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Abstract— nowadays, the Field Programmable Gate Arrays 

(FPGAs) technology known as a modern technology to achieve 

real-time implementation on a very fast programmable silicon 

chip. Digital transformation considered as a popular technique, 

and there are a varieties of transformation used, includes Hough 

Transform HT, Fourier Transform, and others, these 

transformation can be used to detect lines, circles and shapes. In 

this paper, a Hough Transform algorithm (module) has been 

programmed for detecting a shape (Lines) on an image/video 

captured from video a smart camera in real-time 

implementation. This algorithm has implemented on a Spatan-3E 

FPGA chip. The module is based on 24-bit RGB 640x480 and 8-

bit grayscale intensity 160x120 and the processing stage for 

Hough Transform (HT), performed on the result of binary 

image/video by using a Video sensor board, S3E1200-Board, 

Video DAC board, Control panel with encoder and USB JTAG-

programmer. The module has been designed, implemented, 

tested in Matlab/Simulink and Xilinx ISE programs environment 

for real-time video and the average pixel rate required is at least 

640*480 pixels * 30-frames/sec = 9.2Mpixles/sec at a maximum 

frequency of 96MHz.  

 

Keywords— (FPGAs; Hough Transform; Line Detection; 

Spartan 3E; Xilinx) 

 

I. INTRODUCTION  

 

One of the recurring problems appears in computer video 
processing is the detection of straight lines in real time 

recording. With basic image transformations (e.g. Fourier or 

Hough transform) that can be image contents, such as lines, 

circles or bodies within an image as calculated parameters. 

Theoretically, there are various types of image transformations 

approaches with comparing their functions and features. Also, 

to determine what are the properties and application areas of 

the different transformations. With PC technology, these 

transformations introduced to investigate and explore their use 

within embedded systems for vectorization and object 

recognition. The use of this algorithm is to test the potential 

for effective programming of FPGAs and to evaluate. Selected 

image transformations to be implemented within FPGA chip 

and test it by using Matlab/Simulink environment to simulate 

the transform operation, is one of the recurring problem that 

fazed the developers these days. 

In the simplest case using Hough Transform method, the 

picture contains a number of discrete, black figure points. It is 

clear that the problem can be solved to any desired degree of 
accuracy by testing the lines formed by all pairs of points. 

However, the computation required for n points is 

approximately proportional to n2, and may be prohibitive for 

large n.  

 

This method involves transforming each of the figure points 

into a straight line in a parameter space. The parameter space 

is defined by the parametric representation used to describe 

lines in the picture plane. Hough chose to use the familiar 

slope-intercept parameters, and thus his parameter space was 

the two-dimensional slope-intercept plane. Unfortunately, both 
the slope and the intercept are unbounded, which complicates 

the application of the technique. 

In this paper, we suggest an alternative parameterization that 

eliminates this problem. [1]  

 

The Hough algorithm, will illustrate the way how to detect 

lines or ellipse shapes from the image/video by voting points 

which are the pixel locations gathering from an edge detector. 

With FPGAs technology, the Matlab program will introduce 

the best solution for generating IP-cores for any Integrated 

Circuit IC. And use these IP-cores to build an IC inside Xilinx 

ISE (Integrated Software Environment) program and 
implement this IC into the development kit through JTAG 

connection.  
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II. THE TECHNOLOGY OF FPGAS 

A. FPGA Structure 

Field Programmable Gate Arrays (FPGAs) are digital 

integrated circuits (ICs) that carry lots of configurable logic 

blocks (CLBs) inside a silicon chip, that connected together by 

configurable interconnects, and you can configure these chips 

to implement the requirement hardware that you wish to 

establish. The Application Specific Integrated Circuit (ASIC) 

chip can achieve a single specific function of the length of its 

life, the FPGA can be reprogrammed to perform a  different 

function within microseconds of time difference. So FPGA 

can be configured to run different algorithms, rather than 
processing a stream of instructions as is done in a typical 

microprocessor. Otherwise, any FPGA chips consist of two 

main things; the programmable logic components called “logic  

blocks” and a hierarchy of reconfigurable interconnects which 

intersect between the logic blocks that are acting as 

programmable switches or that allow the blocks to be “wired 

together”. Hence FPGA provides its user a way to configure 

the intersection between the logic blocks and the function of 

each logic block. The figure (1) will illustrate the main 

concept of the FPGA construction[2]. 

