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Abstract - Hough transform is used for detecting straight lines, 

circles in an image. To reduce the huge computations in Hough 

transform, I want to generate a resource efficient architecture 

and implement the Hough transform on an FPGA. Resource 

efficient and reduction in processing time are achieved with data 

parallelism. In parallelism, the images are divided into blocks 

and increment property is applied within a block and between 

the blocks. The implementation of Hough transform on an FPGA 

by exploiting both angle level and pixel level parallelism. I use 

two accumulators to facilitate the inter block increment and zero 

blocks are skipped by a run length coding scheme. The intra 

block increment is used to reduce the number of resources 

required. The matrix based lossless compression reduces the 

compression ratio. This architecture is implemented using altera 

device at operating frequency of 200MHz.  

Keywords – Hough transform, FPGA, parallelism, resource. 

I. INTRODUCTION 

The Hough transform [1] is a  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. 

The simplest case of Hough transform is the linear 

transform for detecting straight lines. In the image space, the 

straight line can be described as y = mx + b and can be 

graphically plotted for each pair of image points (x, y). In the 

Hough transform, a main idea is to consider the characteristics 

of the straight line not as image points (x1, y1), (x2, y2), etc., 

but instead, in terms of its parameters, i.e., the slope parameter 

m and the intercept parameter b. Based on that fact, the 

straight line y = mx + b can be represented as a point (b, m) in 

the parameter space. However, one faces the problem that 

vertical lines give rise to unbounded values of the parameters 

m and b. For computational reasons, it is therefore better to 

use a different pair of parameters, denoted ρ and θ (theta), for 

the lines in the Hough transform. These are the polar 

coordinates. Using this parameterization, the equation of the 

line can be written as, 

                             x cosθ + y sinθ   = ρ                        (1) 

The parametric equation of the circle can be written as 

                             (x-a) ² + (x-b) ² = r²                          (2) 

 

Fig. 1 Straight line passing through the axis 

For embedded applications it requires hardware 

accelerators to achieve real time Hough transform. Compared 

with application specific integrated circuits (ASICs), field-

programmable gate arrays (FPGAs) usually target smaller 

markets and require much less development time. In FPGA, 

high throughput is often achieved by exploiting the 

parallelism of the design rather than by operating the chip at a 

very high clock frequency. In addition, a better architecture 

should have more efficient utilization of the function blocks in 

the FPGA. Here the implementation of Hough transform on an 

FPGA by exploiting both angle-level and pixel-level 

parallelism. The goal is to achieve the highest throughput with 

the minimum hardware resource. 

 

II. RELATED WORKS 

 

Because the general Hough transform is very 

computationally intensive, other line-detection schemes have 

been proposed, such as gradient-based Hough transform and 

kernel-based transform [2]. These schemes require fewer 

computations than Hough transform, but they still require a 

high-end CPU, which is often unavailable in practical 

applications, or special hardware devices to achieve real-time 

performance. The gradient-based Hough transform has been 

implemented in special hardware [3], but kernel-based Hough 

transform, which adopts a link list data structure, is difficult to 

implement efficiently in hardware. There has been some 

research to implement the Hough transform on special 

hardware, such as graphic processors [5], scan line array 
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processors [4], and pyramid multiprocessors [5]. However, 

these devices are unsuitable for low-cost embedded systems. 

This paper focuses on the implementation of the general 

Hough transform using FPGA. 

