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1. INTRODUCTION  

 Image processing is important in modern 

data storage and data transmission especially 

in progressive transmission of images, video 

coding (teleconferencing), digital libraries, 

and image database, remote sensing. It has 

to do with manipulation of images done by 

algorithm to produce desired images.The 

advantage is that image processing allows 

much wider range of algorithms to be 

applied to the input data in order to avoid 

problems such as the build-up of noise and 

signal distortion during processing. In this 

paper, implementation of hdl codes for 

image processing is done. The matlab codes 

is modeled for edge detection of images. 

The Edge detection algorithm will be 

implemented on an FPGA, where the 

inherent parallelism offers a better  

 

 

 

 

 

 

 

 

performance.Thereare several ways you can 

implement your algorithm in FPGA. 

 

1.  Simulink HDL Coder: The MathWorks 

offers a tool called Simulink HDL Coder 

which creates synthesizable HDL from 

Simulink models and Embedded M-code.   

 

2.  Xilinx System Generator for 

DSP:  Xilinx offers a highly optimized 

library of blocks that can be simulated 

within Simulink and then compiled for 

FPGA implementation.  This tool is called 

Xilinx System Generator for DSP.   

  

3. Manually HDL Coding:  The final option 

is the most manual. For this you need 

verilog programming skills and subject 

knowledge of digital design.Based on your 

MATLAB algorithm, you would start from 

the beginning and code up your design in 
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VHDL or Verilog (possibly instantiating 

Xilinx IP), create an HDL testbench and 

compair the input/output vectors of 

MATLAB with your HDL 

simulator.  Engineers have done it this way 

for decades, but it is a slow and error-prone 

approach.  Like The MathWorks HDL 

Coder it does have the advantage of yielding 

an HDL design that is not dependent upon a 

specific software tool. 

  

4.  Synphony HSL:  Synopsys has a High 

Level Synthesis tool (HSL) called Synphony 

HLS that is advertised to take MATLAB 

code, quantize it and synthesize HDL code.It 

sounds similar to a tool that Xilinx . 

 

Our work is base on Simulink HDL Coder. 

The generated HDL code can be used for 

FPGA programming .Designing at the 

architectural level allows you to more 

broadly explore the speed and size impact 

that techniques such as vector processing, 

oversampling, and region-of-interest 

processing have on your design. This means 

you can generate higher-quality code than if 

you manually coded HDL, because you have 

the freedom to explore a broader range of 

solutions. 

2.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 

implementedalgorithms 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.VidyaDharan, 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 
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less that 2 % of total resources in cyclone IV 

E FPGA.[8] 

3. SYSTEM OVERVIEW 

The project essentially consists of 

manipulating images in order to perform the 

Sobel Edge detection algorithm. Theimage 

of selected formats like .JPEG, .PNG and 

.BMP are converted to the raw image data 

using a C program. Theimage was 

represented as pixels of 8bits (values 

ranging from 0 to 255).Once the computer 

performs the image extraction, the 

information thus obtained is to be sent to the 

FPGA inorder to perform the mathematical 

computations. The communication between 

the computer and the FPGA is done viathe 

parallel port which is operating in 

bidirectional mode. The Sobel operator is 

applied on the block of pixels receivedin the 

memory. The processed data is transferred 

to the computer using the parallel port. The 

data thus received isfurther manipulated to 

reconstruct and display the edge detected 

image. 

 

A. SOFTWARE USED 

MATLAB14:  

MATLAB is used to model the whole 

system for an easy understanding of 

hardwareimplementation of the algorithm.  

. 

Generate HDL Code from MATLAB 

Using HDL Coder, you can automatically 

convert MATLAB code from floating point 

to fixed point and generate synthesizable 

VHDL and Verilog code. With this 

capability, you can model your algorithm at 

a high level using MATLAB constructs and 

System objects while utilizing options for 

optimizing generated HDL code. You can 

use the library of ready-to-use logic 

elements, such as counters and timers, which 

are written in MATLAB.  

In this paper new capability is introduced in 

HDL Coder™ that generates synthesizable 

VHDL/Verilog code directly from 

MATLAB and highlights some of the key 

features of this new MATLAB based 

workflow. 

FPGAs provide a good compromise between 

general purpose processors (GPPs) and 

application specific integrated circuits 

(ASICs). GPPs are fully programmable but 

are less efficient in terms of power and 

performance; ASICs implement dedicated 

functionality and show the best power and 

performance characteristics, but require 

extremely expensive design validation and 

implementation cycles.  

Due to the order of magnitude performance 

improvement when running high-

throughput, high-performance applications, 

algorithm designers are increasingly using 

FPGAs to prototype and validate their 

innovations instead of using traditional 

processors. However, many of the 

algorithms are implemented in MATLAB 

due to the simple-to-use programming 

model and rich analysis and visualization 

capabilities. When targeting FPGAs or 

ASICs these MATLAB algorithms have to 

be manually translated to HDL. 

