ABSTRACT

A collision avoidance system is designed by expertise to reduce the severity
of an accident especially in cars. Nowadays, as reported by World Health
Organization (WHQ), about 1.25 million people die every year due to road
traffic crashes. If there are no corrective steps taken, the number is expected
to increase. Most of the collision avoidance system is utilizing sensors such
as radar, camera and laser range finder.

For this project, a single laser range finder (LRF) and a single embedded
platform, called Raspberry Pi (also known as Raspi) are used for the project
development. The function of LRF sensor is to determine the distance
between any objects with the sensor as the reference point based on the data
obtained from it. Meanwhile, the Raspi platform will work as a tool to do
the computational task when the LRF sends the data obtained in real-time
and display the results to the user.

To perform the detection and tracking using LRF, single scan from it is
taken at each time step. The obtained scan will go through few steps of
process to obtain the position of the target object. The flow of tracking
process consists of background subtraction, clustering and data association,

and tracking.
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CHAPTER 1

INTRODUCTION
1.1 Background of Study

Cars crashes are not the new issues nowadays. It happens in every place
around the world. A research has been done by a non-profit organization
regarding the car crashes phenomenon. From their findings, according to the
World Health Organization (WHO), the most leading cause of death among
young people aged 15 to 29 years old is road traffic injuries. In addition to
the facts, as the results of car crashes about 1.25 million people die annually.

The most top causes of car crashes are driver distraction. Distraction driving
can be defined as form of activities that could divert a person’s attention
away from the main task of driving which including texting or using
smartphones, and talking to the passengers. [3] Hence, align with significant
increases of car crashes cases due to distracted driving by the driver, there is
a needs to develop a system that could detects the obstacles such cars,
pedestrians and motorcyclists on the road thus alarming the driver with any
possible threats.

In this project, the LRF was used to develop obstacles avoidance system.
LRF use laser beams to measure the distance between the obstacles and its
current position, for the experiment purpose and indoor used, a range of 4
meters of LRF was used.[4] The working principle of LRF was easy to
understand. As it projects the laser beam to the obstacles, the time taken for
the laser beam to reflected back by the object towards the receiver is used to
measure the distance. [5]

For the embedded platform, Raspberry Pi (Raspi) platform was chosen in
this project. It is popular among the people as small in size, low power
consumption, low prices and most suitable for complex projects as

compared to Arduino platform. [6]



1.2 Problem Statement

According to the World Health Organization (WHO), the road accidents
majorly from car crashes are expected to increase by year of 2030 and
become one of the top seventh causes of death globally. [1] This causes by
driver’s inattention and distraction during driving.

The current pre-crash alerting systems provide great help to drivers to avoid
any possible events of car crashes and car collisions. Most of these systems
depend on sensors and LRF is one of them. In fact, LRF is relatively low
price but it has great accuracy for the measurement which in turns become
as an alternative for low-budget and affordable collision avoidance system.

[7]

1.3 Objectives and Scope of study

The objectives and scope of study for this project are as follows:

1.3.1 Objectives

1- To develop algorithm for detection and tracking

multiple targets by using laser range finder.
2- To visualize tracked objects data on screen display.

1.3.2 Scope of Study

In order to run the project, Raspberry Pi platform was used. The platform
run uses Jessie, a Debian based Linux operating systems. [8] The laser
range finder, Hokuyo URG-04LX-UGO01, was used to scan and measure the
distance of object to the sensor device. [9] The data gather from LRF was
used to process and display on the monitor screen. From the data obtained,
the user will be notified the distance between the object and a warning

message to alert the user if the upcoming objects are approaching closer.



CHAPTER 2

LITERATURE REVIEW

Throughout this chapter, a literature review about the project will be presented.

2.1 Characteristics of Laser Range Finder

Laser rangefinder (LRF) is a device that is used to measure the depth or the
distance to the projected object with a default distances. The fundamental
working principal of LRF is almost similar to radar and solar. But, the only

difference is LRF use laser instead of electromagnetic waves.

It emits the laser beam and then measures the time taken for beam to fly and
return back. In addition, since the speed of the beam is already predefined,

thus the distance to the obstacles can be measured. [5]

The good side of LRF is it can detect object or obstacles for longer distance
as compared to radar. This advantage makes it superior to be used as
obstacle detection system in cars. However, it also has some drawbacks for
instance: limited view range and sometimes in the scan area there are holes

due to some part of beams not being reflected. [5]

Furthermore, it also needs some filtration for the bad data returned beams in
order to get right distance measurement of object ahead. [5]



From Figure 1 show the measurement range in degree taken by a LRF.

50

Measurement Range 240"

FIGURE 1 Measurement range of LRF.

