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Abstract- Applications of Real time image processing requires processing on large data of pixels in a given timing 
constraints. FPGA which is reconfigurable device are capable of reducing execution times by making use of parallelism 
techniques in image processing algorithms. Implementation of highly parallel system architecture, parallel access of large 
internal memory banks and optimization of processing element for applications makes FPGA an ideal device for image 
processing system. Edge detection is an elementary and important tool in image processing applications to extract 
information from an image as edges consist of meaningful features and contained significant information. Sobel edge 
detection is gradient based edge detection method used to find edges in an image.  This paper presents an implementation of 
a Sobel edge detection algorithm to find edge pixels in an image using Xilinx Spartan-3E. 
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I. INTRODUCTION 
 
An image can be represented as two dimensional 
function f(x,y) where x and y are spatial co-ordinates; 
magnitude of function f gives intensity or gray level 
value at that point. Where intensity of function f(x,y) 
changes sharply that will be an edge pixels and 
connected edge pixels are called an edges. Edge 
detection is a process to identify sharp changes in 
pixels values with respect to neighbouring pixels 
values. Sobel edge detection is first order derivative 
based method because it is computed using digital 
gradient of image. In gray scale image each pixel is 
represented by 8 bit which means intensity values 
vary from 0 to 255 where 0 stands for black color and 
255 stands for white color. FPGA consisting of an 
array of programmable logic elements; these elements 
can be programmed for DSP functions. FPGAs have 
large number of internal memory banks which can be 
accessed parallel that allows FPGA hardware to 
execute functions in a few clock cycles. This paper 
describes implementation of Sobel edge detection 
algorithm using VHDL language and its portion on 
Xilinx FPGA. 
 
II. RELATED WORK 
 
Ami J. Shukla, Prof. Vibha Patel, Prof. Nagendra 
Gajjar provided various algorithms for edge 
detection. Authors revealed that to carry out extreme 
computations involved in real time image processing 
a system which is really fast is required. They 
addressed that high amount of computation power in 
limited time can be achieved   by using FPGA as a 
platform. They addressed to use the technology with 
huge amount of parallelism i.e. FPGA. [1] 
Girish N. Chapale, R.D. Daruwala presented the 
design of Sobel Edge detection algorithm to find edge 
pixels in gray scale image. They designed Image 
processing algorithm for image edge detection using 
Sobel operator on target FPGAs. They implemented 

algorithms for edge detection using VHDL and 
MATLAB software for obtaining data matrix from 
gray scale image and vice-versa. [3] 
J.L.Smith described hardware optimization by 
reduction of the sorting and selection network 
technique. They included techniques of triangular 
groups with three nodes perform a full sorting on 
three elements. Authors revealed that some nodes 
only use one of their two outputs. They allowed 
eliminating in these nodes one of the multiplexers, 
reducing the used resources. Authors revealed that it 
increases the response of filtration by decreasing 
delay time and power consumption per window 
shift.[4] 
Miguel A. Vega- Rodriguez, Juan M.Sanchez-Perez, 
Juan A. Gomez-Pulido proposed hardware 
optimization technique such as reduction of the 
sorting and selection network and reuse of common 
resources. The time to process 30 images is 998.203 
ms. Average execution time for software is 84459.76 
ms and for hardware is 998.203 ms. CLBs required 
for the implementation are 634. [6]  
 
S.Vidya Dharan, Mohamed Khalil- Hani, Nasir 
Shaikh- Husin included face detection algorithm 
implemented in hardware accelerators using stream-
oriented hardware architecture. Window-based image 
processing such as median and morphological 
filtering were accelerated in hardware using 
streaming architecture with line buffers to achieve 
maximum throughput. Authors revealed that window 
based image processing such as median and 
morphological filtering were accelerated using line 
buffering technique to achieve maximum throughput. 
Hardware utilized less that 2 % of total resources in 
cyclone IV E FPGA.[8] 
 