One straightforward method to implement Hough 

transform is using multipliers [6]. However, multipliers are 

less available on low-end FPGAs. Hence, some researchers 

implement Hough transform using a coordinate rotation 

digital computer (CORDIC) [7] or a simplified CORDIC 

algorithm such as the multisector algorithm. CORDIC is an 

arithmetic technique developed by Volder [8] to solve 

trigonometric problems by rotating a vector in small angles 

until the desired angle is achieved. The CORDIC algorithms 

for FPGA are surveyed in [9]. CORDIC could implement the 

Hough transform using only shifters and adders rather than 

multipliers. The major disadvantage is that it requires multiple 

iterations to obtain one in the parameter space. Hence, 

pipelined CORDIC implementations are proposed to improve 

the throughput; however, the required resources are also 

increased. Another drawback of CORDIC is that the result 

produced is not the correct value but the correct value with a 

constant gain. The gain can be eliminated by applying an 

inverse gain to the initialization vector. However, this also 

requires additional resources. In [10], an FPGA platform is 

proposed to implement Hough transform by using hybrid-log 

arithmetic. In [11], distributed arithmetic (DA) architecture is 

proposed to implement Hough transform with shift–add 

operations. Unfortunately, it also requires multiple iterations 

to obtain one in the parameter space. 

 An accumulator-based architecture is proposed in 

[12]. An angle-level parallelism is applied in this architecture. 

It could obtain a point in the parameter space by a single 

accumulation. However, all of the pixels in the binary feature 

image need to go through the computation pixel by pixel, 

which limits its throughput. Additive Hough transforms 

utilizes the properties of Hough transform. Although the 

pixel-level parallelism is facilitated in this architecture, the 

memory requirement is also increased in proportion to the 

parallelism. Another drawback is that it requires additional 

cycles to get the entire parameter space. 

Incremental Hough transforms are modified Hough 

transforms for the hardware implementation. It reuses 

previously computed values to derive another point in the 

parameter space. Hough transform is not only computation-

demanding but also memory-demanding. In [13], a line-based 

implementation is proposed to reduce the bandwidth 

requirement on SIMD architecture. Here authors propose a 

memory-efficient implementation of Hough transform by 

using circular buffers of DSP processors. The memory 

requirement is reduced by storing the coordinates of a binary 

feature image rather than entire binary feature image.  

In [14], a modified cache-friendly Hough transform 

is proposed to reduce the memory requirement and parallelism 

overhead on multiprocessors. In this paper we utilize the 

incrementing property of Hough transform to achieve an 

efficient architecture for implementing Hough transform. The 

proposed architecture facilitates both pixel-level and angle-

level parallelisms. Unlike [12], the memory requirement is not 

increased in proportion to the parallelism. We propose using 

run-length encoding to skip unnecessary computations and 

memory accesses. Run-length encoding is widely used for 

data compression. 

III. MATRIX BASED LOSSLESS 

COMPRESSION 

The algorithm is based on only two matrices named 

as Binary matrices and Gray scale matrices. Hence it is simple 

to compress and decompress the data than the other methods. 

The main steps of the proposed algorithm are as follows: 

Step 1: Read the original data matrix [OR] 

Step 2: Construct the Binary Matrix [BM] and Grayscale 

Matrix [GSM] based on the following steps 

Step 3: Compare each pixel in the matrix [OR] with the 

previous pixel in the same matrix. 

Step 4: The binary matrix elements are calculated as follows: 

                        (3) 

Step 5: First element in [GSM] is set to be equal to the value 

of the first pixel of [OR] 

Step 6: The rest of the elements of [GSM] are calculated as 

follows: 

                    (4) 

 

Fig. 2 Original image pixel comparison 

Step 7: The original data can be reconstructed as follows: 

                               (5) 

 The criteria used for the comparison is the 

compression ratio achived which is defined as follows: 

 

 
 

IV.  PROPOSED HOUGH TRANSFORM               

ARCHITECTURE USING FPGA 

 

Matrix based lossless compression method has little effect 

on the complexity of the overall circuits and can reduce the 

data bandwidth, in the system that implemented for our 
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specific application.  A block diagram of proposed 

architecture is shown in Fig.2. 

The functional blocks in the PE are 

 Inter Block Incrementing 

 Intra Block Incrementing 

 Vote consolidation 

 Vote alignment 

 

 

Fig. 3 Proposed architecture of Hough transform using FPGA 

 

A. Inter Block Incrementing 

Two accumulators can be used to implement the 

inter-block incrementing. In order to skip zero blocks, a step 

table is introduced in the proposed architecture. In Fig. 3 two 

PEs used for calculating the votes for θ and sinθ can share the 

same step table. In the implementation, the maximum number 

of successive zero blocks is set to 15 to limit the size of the 

step table. Hence, there are only 16 entries in each step table. 