The LRF starts the scanning process in anticlockwise direction. The area
zone which out of 240 degree scanning boundary consider as dead zone. No
data will collect and receive by the LRF.

In Figure 2 shows sensor’s measurement details. Measurements points in

LRF are called Steps. Each section has different value measurement point.
[10]

Detection Range (E Degree)
Angle Resolution (360/F)

FIGURE 2 Measurement parameters.



Table 1 shows the measurement parameters of URG-04LX-01 which is the

sensor’s model used in the project.

TABLE 1 Measurement parameters of URG-40LX-01
Parameter Description Value
Step 0 1% measurement point 0
Step A Initial measurement step 44

of detection range
Step B Sensor front step 384
Step C End point of detection 725
range
Step D Last measurement point 768
E Detection range 239.77
degree
F Slit division 1024




2.2 Time of Flight (TOF) and Speed of Objects

On this project, LIDAR (light detection and ranging) is used as optical
remote sensing technology. The basic principle of LIDAR is infrared laser
pulses will be send out by emitter and the photodiode will search and detect
the reflected light. Meanwhile, the distance of the objects or targets are
determine based on time of flight (TOF) of infrared laser pulses emitted and
reflected light back to the receiver. For speed of the other objects, it can be
done by comparing the relativity speed of objects with the speed of light.
[11]

There are certain things too need to be taking account about measurement of
the object’s distance. They are including the peak power of the laser, the
laser beam divergence, and target reflectivity, sensitivity of the detector as
well as optics and air transmittance. On top of that, the pulse width of the
laser, speed and accuracy of Analog-to-Digital Converter (ADC) used will
affect the accuracy of TOF measurement too. [12]

2.3 Detection of Multiple Targets

The Kalman filtering method is a handy tool for detection and tracking of
both moving and stationary objects in a forward- facing laser scan. [13] This
method is the most common techniques of object tracking. As for example,
[15] , [16] and [17] all use set of independent Kalman filter variants to

recognize the location of moving targets.

The work of [15] use white noise acceleration velocity models meanwhile
[16] modelled the moving objects with constant linear acceleration and
constant rational velocity. By referring to the detection and tracking of
moving objects (DATMO) system [14], it breaks down into three modules
which are scan segmentation, object classification based on suitable voting
scheme of objects properties and object tracking using Kalman filter for
better tracking performance in the system.



24 Raspberry Pi versus Arduino platform

Arduino and Raspberry Pi are popular among the inventors and IT hobbyist.
Both platforms have one common similarity which is small in size.
However, they have differences. An Arduino is a microcontroller and easy
to use. A Raspberry Pi is more complicated than Arduino due to its ability to
execute multiple programs since it iS a general-purpose computer.
Hence, when it comes to do multiple tasks or full-fledged computer,

Raspberry Pi is the best suit.



In Table 2, the general comparison between Raspberry Pi platform and
Arduino platform in term of theirs hardware characteristics, software and

price are presented.

TABLE 2 Comparison between Arduino Uno and Rasoberrv Pi 2B+
| Devices
Platform Arduino Raspberry Pi
Variant Uno Model 2 B+
Software
Operating system - Linux, RISC OS
Dev.Environments Arduino IDE, Eclipse Eclipse, QEMU,
[/Toolkits Scratchbox,
OpenEmbedded
Programming language Wiring-based (C++) Python, C
Architecture 8bit 32 bit
Hardware
Processor ATMEGA328 BCM2835(ARM) Corttex -
A7
Speed 16Mhz 900Mhz
RAM 2Kbyte 1GB
ROM 32Kbyte SD
I/O (various protocols) 14 8
ADC 6 Internally used
USB - 4x2.0
Audio - Stereo out, In w/ USB mic
Video - HDMI, NSTC or PAL
Misc. Many shields available SD, 10/100 Ethernet, JTAG
for added capability
Cost
(*** 1USD = MYR $29.95 @ MYR131.93 $35.00 @ MYR154.18
4.41***)

FIGURE 3 Arduino Uno FIGURE 4 Raspberry Pi 2 B+



CHAPTER 3

METHODOLOGY

On Chapter 3, it will present the methodology that was used and show the

general steps needed to accomplish the project goals.

3.1 Overall methodology

The summary of project methodology can be summarized as below:

a)

b)

d)

Problem Identification

Research and literature review been done to achieve better
understanding on the project requirements. Furthermore, some deep
analysis also been done on other projects that have done similar
works.

Software and Tools Selection

The selection of tools and software are based on the input obtained
from the first stage.

Development Phase

At this stage, the Laser Range Finder is interfacing with Raspberry Pi
platform. The goal is to obtain distance measurement data.