III. THEORETICAL CONCEPTS 
 
An image is a spatial representation of object. Real –
time image processing system captures images, 
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analyses those images to obtain desired information 
and then uses that information for controlling 
purpose. In an image each pixel is having its unique 
pixel value or intensity. The differences in pixel value 
with respect to neighbouring pixel value are called an 
edges. They are formed due to sudden changes of 
discontinuity in an image pixel values. Edges consist 
of meaningful features and contain significant 
information. In Real world Image edges can be 
blurred and hence have ramp profile; as first order 
derivative is zero at constant gray level and nonzero 
at entire ramp region therefore magnitude of first 
order derivative can be used for detecting an edge in 
images. Sobel edge detection method is first order 
derivative based method and it calculates edges in 
both horizontal and vertical directions. Sobel operator 
detects edges in an image using two kernels. One is 
horizontal mask and other is vertical mask they can 
also be called 0° convolution kernel and 90° 
convolution kernel respectively. 
 

 
Fig.1    (a) 3x3 region of an image (b) 0° Sobel Kernel (c) 90° 

Sobel Kernel                                                                      
 
Gradient of f(x,y) at co-ordinates (x,y) is defined as 
two dimensional column vectors pointing to direction 
of greatest rate of change ƒ at that location is, 

                         ∇ ƒ =  퐺푥퐺푦  = 
ƒ

ƒ                         (1)                                

            퐺푥 = (푍7 + 2 ∗ 푍8 + 푍9)− (푍1 + 2 ∗ 푍2 +
푍3)      (2)                                                                                                        
퐺푦 = (푍3 + 2 ∗ 푍6 + 푍9) − (푍1 + 2 ∗ 푍4 + 푍7)        

(3)                                                                            
The magnitude of this vector is given by, 

∇ ƒ = mag (∇ ƒ) = [ 퐺푥 +  퐺푦  ]½                          
(4) 

         = ƒ ² + ƒ ²                                                
(5)                                                                                

 
The computation of implementing Eq. (4) over an 
entire image is not trivial, and it is common practice 
to approximate the magnitude of the gradient by 
using absolute values instead of squares and square 
roots: 

           mag (∇ ƒ) ≈  |퐺푥| +  |퐺푦|                                  
(6)           

These are the steps involved in Sobel Edge Detection 
algorithm. 
 
IV. HARDWARE IMPLEMENTATION 
 
The fig. 2 shows entire block diagram for the 
implementation of Sobel edge detection algorithm on 

FPGA. An input image is taken and transferred to 
FPGA serially using serial cable. For transmission 
and reception of input and output image data 
MATLAB software and serial cable is used. FPGA is 
programmed according to VHDL code for Sobel edge 
detection using JTAG Programmer.LCD Display is 
used to display transmitting and receiving values. 
Sobel edge detection algorithm is implemented in 
VHDL language and FPGA is programmed using 
JTAG programmer. Input image of any size is taken 
and is resized using MATLAB before applying Sobel 
edge filter. 

 
Fig.2: Block Diagram of Proposed Work 

 
Implemented algorithm is applied on input image 
data and output image data is transmitted serially 
from FPGA to PC and output image is displayed 
using MATLAB software. 
Xilinx integrated system environment design suite 
software platforms are used for writing edge 
detection algorithm in VHDL language. Edge 
detection system architecture is mainly divided into 
two module first is accumulation of data in first in 
first out register memory. Second module is edge 
detection operation module and used for performing 
convolution, addition, threshold comparing operation 
on gathered pixel data. Sobel edge detection module 
is responsible for convolution, addition, threshold 
comparison.  
 

 
Fig.3 Edge Detection Architecture 

 
Convolution operation used multipliers, adders, 
dividers to calculate output. For real time applications 
system should be fast as more number of 
mathematical calculations makes an FPGA slower. 
Hence, while developing algorithm more attention is 
required on mathematical computation. Gx and Gy 
obtained by convolving 0º, 90º Sobel Kernel with 
input image. Output of convolution may be positive 
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or negative. To reduce mathematical computations 
eq. 5 is approximated to eq. 6. 
 