B. Why  FPGAs? 

There are many advantages of using  FPGA some of them are 

listed below[3] :  

1. Small size, low power consumption ;  

2. Very fast for computationally intensive applications 

through parallel computing; 

3. Flexible due to any often programmable logic blocks; 
4. Many usable and definable inputs-outputs (more than 

1100); 

5. Few or no redesign of the PCB needed; 

6. Rapid development of designs with comfortable 

software tools to shorten “time-to-market”; 

7. Integration of many additional components in the 

FPGA, (e.g. CPU, I/O control, RAM management, 

Filtering, …) 

8.  Integration of soft-IP-cores as expertise in the 

application. 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1 Generic FPGA architecture, [2] 

 

C.  Different technological approach 

 

 “One-Time Programmable (OTP) can be 

programmed once and must be replaced with a new 

circuit by mean of Fuse/Anti-technology when a 

design change. However, they keep their information 

even after switching off the supply voltage. 

 There are new developments for Flash-based FPGAs; 

which keep their information as well as CPLDs. They 
are more complex and equipped with a large number 

of logical gates. However, they have still definitely 

lower gate density than SRAM-based FPGAs.  

 SRAM-based FPGAs have the information for the 

logic modules and their connections in the static 

RAM. The memory cells of the logic modules are 

thus LUTs (Look-up Tables).  

III. HOUGH TRANSFORM 

A. Intoduction 

The main idea of Hough Transform “The Hough transform is 

a feature extraction technique used in image analysis, 

computer vision, and digital image processing. The purpose of 

the technique is to find imperfect instances of objects within a 

certain class of shapes by a voting procedure. This voting 
procedure is carried out in a parameter space, from which 

object candidates are obtained as local maxima in a so-called 

accumulator space that is explicitly constructed by the 

algorithm for computing the Hough transform. The classical 

Hough transform was concerned with the identification of 

lines in the image, but later the Hough transform has been 

extended to identifying positions of arbitrary shapes, most 

commonly circles or ellipses.” [4] 

 “Hough used the slope-intercept parametric representation of 

a line which led to the practical difficulty of an unbounded 

parameter space. Duda and Hart [1] suggested that straight 
lines might be more usefully parameterized by the length, p, 

and the orientation, θ, of the normal vector to the line from the 

image origin. However, parametric transformation was alive 

and well long before the birth of the Hough Transform. It was 

Deans [Deans 1981] who pointed out that the Hough 

transform is simply a case of the Radon transform. Radon’s 

classic paper [Radon 1917] in which the concept was first 

introduced had far-reaching influences in many branches of 

science.”[5]. 

 

 
 

B.  Theory of Hough Transform 

The Hough transform is known as a technique that used to 

detect straight lines in digitized image. The mea id of how to 

find lines in an image is to use t familiar slope-intercept 

parameters (m, b) by the equation y = mx + b which is 
describe lines in the image space as shown  figure (2),  and 
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from thus parameters will constitute he two-dimensional 

slope-intercept parameter space shown in figure (3). But 

unfortunately, the slope-intercept parameters which based on 

that equation are unbounded and will constitute a problem in 

the parameter space. Otherwise, as discussed in Lambert [6] 

“the vertical lines give rise to unbounded values of the 
parameters m and b. For computational reasons, it’s therefore 

better to parameters the lines in the Hough transform by two 

other parameters which are r and θ (theta). Then the parameter 

(r) represents the distance between the line and the origin, 

while (θ) is the angle of the vector from the origin to the 

closest point as shown in figure (4). And by using this 

parameterization of the equation (1)   and the line can be 

written as:  

        

                           ρ = x cos θ + y sin θ                            (1)                                                               
 

 
 

 

 
 

         

 

 

 

 

 

 

 

 
Fig. 2 describing of Slope-Intercept equation.[1] 

 

 

 

 

 
 

 

 

 

 

 
 

Fig. 3 Slope-Intercept Parameterization[1] 

 
 

 

 

 

 

 

 

 
 

 

 

 
Fig. 4 The Normal Parameter for a Line, [1] 

IV. HOUGH TRANSFORM DESIGN AND IMPLEMENTATION. 

In this paper, the design and implementation of Hough 
Transform algorithm has been performed on FPGA chip. The 

project "Module" has designed on MatLab program, and 

builds the main blocks using Xilinx tools, then compiles the 

module to ISE program which is create an IP-core to form the 

final module. 