Testing and Optimizing the Performance of the System

In this final step, the system was tested to verify the results obtained.
The main parameter that been consider is in term of validity of data

transferred.



3.2 Project Flow Chart

Step 01: Data Acquisition

The Laser Range Finder (LRF) starts capturing the data from the
environment.

Step 02: Data Processing

As the LRF capturing the data, the data obtained will be filtered to avoid
false signal. Therefore, only truth data will be used and thus reduced the
data errors.

Step 03: Classification of Possible Collision

The category of collisions was specified based on the reading obtain from
LRF.

Step 04: Prompt notification to driver

The results are displayed to the driver. On the monitor screen, the distance
of the objects from car was shown and if the objects are closer approaching

the car, warning message will notified to alert the driver.

Raspberry Pi

KD&ta acquisition from LRP\

2

Filtering out false signal

-

2

Classification of possible
collision

2

‘ Displav necessarv info to the
driver

FIGURE 5 Program Flow
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3.3 Tools and Software

Below are list of tools and software used during project development period:

TABLE 3 Equipments used for the project

Bil Name of equipment Quantity (Unit)
1 Raspberry Pi B+ Model Board 1

2 Hokuyo URG Laser Range Finder 1

3 URG C Library -

4 4.3” NTSC TFT LCD Color Monitor 1

3.4 Key Milestones

Below are the summary of some important milestones for project’s

development:
” Both Raspberry Pi platformJ and LRF are interface and acquire the

necessary measurement data.
¥ Development of(JGUI algorithm code to display the data towards

driver on screen monitor.

11



3.5 Gant Chart
The following tables are the timeline for the project development period in final

year project 1 (FYP1) and final year project 2 (FYP2) respectively.

TABLE 4 Gantt chart for FYP1

Task /Week

Task 1

Task 2

Task 3

Task 4

Task 5

Task 6

Task 7

Task 8

Task 9

Task 10

Note: The symbol Oindicates the important milestones.
Tasks:
v' Task 01: Literature review and preliminary research.
Task 02: Identify the software and tools required for the project work.
Task 03: Setup Raspberry Pi and testing simple program code on it.
Task 04: Configure and setup Laser Rangefinder on PC.
Task 05: Write extended proposal.
Task 06: Submission of extended proposal.
Task 07: Preparation for proposal defence presentation.
Task 08: Proposal defence presentation.
Task 09: Write Interim report draft.

NS N N N N N S NN

Task 10: Submission for Interim report.

12



TABLE 5 Gantt chart for FYP2

Task /Week |1 (2 |3 |4 |5 |6 |7 |8 |9 (1011|1213 |14 |15

Task 01

Task 02

Task 03

Task 04

Task 05

Task 06

Task 07

Task 08

Task 09

Tasks:

\

Task 01: Setting up the interface LRF and Raspberry Pi.

Task 02: Testing and benchmarking the integration of the system.
Task 03: Poster presentation for Pre-Sedex.

Task 04: Progress report s’ preparation and submission.

Task 05: Submission of draft final report.

Task 06: Submission of dissertation.

Task 07: Submission of technical paper.

Task 08: Preparation for final viva.

Task 09: Viva.

AN NN Y N N NN

13



CHAPTER 4
RESULTS AND DISCUSSION

4.1 Laser Range Finder (LRF) interface with Raspberry Pi

LRF was interface with the Raspberry Pi to obtain the reading data. It scan
environment with coverage of 240 degree angle. In addition, LRF gives 682
readings with angle resolution 0.36 degree. It also can cover distance up to

4000mm which equivalent to 4.0 meters.

To ensure the sensor is well function, it was tested using the Hokuyo URG
viewer application in windows platform. Once it confirmed to well-
functioning, the LRF will connect with Raspberry Pi. Figure 6 show the
output obtained when a LRF start scanning process.

viewers: [ApsSedalt v [ mone  v|[ wone v|[ mone ] [3] connectors 8 x
A Serial 1 ‘ #" Ethemet 1 | Ore: | (R

O (20 ) X3 00

lefe

—— ; ) ‘m\”m‘

FIGURE 6 LRF Testing On URG
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En

FIGURE 7  Data Points Scanning Checking From LRF

From Figure 7 above, when a LRF was connected with a Raspberry Pi, a
check and balance procedure been done to ensure during real-time scanning,
the LRF got maximum amount of data point. In this case, 10 iterations was
done in the algorithm code and in each iteration got maximum of 682 data
points. Those data points would be used to plot the data in radar like form.
Also been noted, the LRF can do approximately 12 scans in 1 second after

10 iterations.

