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1. Introduction 
The Line Hough Transform (LHT) [1], [2] is a robust and 

accurate line detection algorithm, useful for lane 

detection in Advanced Driver Assistance Systems. For 

real-time implementation, the LHT is demanding in 

terms of computation and memory, and hence Field 

Programmable Gate Arrays (FPGAs) are often 

deployed. However, due to the large memory 

requirements of the Hough Parameter Space (HPS), 

many small FPGAs and memory constrained designs 

cannot implement the LHT. 

 This work presents a novel algorithm for a memory-

efficient HPS (based on a modified version of [7]) named 

the Angular Regions - Line Hough Transform (AR-LHT). 

The AR-LHT is presented with a suitable FPGA 

implementation. A performance and resource analysis is 

carried out after targeting a Xilinx xc7z010-1 device. 

3. The Angular Regions - Line Hough Transform (AR-LHT) 

2. The Line Hough Transform 

After voting is complete, the parameter locations with 

the most votes correspond to collinear sets of edge 

pixels in the input image, as illustrated below. 

4. FPGA Implementation 

5. Analysis of Results 

6. Conclusion References 

The LHT operates on a binary image, found after 

applying edge detection operators such as Sobel [3]. 

Each edge pixel E(y, x) has an associated magnitude of 

displacement ρ, and angle of orientation θ, from the 

image origin. These are related by (1). 

Figure 1: LHT mapping between edge image (left) and HPS (right) 
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The HPS is an accumulator array A(ρ, θ ) that is 

quantised with Nθ and Nρ levels. Each edge pixel in the 

image is processed using (1) over a discrete range of θ 

values [0 : δθ : θmax]. The resulting parameters generate a 

set of addresses that receive votes in the HPS, forming 

a sinusoid. This is demonstrated below for three edge 

pixels on a line, E0, E1, and E2. 

The edge gradient orientation θG can be used to 

approximate the direction of lines [4]. This reduces the 

number of votes that are applied to the HPS by 

minimising the range of θ. 

 The HPS is fixed in size across the ρ axis using the 

range of displacement for a line [-ρmax , ρmax]. The third 

dimension of the HPS (‘votes’) is set to the length of the 

image diagonal, 2ρmax. The number of bits required to 

store the HPS is given in (2). 

An overview of the AR-LHT is shown in Figure 3. Two 

memories are pre-allocated, one for the HPS to 

accumulate votes, and another known as a Region 

Bitmap (RBM). The HPS is optimised by reducing the 

size of Nθ by an integer factor R (Figure 4). The bits 

required to store this HPS is given by (3). R is limited to 

an integer (1 < R ≤ 4) to prevent spurious lines. 

Figure 2: Collinear edge pixels (left) and corresponding peaks (right) 

Resource Available Used Percentage (%) 

LUTs 17600 911 5.18 

Flip-Flops 35200 1307 3.71 

Slices 4400 411 9.34 

BRAM 60 40 66.67 

DSP48E1 80 0 0.00 

Table 1: xc7z010-1 FPGA resource requirements for the AR-LHT, oper-

ating on an image of 1024x1024 pixels. (R=4, δθ=1°, θmax=179° ) 
The AR-LHT was developed using Xilinx System 

Generator [5] and  synthesised and implemented using 

the Xilinx Vivado Design Suite [6] for various image 

resolutions. The architecture achieved a clock frequency 

of 145MHz on a Xilinx xc7z010-1 device. The resources 

used by the AR-LHT algorithm, for an image of 

1024x1024 pixels, are shown in Table 1. 

Figure 3: Overview of the AR-LHT algorithm 

Votes can only be applied to the optimised HPS if they 

are in the range [0, K — δθ ], where K  is equal to the 

angular length (θmax + δθ)/R. Votes that are not in the 

above range are adjusted using (4). 

The optimised HPS votes (ρ, θA) for each edge pixel, 

while the RBM (a NθxNρx1 array) records (ρ, θG) for all 

votes. The RBM can be used to identify the true orientation of lines after peak detection in the optimised HPS. 

Filtering the RBM using a morphological opening removes noise, minimising the detection of spurious lines. 

A: Edge Image A: Line Image A: AR-LHT Result 

B: Edge Image B: Line Image B: AR-LHT Result 

Simulations of the AR-LHT produced Hough Parameters 

corresponding to lines in test images. These were 

superimposed on the images for inspection (Figure 5). 

 The LHT requires 2,871,000 bits of memory for an 

image of 1024x1024 pixels. The xc7z010-1 device would 

be unsuitable for implementation as it only contains 

2,211,840 bits of dedicated FPGA memory. However, it 

can apply the AR-LHT to the same image resolution due 

to its memory-efficient HPS. The AR-LHT requires 

1,474,560 bits, saving 48.64% of memory. 

 Table 2 provides the memory consumption, in bits, for 

each tested resolution and compares the memory 

requirements of the AR-LHT with other related work. 
Figure 5: AR-LHT simulation results on two images of 1024x1024 pixels. 

Resolution 

(Pixels)  
Algorithm  

Memory Consumption (Bits) Execution Time 

Algorithm AR-LHT % Saved Algorithm AR-LHT 

384x256 Ser & Siu [7] 374,220 313,344 16.26 4.3-7.1s 1.25ms 

512x512  

Zhou at al. [8] 3,317,760 442,368 86.60 1.07ms 2.71ms 

Chen et al. [9] 
1,172,880 (off-chip) + 

223,360 (on-chip)  
442,368 68.32 2.07-3.61ms 2.71ms 

1024x768  
Guan et al. [10] 1,565,202 (δθ=2°) 1,345,536 14.03 5.4ms 7.01ms 

Lu et al. [11] 3,052,544 1,345,536 55.92 15.59ms 7.01ms 

1024x1024 O’Gorman & Clowes [4] 2,871,000 1,474,560 48.64 — 9.03ms 

Table 2: Results of the AR-LHT and comparison with related works.  

Figure 4: Standard HPS (left), optimised HPS (right) 

This work has presented the AR-LHT, a memory efficient 

algorithm for the detection of lines in images. The AR-

LHT was implemented on the xc7z010-1 device, 

resulting in efficient memory consumption in comparison 

to similar work. An image of 1024x1024 pixels was found 

to save 48.64% of memory compared to the LHT. 
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