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ABSTRACT 

 

Around View Monitoring (AVM) system is widely used as a part of driver assistance system. 

AVM helps driver to see blind-spot region and drive through narrow space by providing a 360-

degree sight of the car’s surrounding from the top view. The project will implement a vision 

based one-channel AVM system on embedded board and focused on the algorithm 

optimization to improve the system’s processing speed. 

Two embedded boards, Telechip TCC 8971 SoC (Cortex-A7 quad-core) and Renesas R-Car 

H2 (Cortex-A15 quad-core) are used for this project and a PC platform of Intel i7 core is used 

to benchmark the processing speed of running the same algorithm on PC. Embedded board has 

a limited processing power and memory compared to standard PC platform. The common 

challenges of running an image processing on embedded board is that image processing 

requires high processing power and large memory to support pixel by pixel computation. 

The research objective focused on identifying the issues of running the AVM system on 

embedded board and implements several optimization methods to improve the initial 

processing time of the system. The thesis explains the use of Yocto Project to setup the 

embedded development board and algorithm porting. Several techniques of optimizations are 

presented in this thesis including multi-threading and the use of Qt OpenGL for GPU-

accelerated output image rendering. The final optimization improved the total processing time 

of AVM system by 54.29 % on Telechip board, 52.04 % on Renesas board and 61.64% in PC 

platform. 
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 خلاصة البحث 

 

( على نطاق واسع كجزء من نظام مساعدة السائق. يساعد هذا النظام  AVMيستخدم نظام مراقبة الرؤية )

(AVM  السااائق على يؤية منط ة الن طة الياءاء )  وال ءادة عبر الاسااا ة القااء ة من توف ر رءر يؤية

( أ ادي AVMمن الانظر اليل ي. ساء  م هذا الاراروب بتنذءذ نظام ) ديجة لاحءط الساءاية  360بزاوية  

 ال ناة للرؤية على ل  ة مدمجة ويركز على رحسءن الخ ايزمءة لتحسءن سرعة ميالجة النظام.

 و Telechip TCC 8971 SoC (Cortex-a7 ي الن اةهااا))يبااع يتم اسااااتخادام ل  تءن مادمجتءن

الارااروب و ويتم اسااتخدام منلااة الرابء رر   لهذا  Renesas R-Car H2 (cortex- a15)يباعي الن اة 

الأساااسااءة  ل ءاع ساارعة الايالجة لتراااءخ نذز الخ ايزمءة على جهاز الرابء رر.   Intel i7 الرااخلااي

رة محادودة م ااينة بانلااااة الرابء رر ال ءااسااااءاة. رتا اخ التحاديا  رتاتع الل  ة الاادمجاة ب  ة مياالجاة و اك

الراائية لترااءخ ميالجة اللا ي على ل  ة مدمجة ري  ءن أع ميالجة اللا ي رتطلة ق ة عالءة للايالجة 

 و اكرة كبءرة لدعم  ساب البءرسخ ب اسطة البءرسخ.

اليديد من أسااااالءة و رق    على ل  ة مدمجة ورنذءذ   AVMيكز هدف البحث على رحديد رراااااءخ نظام  

لإعداد ل  ة    Yoctoالتط ير لتحسااءن وقا الايالجة الأولي. ررااره هذط الأ رو ة اسااتخدام مرااروب 

مدمجة متط ية ومنذذ ت ايزمءة. راا مناقراة اليديد من ر نءا  التحساءن ري هذط الأ رو ةو باا ري  ل  

. زاد  GPUالاخرجة بساااارعة   ليرض اللاااا ية  Qt Open GLتء   الايالجة الاتيددة واسااااتخدام  

  52.04و  Telechip٪ على ل  ة 54.29بنساابة    AVMالتحسااءن النهائي من وقا الايالجة الرلي لنظام  

 ٪ ري منلة الرابء رر الرخلي. 61.64و Renesas٪ على ل  ة 
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CHAPTER ONE 

INTRODUCTION 

 

1.1 BACKGROUND 

Advanced Driver Assistance System (ADAS) is an intelligent, in-vehicle safety system that 

aims at improving on-road safety. General technology of ADAS uses sensors such as RADAR 

(Radio Detection and Ranging), LIDAR (Light Detection and Ranging), ultrasonic and front 

camera (vision-based) to sense the surrounding environment and give alerts to the drivers on 

the potentially dangerous traffic situation. Figure 1.1 shows an overview of ADAS applications 

and typical sensors used for each application. 

