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 Road Lanes detection systems are expected to improve driver safety on the roads. 
However, lane detection is a difficult problem because of the variation of road 

conditions that can encounter the driver. In this paper, we present a hardware 

implementation of a road lanes detection system. The hardware implementation results 

are compared with software simulations in order to prove that the proposed system is 

robust, in terms of both timing and accuracy. The architecture is implemented on Xilinx 

Virtex5 FPGA device.  
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INTRODUCTION 

 

 In recent years, the development of transportation systems have led to the development of embedded 

applications allowing the improvement of the comfort of the driver and to minimize the risk level of hazardous 

areas. More specifically, researches in intelligent and Advance Driving Assistance Systems have provided a 

great number of devices on many fields related to automatic vehicle guidance and security systems such as 

obstacle detection and tracking, road sign recognition [1], pedestrian detection, road departure warning 

systems....etc. 

  However, one of the most embedded system that was studied is the lane detection system. This application 

is usually based on road marking detection algorithms. But for automated or partially automated driving task, 

the road marking and lane localization are very important and provide critical information. This information 

needs to be really accurate, certain, reliable in order to achieve some maneuvers like lane changes or generate 

safe path planning. Therefore, it can be foreseen that simple controller units as used today cannot supply 

sufficient performance. Thus, new concepts and system architectures have to be finalized.  

 Implementing such applications by software can be easily achieved, but not very time efficient due to 

additional constraints on memory and other peripheral devices. However hardware implementation offers much 

greater speed than a  

 software implementation. There are two types of technologies available for hardware design. Full custom 

hardware design such as Application Specific Integrated Circuits (ASIC) and semi custom hardware devices, 

which are programmable devices like Digital signal processors (DSP) and Field Programmable Gate Arrays 

(FPGA).  

 Microprocessor-based DSP implementation boasts low design costs, but its performance is limited by the 

chip’s processing capabilities per cycle and maximum clock speed, because a single microprocessor can only 

perform one operation at a time. This technology is inadequate for applications requiring high-order filters and 

fast data rates. For higher performances and lower power consumption, DSP engineers have turned to custom 

ASICs. Full custom ASIC design offers the highest performance, but the complexity and the cost associated 

with the design is very high. ASIC design cannot be changed and the design time is also very high. ASIC 

designs are used in high volume commercial applications. In addition, during design fabrication the presence of 

a single error renders the chip useless. DSPs are a class of hardware devices that fall somewhere between an 

ASIC and a PC in terms of the performance and the design complexity.  

 The rapid development of field programmable gate arrays (FPGAs) during the last years, offers new 

opportunities. Complex algorithms can now be implemented into hardware without a high increase in design 

effort and cost. Furthermore, FPGA enables almost unrestricted parallel processing of data and are flexible to 

use due to their re-programmability. 
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 Field programmable gate arrays now possess sufficient performance and logic capacity to implement a 

number of digital signal processing (DSP) algorithms effectively. This is accomplished by exploiting parallelism 

as well as pipelining techniques which is not possible in dedicated DSP designs. Implementing image 

processing algorithms on reconfigurable hardware minimizes the time-to-market cost, enables rapid prototyping 

of complex algorithms and simplifies debugging and verification. Hence, FPGAs represent a good solution for 

implementation of real time road lanes detection algorithms.  

 Given the importance of road lanes detection in the modern driver’s assistance system and the significance 

of their implementations on hardware to achieve better performance, this work addresses implementation on 

FPGA of road lanes detection system.  

 The paper is organized as follows. Section 2 presents an overview of the most relevant techniques 

developed in the field of road lanes detection. A description of Design methodology for implementation on 

FPGA with Xilinx System Generator is presented in Section 3. Section 4 presents the hardware architecture and 

implementation for the different blocks of the proposed road lanes detection system. In Section 5, a discussion 

on the obtained results and performance of our approach is presented. Finally, in Section 6, we conclude our 

work. 

 

1. Prior Work: 

 A lane-detection system is an important component of many intelligent transportation systems. In intelligent 

transportation systems, intelligent vehicles cooperate with smart infrastructure to achieve a safer environment 

and better traffic conditions. Typically, lane detection is used for localizing lane boundaries in the given road 

images, and can help to estimate the geometry of the road ahead, as well as the lateral position of the vehicle on 

the road. Lane detection also can be used to infer the position and orientation of the vehicle within a lane and 

can provide a reference system for locating other vehicles or obstacles. Therefore, currently many different 

vision-based road detection algorithms have been developed to avoid vehicle crash on the road. In general, a 

procedure for lane detection includes three-step summarized as follows. First step, images are pre-processed in 

order to extract road marking features. Second step, extracted primitives are analyzed in order to extract point 

corresponding to a road marking. And finally in a third step, is the lane boundary detection and recognition.  