A. Design Flow  

  The project is designated into three main stages that form the 

whole structure of the project. The stages includes; Pre-

processing stage, Processing stage and Display the processing 

image, as shown in figure (4).  

B. Project Design  

The Hough Transform is a future extraction technique, using 
to detect lines, ellipse and circles. As discussed previously, it 

is possible to detect any of these shapes by using and 

implement the HT algorithm. This algorithm can be built by 

Matlab program using Xilinx Block-set tools, and during build 

this algorithm there is a possibility to test and inspect the 

errors for every step on Matlab program. Once we finish built 

the HT algorithm using Xilinx tools, we have to generate the 

designed program and during the generation the Matlab 

program will performing the compilation and generation stage 

to build a NGC Netlest file for desired design to be able for 

use inside Xilinx ISE program environment. The Modular 
Graphical Program will illustrate the steps of IP-core building 

as shown in figure (5). 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

    
  Fig. 5 Modular Graphical Program. 
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Fig. 6 Design Flow 

 
 

C. Hough transform design 

The practical design is limited to pre-processing stage which is 

distributed to filtering, sub sampling, binary image and edge 

detection. And the processing stage is called Hough 

calculation stage and displaying the original image with 

drawing the detected lines on the original image. 

D. Pre-processing Stage 

The Frame Program is ready manufactured as in [7], it's used 

to prepare the signals that come from camera sensor to process 

the signal and to be able for pre-processing and processing 

stages purposes and for display the processed signals to the 

screen. In this stage, the main concept of pre-processing is to 

minimize or reducing the size of the original image/video by 

involving a filter operation, reduction of the image/video by 

subsampling and finally the size of the image will be able for 

computations as shown in figure (5). 

Regarding to the reduction purposes first of all, it’s necessary 
to reduce the size of the original image/video by using a 

converter device as a first stage. The conversion will convert 

the RGB signal/values to YUV, where Y is for brightness 

values, while U and V for differences of color. So, when we 

going to use only the Y value, the conversion of this value will 

convert the RGB/24bit per pixel to 8 bit per pixel for Y value. 

But 8 bit per pixel still have a problem for memory size to 

perform the HT calculation. So, we can reduce the size to 1 bit 

per pixel by binary operation (it will discuss later), which is 

mean that the image/video will be shown on Black and Wight 

view, therefore in this case this result of reduction is just 

useful for edge detection stage. Otherwise, the Y signals 
necessary to use for edge detection stage [7]. 

According to line detection, we say that the reduction of the 

image/video is necessary for calculate each point (pixel) that 

located on the detected lines, by using Hough transform 

technique. This calculation will take place completely its 

operation inside a separate block RAM room. 

 

 

 

 

 
 

 
 

 
Fig. 7  Pre-processing Stage 

 

 

 

 

 

 

 
 

 

 
 

Fig. 8 per-processing flow design 

 

1) Filtering 
The filtering operation is the most important stage for the pre-

processing stage, which is involved to minimize the amount of 

data from the original image/video data (pixels). Therefore, 

the type of the filter that we have chosen is the Low Pass Filter 

and Laplace Filter. So we will implement two types of filters 

as shown in figure 7. [8] 

 

2) Low-Pass Filter 
Low-Pass Filter is the technique using for minimize the noise 

in the digital image or for smoothing the image, so as we 
discussed above in the literature review that the most 

important for filtering an image is to understand the 

convolution technique, which is give us the concept and the 

way that expect the result of  filtered image. Otherwise, the 

low-pass filter decreases high frequencies and retains low 

frequencies without changes. 

 

3) Sub-sampling 
In this sub-stage the aim of this step to make the image in 

lower size of the image contents, which the technique is using 

to minimize the amount of pixels without losing the contents 

of the main shape in the whole image. So by using this 
technique, we will receive an image with less size of the pixels 

amount in the first order as shown in figure (6). 