The result is represented in a fixed-point format, i+f, where i 

is the integer part and f is the fractional part. 

B. Intra Block Incrementing 

The computed ρ values can be used to calculate all 

the other values of the pixels in the block used to find the cosθ 

and sinθ values. This will result in seven more ρ values. For 

the whole block, the eight votes in the memory addressed by 

the eight ρ values will need to be accumulated. The computed 

ρ is divided into the integer part i and the fractional part f. To 

result in an efficient circuit, only the fractional part f is used 

for calculating the vote-offsets relative to for the pixels in the 

block. The first stage calculates the vote-offsets for the i’th 

pixel in the block. The vote-offsets range from 0 to 4, and are 

represented by 3-b numbers. These numbers are decoded by 

3:8 decoders. Each decoder output contains eight lines 

indicating the vote offset value for each pixel. These lines will 

be used with combination logic to produce consolidated votes. 

 

Fig. 4 Inter block incrementing 

 

 Fig. 5 Intra block incrementing 

C. Vote Consolidation 

        The outputs of the decoders are combined with the 

values of the corresponding pixels (1 for feature pixels and 0 

for non-feature pixels) using a combination logic circuit to 

determine the value of v, which represents the consolidated 

number of votes for each different vote offset. Instead of 

accessing the memory multiple times to accumulate the votes, 

we only need to access the memory once and each time we 

accumulate the memory contents in parallel. This is not 

possible without the vote consolidation, since the generated 

votes from the pixels may refer to the same memory location. 

Vote consolidation process shown in Fig. 5. This process 

produces the output which represents the number of votes 

with the value of ρ. 
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Fig. 6 Vote consolidation 

D. Vote Alignment 

 

Fig. 7 Vote alignment 

To update the contents of the memory locations i to 

i+4, instead of accessing the memory five times sequentially, 

we update the five memory contents in one clock cycle. This 

is possible since the five memory contents which need 

updating are stored in continuous memory locations with 

addresses from i to i+4 with our vote consolidation scheme. 

Here two 4K RAM blocks in the FPGA to implement the vote 

memory, because the accumulation requires one read and one 

write memory operation. The consolidated votes must be 

aligned based on the base address before they are accumulated 

to the Vote Memory. The votes are grouped in two groups, 

each group containing four votes. The lower four votes are 

stored in one 4K RAM and the upper four votes are stored in 

the other 4K RAM. In the circuit implementation, the upper 

bits of i are used to address the memory and the lower bits of i 

are used to align the votes. 

 

V. RESULTS AND COMPARISON 

 

TABLE I 
 

SYNTHESIS RESULT OF PROPOSED 
ARCHITECTURE 

 

 
 
 Table I shows requirement of resources comparison of 

existing and the proposed method. It deals the number of inputs, 

adders, sub-tractors and comparators requirement while Hough 

transform was implementing in FPGA.  

 

TABLE II 
 

EXECUTION TIME OF IMAGES 
 

 
 

 Table II shows that the execution time of Hough 

transform for different images and number symbols used in 

the image. 

 

VI. CONCLUSION 

 

The simple approach is proposed in this project is a 

resource efficient architecture for calculating Hough 

Transform. The incrementing property for both inter block 

and intra block incrementing are used to reduce the resource 

requirement. Two accumulators are used to facilitate the inter 

block incrementing, and zero blocks are skipped by 

introducing matrix based lossless compression scheme. The 

intra block incrementing could efficiently reduce the resource 

requirement. Instead of computing the ρ of every pixel in a 

block, vote offset is more efficient to determine the 

corresponding votes. The locality of a block is analyzed and 

the votes corresponding to an identical are consolidated in 

order to reduce the memory access and fully utilize the FPGA 

memory bandwidth. The result shows that the proposed PE 
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could achieve the best throughput with the same amount of 

resources compared to previously reported architectures.  
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