Several approaches to road line detection, which feature varying complexity and performance, have been 

proposed so far. For example, in [2], He et al. proposed a color-based vision system to detect lanes in urban 

traffic scenes. Rodolfo et al. [3] used the color feature to detect lane lines which  is robust to varying shadows 

and occlusion. Majority of existing approaches to lane detection use edges as line representative features [4,5]. 

 The most common approach to road line detection in edge images is to apply Hough transform [6]. Hough 

transform method is used for lane departure detection system to ensure the road safety in real-time scenario.  

Even if Hough transformation, traditionally used to detect straight lines can be extended to curves [7]. Edge 

images are used as an input for quadratic approximations in [8]. In [9], a layered approach is presented for 

robust lane detection at night which relies on temporal frame averaging, edge detection and Hough transform. 

The algorithm is very fast, robust, and can be used in real time applications. A new detection method [10], 

which utilizes a prediction method for road line to reduce the size of region of interest (ROI), is proposed for 

real-time embedded systems. On the other hand there are many research effort moves towards adjusting high 

order models to the lane shape. In [11], a deformable template model of lane structure is used to locate lane 

boundaries by using intensity gradient information.  

 

2. Design and implementation methodology: 

 As an alternative to conventional VHDL design for FPGAs, the vendor Xilinx has created the System 

Generator for Digital Signal Processing (DSP) development tool that allows for creation of FPGA designs in the 

Mathwork’s Simulink environment [12]. The main advantage of using the System Generator is to decrease 

significantly the development time of FPGA based signal-processing algorithms. In fact, with its close 

integration with MATLAB, much of the verification of the system can be done more quickly than if it is written 

in VHDL.   

 After the efficiency verification of the system in Simulink, it is then converted into VHDL using the System 

Generator tool. The VHDL code automatically created is chip-specific when configuring the settings of the 

System Generator block. This means that the code generated will work only on the specific Xilinx chip; 

however, it is highly optimized for that chip. The targeted chip can be changed and the code regenerated at any 

time, which helps to avoid obsolescence issues.  

 System level design is a process with multiple stages where the system specification is gradually refined 

from an abstract idea down to an actual implementation. Figure.1 shows a typical system level design flow. 

 

http://www.ncbi.nlm.nih.gov/pubmed/?term=Tapia-Espinoza%20R%5Bauth%5D
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Fig. 1: Design methodology with Xilinx System Generator. 

 

 The system design process starts with the specification description using  the Simulink block sets. Then, 

System Generator defines the design hardware devices using the specific DSP Xilinx blockset. After that, Xilinx 

Core Generator generates an optimized netlitst for the DSP blocks. The programming file, the bitstream, is 

automatically generated  by System Generator. This latter can also create a testbench based on the vectors used 

in the Simulink specification and which can be run on Modelsim or Xilinx ISE Simulator.    

 Synthesis and implementation of the system on FPGA have been done using the Xilinx Platform Studio for 

embedded systems (XPS) integrated within the Embedded Development Kit (EDK). 

 

3. Proposed system Architecture: 

 The developed algorithm is divided into two basic phases: the pre-processing process and then the lane 

detection process. The goal of pre-processing is to remove image noise and make the images sharper. The 

purpose of lane detection is to detect the desired lane of the vehicle in order to obtain the look-ahead distance 

and the lane angle. 

 The four processing steps of the proposed system  are space color conversion,  image filtering, edge 

detection and Hough Transform as shown in Figure.2. 

 

 
 

Fig. 2: Proposed system. 

 

A. Color converter: 

 To retain the color information as well as to segment the road lane boundaries using the color information, 

edge detection becomes difficult and consequently effects the processing time. Therefore, to minimize the 

processing time color image were converted into grayscale level according to the color of each pixel that 

contains red (R), green (G), and blue (B). The RGB image will be converted to a grayscale image according to 

the following equation (1) :  

 

Y = 0.3 * R + 0.59 * G + 0.11 * B           (1) 
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 The conversion module has been implemented using constant gain blocks followed by adders. 

 
 

Fig. 3: Block diagram of color converter using XSG. 

 

 The constant multiplication values are defined as floating point values and are converted to fixed point 

according to mask parameters in the gain model. The scaled results are then summed with an explicit adder tree. 

 

B. Image filtering: 

       It is more difficult to detect the lane markings in the night and tunnel road surface, as the illumination 

condition is changing largely in night and tunnel region. These changes would cause loss of  feature 

information, false color tone, and shape distortion of objects, thus the lane marking filter used is required to deal 

with this such conditions. Median filter is very useful since it fits each pixel with the pixels around it in purpose 

to minimize the difference in brightness between adjacent pixels. 

 

 
 

Fig. 4: Block diagram of the median filter module. 

 

 The proposed hardware structure of the median filter ( Figure.4) is  composed of a sorting grid, where a grid 

of dual input sorters each swap their inputs to propagate the higher valued samples upwards and the lower 

valued samples downwards (or vice versa). The median is simply the middle sample of the grid output.  