RESULTS 
 
A. Simulation Results: 
The design of Sobel edge detection algorithm is 
described using VHDL/Verilog. Simulation results of 
sobel edge detection algorithm are observed using 
MATLAB and Modelsim software. Input image 
browsed and created its ASCII text file using 
MATLAB. Image pixel values are stored in 1-D array 
to apply Sobel filter on image data. The output text 
files created after compiling VHDL programs 
designed for Sobel edge detection filter in Modelsim. 
To display output images created text files converted 
back to image using MATLAB.  
 

 
Fig.4 Input Image  

 
Fig 4 shows the input image. The ASCII text file of 
input image is created after running MATLAB 
code.Fig.5 shows the simulation result of Sobel edge 
detection algorithm in Modelsim 
 

 
Fig.5 Simulation waveform 

 
Simulation results are obtained in Modelsim after 
compiling VHDL program for Sobel filter. In 
simulation waveform ID, Idx_out, Idy_out, 
Idx_abs_out, sup, kk are signals used in vhdl program 

designed for Sobel filter. Input image data is stored in 
an array ID. Idx_out and Idy_out are used to store x-
gradient and y-gradient outputs respectively. The 
signals sup and kk are used for suppression and 
thresholding purpose. Magnitude of gradient is stored 
in Idx_abs_out.  
 

 
Fig. 6 Edge detected image 

 
Fig 6 shows the edge detected image converted from 
ASCII text file which is generated by Sobel filter 
VHDL program. 
 
B. Hardware Results: 
The design for Sobel edge detection filter is 
implemented in VHDL language and is realized using 
Xilinx Spartan-3E XC3S100E FPGA device. VHDL 
programs implemented for hardware realization of 
Sobel filter are synthesized in Xilinx ISE tool. FPGA 
hardware is programmed using JTAG programmer. 
Fig.7 shows the screenshot of programming FPGA 
using JTAG. 
 

 
Fig.7 Connection between FPGA and PC  

 
Serial to USB cable is used to transmit and receive 
input/output image data is connected between FPGA 
and PC. Fig. 8 shows the COM port detection where 
the serial cable is connected. The image data is 
transmitted and received serially using MATLAB 
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program in which corresponding COM port of serial 
cable is specified. 

 
Fig.8 Identification of COM port for serial communication 

 
The corresponding COM port is specified in 
MATLAB program which will start serial 
transmission and reception. Fig.9 shows hardware 
setup. Connection is made between FPGA and PC 
using serial to USB cable and JTAG programmer is 
used to program FPGA. 
 

 
Fig.9 Hardware setup 

 
Implemented algorithm is synthesized in Xilinx ISE 
tool .Occupied CLB’s, maximum frequency and time 
etc parameters for Sobel edge detection algorithm are 
observed in Device utilization summary. Table 1 
shows Device utilization summary. Table 2 shows 
Timing Summary. 
 

Table 1 Device Utilization Summary 
Logic 
utilization 

Used Available Utilization 

No. of    slices 316 960 32% 
No. of slice 
flip flops 

276 1920 14% 

No. of 4 input 
LUTs 

550 1920 28% 

No. of bonded 
IOBs 

14 108 12% 

No. of GCLKs 1 24 4% 
 

Table 2 Timing summary 
Maximum Time required 2 min 30 sec 

Maximum frequency 
required 

63.984 MHz 

 
The Sobel edge detection filter is applied on different 
images and it is realized using FPGA hardware. 
Following are the results of Sobel edge detection 
realization on Xilinx FPGA. 

 
 
Different input images and their edge detected images 
are shown in Fig.10. Fig A,C,E are input images and 
B,D,F are their corresponding edge detected images. 
 
CONCLUSION 
 
This paper presents implementation of Sobel edge 
detection algorithm using VHDL language and its 
realization on Xilinx Spartan 3E XC3S100E FPGA. 
Input and output images are transmitted using serial 
communication. The minimum period required for 
the implementation is 15.629 ns. The maximum 
frequency required is 63.84 MHz . 
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