For many algorithm developers who are 

well-versed with software programming 

paradigms, mastering the FPGA design 

workflow is a challenge. Unlike software 

algorithm development, hardware 

development requires them to think parallel. 

Other obstacles include: learning the VHDL 

or Verilog language, mastering IDEs from 

FPGA vendors, and understanding esoteric 

terms like "multi-cycle path" and "delay 

balancing". 
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MATLAB to Hardware Workflow

The process of translating MATLAB 

designs to hardware consists of the 

following steps: 

1. Model your algorithm in MATLAB 

use MATLAB to simulate, debug, 

and iteratively test and optimize the 

design. 

2. Generate HDL code - automatically 

create HDL code for FPGA 

prototyping. 

3. Verify HDL code - 

MATLAB test bench to verify the 

generated HDL code. 

4. Create and verify FPGA prototype 

implement and verify your design on 

FPGAs. 

There are some unique challenges in 

translating MATLAB to hardware. 

MATLAB code is procedural and can be 

highly abstract; it can use floating

and has no notion of time. Complex loops 

can be inferred from matrix operations and 

toolbox functions. 

Example MATLAB Algorithm 

Let’s take a MATLAB function 

implementing sobel algorithm for edge 

detection and go through this workflow. 
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MATLAB to Hardware Workflow 

The process of translating MATLAB 

designs to hardware consists of the 

algorithm in MATLAB - 

use MATLAB to simulate, debug, 

and iteratively test and optimize the 

automatically 

create HDL code for FPGA 

 reuse your 

MATLAB test bench to verify the 

te and verify FPGA prototype - 

implement and verify your design on 

There are some unique challenges in 

translating MATLAB to hardware. 

MATLAB code is procedural and can be 

highly abstract; it can use floating-point data 

mplex loops 

can be inferred from matrix operations and 

Let’s take a MATLAB function 

implementing sobel algorithm for edge 

detection and go through this workflow.  

 

Example MATLAB Test Bench

Here is the test bench that verifies that the 

algorithm works with an example image.

 

After running this code , output window 

opens as follows : 

 

HDL Workflow Advisor 

The HDL Workflow Advisor helps automate 

the steps and provides a guided path from 

MATLAB to hardware.  

1. Fixed-Point Conversion

2. HDL Code Generation

3. HDL Verification 
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Example MATLAB Test Bench 

h that verifies that the 

algorithm works with an example image. 

 

After running this code , output window 

 

The HDL Workflow Advisor helps automate 

the steps and provides a guided path from 

Point Conversion 

HDL Code Generation 
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4. HDL Synthesis and Analysis 

5. HDL Code Generation 

The HDL Code Generation step 

generates HDL code from the fixed-

point MATLAB code. You can generate 

either VHDL or Verilog code that 

implements your MATLAB design. In 

addition to generating synthesizable 

HDL code, HDL Coder™ also generates 

various reports, including a traceability 

report that helps you navigate between 

your MATLAB code and the generated 

HDL code, and a resource utilization 

report that approximately what hardware 

resources are needed to implement the 

design, in terms of adders, multipliers, 

and RAMs. 

During code generation, you can specify 

various optimization options to explore 

the design space without having to 

modify your algorithm. In the Design 

Space Exploration and Optimization 

Options section below, you can see how 

you can modify code generation options 

and optimize your design for speed or 

area. 

When writing a MATLAB design: 

• Use the code generation subset of 

MATLAB supported for HDL code 

generation. 

• Keep the top-level interface as 

simple as possible. The top-level 

function size, types, and complexity 

determine the interface of the chip 

implemented in hardware. 

• Do not pass in a big chunk of parallel 

data into the design. Parallel data 

requires a large number of IO pins 

on the chip, and would probably not 

be synthesizable. In a typical image 

processing design, you should 

serialize the pixels as inputs and 

buffer them internally in the 

algorithm. 

When writing a MATLAB test bench: 

• Call the design from the testbench 

function. 

• Exercise the design thoroughly. This 

is particularly important for floating-

point to fixed-point conversion, 

where HDL Coder™ determines the 

ranges of the variables in the 

algorithm based on the values the 

testbench assigns to the variables. 

You can reuse this testbench to 

generate an HDL testbench for 

testing the generated hardware. 

• Simulate the design with the 

testbench prior to code generation to 

make sure there are no simulation 

errors, and to make sure all the 

required files are on the path. 

B. SOBEL EDGE DETECTION  
Sobel operator is utilized as a part of image 

processing and computer vision, especially 

within edge detection algorithms where it 

creates an image emphasizing edges. It is 

named after Irwin Sobel and Gary Feldman. 

Sobel and Feldman presented the idea of an 

"Isotropic 3x3 Image Gradient Operator". In 

fact, it is a discrete differentiation operator, 

figuring the estimations of the gradient of 

the image intensity function. At every point 

in the image, the resultant of the Sobel 

operator is corresponding gradient vector. 