 

 

Figure 1.1 General view of ADAS applications with its typical sensors (Texas Instruments, 

TI Vision SDK, Optimized Vision Libraries for ADAS Systems, n.d.) 
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Researchers have successfully developed and implemented ADAS in several in-vehicle 

applications (Texas Instruments, n.d.). Some well-known ADAS applications such as: 

(1) Lane Departure Warning System (LDWS): The system will alert the driver if the 

car's relative location is drifting out of the lane marking. 

(2) Forward Collision Warning System (FCWS): The system will detect all possible 

hazardous in front of the car and gives alerts if the car's relative position is risky for 

an accident. 

(3) Pedestrian Detection System: The system detects pedestrians and gives warning to 

the driver for any potential danger. 

(4) Traffic Sign Recognition: The system detects all the traffic signs and passes the 

information to the driver. 

(5) Around View Monitoring (AVM): The system provides a 360-degree view of the 

vehicle for the driver to fully aware of the surrounding. 

 

a) Introduction to AVM 

One of the ADAS features is the Around View Monitoring or AVM system. According 

to Yu and Ma (2015), AVM helps drivers to see the blind-spot region and drive through 

narrow space by providing a 360-degree sight of the vehicle's surrounding from the top 

view. AVM also is very helpful to support drivers during parking. Some system even 

offers audio and visual warning technique to alert the driver if it senses any movement 

around the vehicle. Some system provides an interactive 3-dimensional display of the 

vehicle and its surrounding. Generally, AVM product uses four to six fisheye cameras 

installed around the vehicle. Figure 1.2 shows the existing AVM product in the market. 
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(a) 

 

 

(b) 

Figure 1.2 (a) 3D surround view in the BMW X3 (1001cars, 2017) and  

(b) Nissan’s Around View Monitor System (Nissan, 2017) 

 

b) Introduction to Embedded System 

An Embedded system basically can be defined as a microprocessor-based system 

designed to run a specific task. The embedded system is not as flexible as a PC which 

the functions can be programmed or changed by end-users (ARM, 2014). has 

summarized several common types of embedded system in his thesis which includes 
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general-purpose CPU, microcontroller, digital signal processor (DSP), and 

programmable logic devices such as complex programmable logic device (CPLD) and 

field-programmable gate array (FPGA)). 

 

1.2 PROBLEM STATEMENT AND SIGNIFICANCE 

The technology of ADAS is widely used in which drivers are taking particular interest and 

understand the importance of road safety. For ADAS, it is important for the system to 

efficiently execute its function because it is related to the safety of drivers. Thus, it is 

importance to develop a reliable and fast system to be implemented in vehicles.  

The development of ADAS technology on embedded platform should comply with 

several requirements. The algorithm processing and execution requires considerable 

computational power and should be robust enough to run on an embedded platform and various 

lighting conditions. Practically, the performance should be fast enough to be implemented in a 

real environment. Most of the systems are developed on the PC platform, but sometimes the 

performance and speed degraded when the algorithm is ported on an embedded platform. Thus, 

vision-based ADAS faces challenges in developing a robust algorithm and at the same time is 

able to run efficiently on an embedded platform (Nieto, Otaegui, Vélez, Ortega, & Cortés, 

2013). 

Vision-based ADAS requires high computational power for image processing. This 

usually causes some time delay when the system needs to process the data frame-by-frame. 

The embedded system itself provides limited processing power. 
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The project focused on implementing an AVM system with a graphical user interface 

(GUI) using one camera input (or one-channel AVM). The performance of the system will be 

analysed and optimized to be able to run on embedded platforms with acceptable speed. 

1.3 RESEARCH OBJECTIVES  

The objectives of the research are: 

1. To identify the issues of the developed AVM system affecting the system’s processing 

speed 

2. To determine optimization techniques for improving the computational time of the 

image processing algorithm in a developed AVM 

3. To evaluate the performance and processing time of optimized AVM algorithm running 

on embedded platforms 

 

1.4 RESEARCH METHODOLOGY 

The project focused on improving the processing time of an AVM system running on 

embedded platform. The research methodology is as described in Figure 1.3. 
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Figure 1.3: Research methodology flowchart 
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The research methodology above can be summarised in four phases which are (1) literature 

review and algorithm study, (2) data collection, (3) optimization of AVM application, and (4) 

documentation. 

Phase 1: Literature review and algorithm study 

➢ Literature review  

• Study on existing optimization techniques for improving the processing speed 

of image processing algorithm running on an embedded platform. 

➢ Study on the AVM algorithm 

• Study and understand the algorithm flow of the one-channel, vision-based AVM 

system. 

Phase 2: Data collection 

➢ Porting the AVM application to embedded board.  

• The application is deployed on two embedded boards, (1) Renesas R-Car H2 

development board and (2) Telechips - TCC8971 SoC custom development 

board. 

