

 

V. RESULTS AND DISCUSSIONS 

The image thinning algorithm simulations are shown. The 

input fingerprint image of size 256x256 is thinned and 

simulation results are shown using MATLAB command. 

Matlab simulation results: 

 
Fig  (a) 

Fig (a) shows the Input Query image which is selected from 

the database in order to convert the thick digital image in to 

thin digital image. 
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Fig (b) 

Fig (b)  shows the Resized image to a standard form of size 

256x256 to have accurate results.  

 
Fig (c) 

Figure (c) shows the Color converted image which is Gray 

scale image  to speeder the process. 

 
Fig (d) 

Fig (d) shows the Binarised Image for Processing. 

 
Fig (e) 

Fig (e) shows the output result of thinned image which is 

further used for  fingerprint recognition system. 

 
Verilog Simulation Results: 

The RTL schematics and simulation results for verilog code 

using Xilinx 12.2 are as shown.  

 
Fig (f)  RTL schematics 

The RTL schematics representing the number of  I/O s and  

number of gates and the clock signals used is shown in Fig 

(f) and  Fig (g). 

 
Fig (g)  RTL schematics of internal memory and data 

processing unit 

 
Fig (h) Simulation results of Image thinning 

Fig (h) shows the inputs as binary values and outputs  
idatoutram[255:0]  after thinning. 

 

VI. PERFORMANCE ANALYSIS 

Table 1 shows the voltage ,current and power consumed. 

 
Table 1. Performance  analysis  table 

 

VII. CONCLUSION 
The pixel based iterative sequential thinning algorithm is 

designed and simulated using matlab and verilog..The inputs 

are displayed in nanoseconds. The total time taken by the 

CPU to complete execution is 645.00 seconds. The output 

image is properly thinned. The proposed algorithm is more 

efficient  than the existing methods 
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