 

4) Laplace Filter  
As discussed in [9], "The Laplacian of an image highlights 

regions of rapid intensity change and is therefore often used 

for edge detection” so the laplacian filter is often applied to an 

image that has been smoothed in order to reduce the intensity 

of noise. So the result of applying this operator will make the 

image with less width edges. So this feature will make the 

detection of lines appears with less amount of pixels lying in 

one straight line. Therefore, the computational operation for 
each voting pixel, will applied on fewer amounts of pixels 

which will be more flexible for computational calculation", 

this feature is applied at the second order filtering as shown in 

figure (8) .[10]  

E. The processing stage  

Actually, in the processing stage we are going to restrict the 
stage to three steps, which are the Hough calculation; saving 

the Hough calculation values inside BRAM; finding the local 

maxima for most intersection of lines; finally, drawing 

detected lines on the original picture. 
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1) Hough calculation 
The Hough calculation will perform the following equation 

(1). By finding a number of values of ρ with defined quantized 

number of θ (00 - 1080 ), we are able to build an accumulator 

room, which is representing the curves in the parameter space 

as shown in figure (9). Through These values can find the 
most number of intersections of curves. These intersections 

represent the lines in the picture space (the collinear points 

that fall in a line). 

 

2) Save Hough values and find local maxima 
All of the values in the parameter space need a place to keep 

them for finding local maxima of the specific threshold 

number. This place will be BRAM the most useful thing to 

build and save all changeable values as accumulator array.  

  For finding local maxima of most intersections by specified 

threshold, it’s necessary to find them by accumulator array 

that is more effective method to find the most intersections of 

curves, which represent the most collinear points in the image 
or picture space. [11] 

 

3) Drawing lines 
   Once we find the values of maxima, the last step is to 

drawing lines. As we explained that all the intersections 

(maxima) are represent lines (collinear points) in the image 

space. Hence, we have to calculate the relation between the 

coordinates and angular system for (m, n) values where the 

linear equations, the slope-intercept equation (2): 

 

                                   y =   m * x + n                             (2) 

 
Once we found the (m, n) values, we are ready to drawing the 

lines by implement the linear equation using Xilinx tools 

inside Matlab program environment. 

F. Hough Transform tests 

The results of the implementation for complete project was not 

as perfectly expected, but the following captured pictured will 

illustrate where is the critical points should be take into 
account. The following captured picture figure 10 (a) and (b) 

show that the lines drawing at the all of collinear pointes. But 

here the disadvantage is there are many drawing lines fall in 

one edge. 

 

 
Fig. 9 Point-to-curve 

 

 

 

 

 

 

 

 
 

     

                       (a)                                              (b) 

 
Fig. 10 (a) and (b) Lines fall on one edge 

G. Final Matlab Design 

Once the Matlab module have been designed and tested, we 

have to generate the NGC file by using System Generator to 

compile the IP-Core to be used by Xilinx ISE program. The 

figure (11) will illustrates the whole structure for the program 

designed by Matlab program that will be implemented in the 

development kit after generate the bit file. The figure (12) 
shows the final project generated by Xilinx ISE program. 

  

The table (1) will illustrate the number of logical elements are 

used and the number of logical elements are available inside 

FPGA chip.   

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 11 Final Matlab Design  
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Table (1) Device Utelization Summary 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

V. CONCLOSION 

With Hough Transform technique we will be more familiar 

with the feature extraction of captured image from video 

camera, implemented within FPGAs development board which 

is faster than PC processing environment.  
The transformation methods can be implemented in several 

ways. And the most usable transformation type for detecting 

lines, ellipse and circles is the Hough transform. As we 

discussed, Hough used standard slope-intercept (m, n) 

parameterization, but this parameterization have disadvantages 

for unbounded values of the vertical lines, when the point-to-

line transform will take place. So in this work we decided to 

use the angle-distance (θ, ρ) parameterization which more 

effective for computational matters and for fastest calculations 

in the FPGAs technology environment.  

One of the complicated matters is the RAM space with time 

period of the calculation for the programmed equations, but the 
whole body of the programmed algorithm can be sized and 

implemented in the FPGA chip without problems. So it’s 

necessary to know what size of the block RAM in the FPGA to 

be bigger than certain programmed algorithm. 
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