The Sobel operator relies on convolving the 

image with a small, separable, and integer-

valued filter in the horizontal and vertical 

directions and is therefore consequently 

generally cheap as far as calculations. The 

gradient approximation that it produces is 

reasonably rough, specifically for high-

frequency variations in the image.  

Sobel is first order or gradient based edge 

operator. It performs a 2-D spatial gradient 
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measurement on an image. The operator 

uses two 3×3 kernels (or masks) which are 

convolved with the original image to 

calculate approximations of the derivatives – 

one is for the horizontal changes, and the 

other is for vertical changes. Each point 

contain the horizontal and vertical derivative 

approximations respectively, the kernels are 

asfollows:When one kernel is rotated by 90 

degree, another kernel is obtained as shown 

in Figure 1. Gx is used to determine 

horizontal edges and Gy is used to 

determine vertical edges. The direction and 

the strength of the edge at a specific area in 

the image can be calculated by using the 

gradients Gx and Gy. These resulting 

gradient approximations can then be put 

together to give absolute gradient magnitude 

at every point in the image. The magnitude 

of the gradient is calculated as: |G|= (Gx2 

+Gy2)1/2 

 

Gx 

 

 

 

Gy 

 

 

 

4.METHODOLOGY 

 

A. System Implementation Flow  

• Edge Detection is done with Sobel Edge 

Detection algorithm.  

• The model is realized in Matlab.  

• Edge Detection Module is developed using 

verilog HDL and simulated.  

• VGA Monitor Controller for the display is 

implemented in FPGA(XC3S1500) and 

color patterns are displayed on the monitor.  

• ARM processor is made master and the 

image stored in its SD RAM is transferred to 

FPGA for image processing, the processed 

image is displayed through the VGA.  

• Finally edge detection core is inserted for 

image processing.  

 

Field Programmable Gate Arrays 

(FPGAs)  

Field Programmable Gate Arrays (FPGAs) 

represent reconfigurable computing 

technology which is in some ways ideally 

suited for video processing. FPGAs 

generally consist of a system of logic blocks 

(usually look up tables and flip-flops) and 

some amount of Random Access Memory 

(RAM), all wired together using a vast array 

of interconnects. All of the logic in an 

FPGA can be rewired, or reconfigured, with 

a different design as often as the designer 

likes. Today, FPGAs can be developed to 

implement parallel design methodology, 

which is not possible in dedicated DSP 

designs.  

A Spartan 6 FPGA from xylinx is used in 

the project. The image received is stored in 

the instantiated memory. An IP core for a 

dual port ram from Xylinx is used as 

memory. The pixel data will be the read by 

sobel edge detection core for processing and 

the processed image will be stored back. 

Once the processed image is ready the VGA 

controller designed can read the pixel data 

and display it on the VGA monitor. Image 

displayed will be of QQVGA ie. The 

resolution will be of 120 *160. This low 

resolution is kept for less. 
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5.RESULTS  : 

 

 

figure1:input image

 

 

 

 

figure3 : Output image
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figure2:Project setup

 

 

 

 

figure4:Mimas V2 Spartan 6 kit
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:Project setup 

 

 

 

 

 

 

:Mimas V2 Spartan 6 kit 
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Comparison of timing analysis: 

table 1:comparison of timing analysis in 

software 

 

table 2:comparison of timing analysis in 

different image formats 

VII. APPLICATIONS 

• Different pixels intensities for 

sudden change in intensity value is 

manipulated using convolution 

operationand edges are worked out. 

• Edge detection can acts as a tool 

machine region region feature 

detection , feature expaction in 

machine regionfeature detection , 

feature expaction used in biomedical 

application. Ex :- Tumour detection , 

tonsilitistdetection. 

• Edge detection can used for object 

detection for security purpose at 

airports, but stands and other 

governmentand non government 

organizational entrance. 

• This algorithm can be used in 

various image processing 

applications such as in medical 

imaging, video surveillance. It can 

also be used in lane departure 

warning system to detect edges of 

lanes.  

• In real time image processing 

applications, it is required to process 

large data of pixels in a given timing 

constraints.  

6.CONCLUSION 
This paper presents implementation of Sobel 

edge detection algorithm using VHDL language 

and its realization on MIMAS V2 SPARTAN 

XC6SLX9 CSG324 FPGA .The minimum time 

period required for the implementation is 7.716 

ns. The maximum frequency required is 129.60 

MHz . 

In this project edge detection using Sobel 

Operator is reviewed and focus has been made 

on detecting the edges of the digital images. The 

processor was coded using Verilog. Since Sobel 

edge detection operator is insensitive to noise, 

this methodology reduces the complexity of the 

look and conjointly the processing time.Our 

design can locate the edges of the given gray 

image quickly and efficiently.  

This project presented is based on sobel edge 

detection. Sobel edge detection algorithm is 

picked up because it has less deterioration at high 

levels of noise. Algorithm for sobel edge 

detection is coded using verilog HDL. The 

output file is equally converted and viewed in 

MATLAB. 
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