 Each one of the switch/compare blocks operates as follows: firstly, it takes two eight-bit word-length input 

data, then both data are compared and finally two multiplexed outputs are enabled by directing the maximum-

value datum at the upper path MAX(A,B) and the minimum at the lower path MIN(A,B).  

 

C. Edge detection: 

 The purpose of edge detection process is to find all present edges in the road image in which potential road 

line may be included. So a reliable and accurate edge detector should be selected firstly. The experimental 

results show that the satisfactory results can be provided under noise using canny operator which is adaptive for 

the system of lane detection. 
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Fig. 5: Block diagram of edge detection. 

 

 The edge detector architecture, Figure.5, consist of two pixel row delay lines, two 3×3 kernels, and a 

simplified magnitude detector. The delay lines store the two rows of pixels preceding the current row of images 

data, providing three streams of vertically aligned pixels that are connected to the two 3×3 filters. Once the 

horizontal and vertical intensity gradients are calculated for the neighborhood around a given pixel, the 

probability that the pixel is near the boundary of a feature can be calculated. To label a pixel as a likely edge of 

a feature in the image, the magnitude of the gradients is approximated and the resulting nonnegative value is 

scaled and compared to a given threshold. 

 

D. Hough transform: 

 The first step is the conversion from cartesian space into polar space as shown in Figure.6. For each pixel of 

the binary image having a value equal to 1, it retains its position (x, y) and then calculated its angle and its 

radius by the following formula: 

Rayon = x cos (θ) + y sin (θ) 

θ = tan
-1

(x/y) 

 We implement the Hough transform using the Cordic Algorithm which allows trigonometric angles to be 

calculated primarily by shifting and adding. This method is very effective because it avoids the multiplication 

term, so we do not require an additional multiplier. 

 

 
 

Fig. 6: Detailed hardware architecture of Hough transform. 

 

 To achieve computational efficiency, the parameter space of "Hough transform" is quantized or subdivised 

into NƟ et Nr accumulator cells, where NƟ is the number of Ɵ quantisation levels and Nr is the number of r 

quantisation levels. Initially, the accumulator cells are set to zeros and the accumulator cells incremented every 

each hough transform calculation. 

 

4. Experimental results: 

 The FPGA implementation of our proposed algorithm, performed using Xilinx System Generator, is shown 

in Figure.7. The hardware architecture designed could be tested on whatever device belonging to XILINX 

family. The selection of the plateform needed is done just before the creation of the reconfiguration file through 

the "XILINX SYSTEM GENERATOR" blockset settings provided by Xilinx library. 

 System Generator Tool produces a design targeted for Xilinx Virtex5 ML507 development kit. The entire 

architecture with the hardware and software co-simulation design is shown in Figure7. 
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Fig. 7: Hardware/Software Co-simulation Design. 

 

A.  Simulation results:  

 Figure.8 shows results from our Matlab simulation and FPGA implementation of lane detection system. We 

can observe that the lane boundaries are successfully extracted, which indicate the robustness and real-time 

performance of the algorithm. 

 

 
 

Fig. 8: Comparison between FPGA/MATLAB result. 

 

 In Figure.8, the left image is the original image as it is captured from the camera, the next one is the 

conversion module result, and then the edge detection block output. The last image is the RGB colored image 

with detected lane markings. The comparison between proposed hardware implementation and software 

simulation results of the lane detection system present some differences at the level of color space conversion 

and consequently the edge detection bloc. Likely, this has not influence too much road edges extraction and thus 

final results of the system.   

 proves that the proposed hardware implementation provides better results than software implementation. It 

can be seen that in normal traffic situations both the software and hardware implementation algorithm still 

performs well. An accuracy comparison between the Hw and Sw results shows that they are essentially 

identical, almost more than 80%. 

 

B.  Performance: 

 To evaluate the performance of the hardware implementation, a growing number of images containing road 

lanes were  experimented as different images inputs. For each experiment the same image input was tested in 

both hardware and software implementations, as presented in table1. The detection rate with hardware 

implementation is nearly 83%, which is a little bit lower than the software detection rate. Execution speed on 

Matlab is 25 times bigger than the FPGA implementation speed. In addition, the device requirement for our 

system is approximately 4% of the available logic resources of the target device. This leads us to conclude that 

the hardware implementation is much more beneficial, especially if we intend to work with real-time conditions.  
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Table.1 : System performance. 

FPGA Matlab 

Average Execution Time 20ms 500ms 

Detection Rate 83% 87% 

 

Conclusion:  

       In this paper, an implementation of road lanes detection system is presented based on "Hough Transform" 

algorithm and some pre-processing techniques in order to prepare the captured image to a lane detection 

process. The hardware architecture was designed using XSG library under Matlab/Simulink environment which 

proves that it is a very useful tool for developing computer vision algorithms. The lanes detection method is 

tested on different road scenes and a reasonable detection rate is achieved. However, in order to reach high 

reliability for intelligent vehicles applications, a hardware implementation are required since it is the only way 

to real-timing.  
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