• The procedure includes board setup by developing the operating system (OS) 

for the embedded board and cross-compiling the AVM application. 

• The application is also tested on a PC platform for performance comparison. 

➢ Analyze the performance of the AVM application running on embedded platform. 

• The AVM algorithm is run for several seconds and output data is recorded.  

• The initial processing time and frame-per-second (fps) data is calculated and 

tabulated as benchmarking result. 
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Phase 3: Optimization of AVM application 

➢ Develop methods for improving the processing speed of the AVM application with GUI 

display.  

➢ Implementation of the optimization methods and application testing 

• Several optimization methods are applied on the AVM application and the result 

are recorded. 

• The optimized algorithm will be tested for reliability and robustness. 

• The application is debugged and modified until a stable and satisfactory result 

is obtained. The final application should run with a frame rate of more than 10 

fps.  

Phase 4: Documentation 

➢ Project documentation and thesis writing 

 

1.5 RESEARCH SCOPE 

The project focus on analysing the processing time of an AVM application which is a part of 

ADAS. The scope of this project is the optimization of the AVM application on an embedded 

board. The project will cover several optimization methods including optimization through 

source code/algorithm modification and GPU using the available framework. For the GPU 

support, an early review has found that both embedded boards do not support OpenCL and 

CUDA which limits the GPU framework that can be applied. Next, the AVM application and 

optimization will be done using input from video recorded at the project setup. The recorded 

video is obtained using a toy car with a camera attached to a rear body to simulate reverse 

parking action. The car is pushed with constant speed in one direction and the input image is 
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recorded. The project testing also will be done indoors in the lab with a homogeneous surface-

type floor. Besides that, the input will not be affected by any weather change. The embedded 

board used is of automotive standard and provided by the sponsoring company.  

 

1.6 REPORT ORGANIZATION 

This research proposal is divided into several chapters.  

Chapter 1: Introduction 

This chapter will discuss the overview of the project including research objectives, problem 

statements, and methodology for this vision-based optimization on an embedded platform. 

 

Chapter 2: Literature Review 

This chapter will review several studies on optimization methods for embedded systema. The 

optimization methods including compiler optimization, source code/ algorithm-based 

optimization and, hardware-accelerated algorithm using available GPU framework supported. 

The review will help to investigate existing optimization techniques available for embedded 

platforms. Analysis of the advantages and disadvantages of each method will also be discussed 

in this chapter. 

 

Chapter 3: System Development 

This chapter will discuss the details of the embedded platform and experiment setup. This 

chapter will also discuss several optimization techniques implemented to optimize the 

processing speed of the AVM system running on embedded platforms. 
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Chapter 4: Result and Discussion  

This chapter will present the resulted processing time after implementing optimization methods 

on the AVM system. The results will be analysed and discussed further in this chapter. 

 

Chapter 5: Conclusion 

This chapter will discuss the summary of this project, the thesis contribution, and several 

recommendations to further improve the current research.  
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CHAPTER TWO 

LITERATURE REVIEW 

 

2.1 INTRODUCTION 

The technology of ADAS is not something new. The development of ADAS technology starts 

with the introduction of the Anti-lock Braking System (ABS) as a product for vehicle safety in 

the late 70s of the twentieth century (Ziebinski, Cupek, Erdogan, & Waechter, 2016). Ziebinski 

has summarized many other ADAS technologies in general in his research paper. This proves 

that the development of ADAS offers a great possibility for improving on-road and transport 

safety. Many researchers worldwide are working to further improve this technology.   

The ADAS acts as a passive system (e.g. warning system) or even an active system 

(e.g. automatically assist vehicle control). Some of these systems use camera which run image 

processing algorithms to detect the obstacle in front of the car or sense the surrounding 

environment (Saussard, Bouzid, Vasiliu, & Reynaud, 2015). Besides the vision-based system 

using a camera, several systems also use radar or LIDAR for their input data. Existing ADAS 

applications include Front Collision Warning System, Lane Departure Warning System, Driver 

Drowsiness Detection, Pedestrian Detection, and Traffic Sign Recognition (Saussard, Bouzid, 

Vasiliu, & Reynaud, 2015; Hammond, Qu, & Rawashdeh, 2015).     

An embedded system should satisfy a trade-off between several requirements such as 

real-time performance, cost, power consumption, spatial constraints, reliability, and limited 

resources (Velez & Otaegui, 2016; Ferreau, et al., 2017). When implementing the system on 

an embedded platform, the real-time performance of the system is one of the important issues, 

to fulfil the system demand. The system should be able to process the data and run the algorithm 