15



FIGURE 8 Plotted Data Points from LRF

From Figure 8 , noticed that some part of data missing during the real-time
scanning. The yellow lines indicate that, no objects present in range of
detection. The big black hole (in red circle) indicate that object present near
to the LRF sensor. The green rectangle shape in the Figure 8 indicate that |,
the dead zone of measurement range. The full algorithm can be refer in

Appendix section under file name urgplot.py

16



CHAPTER 5
CONCLUSION AND RECOMMENDATION

5.1 Conclusion

This paper proposed a method of detecting and tracking multiple targets by
using laser rangefinder. Few challenges arose as to complete the project.
Those problems are false data or missing data during the scanning and data
retrieved by the LRF and the accuracy to locate the object in real-time.

Besides that, with proper construction of laser range algorithm and
visualization algorithm for multiple target tracking in Raspberry Pi
microcontroller, it can be a very powerful device to assist especially driver
in vehicle by alerting them with the upcoming objects or obstacles in front
of them.

5.2 Recommendation

As for future works, it can be improving more on processing data speed
of device during real time and taking into account the ways to make
detection and tracking scheme efficient during bad weather conditions.

17
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APPENDICES
a. urgtest.py

1 #!/usr/bin/env python
2 # -*- coding: utf-8 -*-
3 -
4
5
6 from breezylidar import URGO4LX
7
8 import sys
9 from time import time
10
11 DEVICE = '/dev/ttyACM0'
12 NITER = 10
13
14 laser = URGO4LX (DEVICE)
15
16 print (' =====================sss=sssssssssssssssssssssssssssssssssssss= ! )
17 print (laser)
18 print (' ===========sssssssssssssssssssssssssssssssssssssssssssssssssss= | )
19
20
21 start_sec = time()
22
23 count = 0
24
25 for i in range(l, NITER+1):
26
27 sys.stdout.write('Iteration: %3d: ' %:1)
28
29 data = laser.getScan()
30
31 if data:
32
33 print('Got %3d data points' % len(data))
34
35 F count += 1
36
37 [ else:
38
380 & print('=== 3CAN FAILED ===')
40
41 elapsed sec = time() - start sec
42
430 print('$d scane in 3L seconds = %I scans/sec' % (count, elapsed sec, count/elapsed_sec))
44
45

20



b. urgplot.py

14

2 URG_DEVICE = '/dev/ttyACMC
3

4 # Arbitrary display params

5 DISPLAY CANVAS SIZE PIXELS = 500

6 DISPLAY CANVAS COLOR = 'bl

7 DISPLAY SCAN LINE COLOR = 'yellow'
8

9 # URG-04LX specs

10 URG_MAX SCAN DIST MM = 4000

11 URG_DETECTION DEG = 240

12  URG_SCAN SIZE = 68

i3

14 from breezylidar import URGO4LX

15

16 from math import sin, cos, radians

17 from time import time, sleep, ctime
i8 from sys import exit, version

19

21 import tkinter as tk

20 Tif version[0] == '3':
22 import _thread as thread

23 else:
24 import Tkinter as tk

25 import thread
26
27 # Runs on its own thread

28 [Hdef grab scan( obj):
29 [ vwhile True:

30 scandata = obj.lidar.getScan()

31 if scandata:

32 obj.scandata = scandata

33 obj.count += 1

34 sleep(.01) # pause a tiny amount to allow following check to work
35 [ if not obj.running:

36 break

37

38

39 class URGPlotter(tk.Frame):

40 E 100

41 UGRPlotter extends tk.Frame to plot Lidar scans.

42 TR

43

44 [ def _ init (self):

. <

46 Takes no args. Maybe we could specify colors, lidar params, etc.
4'7 L | fal lal ]

48

49 # Create the frame

50 tk.Frame. init (self, borderwidth = 4, relief = 'sunken')

51 self.master.geometry (str(DISPLAY CANVAS SIZE PIXELS)+ "x" + str(DISPLAY CANVAS SIZE PIXELS))
52 self.master.title('Hokuyo URGO4LX [ESC to gquit]')

53 self.grid()

54 self.master.rowconfigure (0, weight = 1)

55 gself.master.columnconfigure (0, weight = 1)

56 self.grid(sticky = tk.W+tk.E+tk.N+tk.S)

57 self.background = DISPLAY CANVAS COLOR

21



58

59 # Add a canvas for drawing

60 [ gelf.canvas = tk.Canvas(self, \

61 width = DISPLAY CANVAS SIZE PIXELS, \

62 height = DISPLAY CANVAS SIZE PIXELS,\

63 background = DISPLAY CANVAS COLOR)

64 [ self.canvas.grid(row = 0, column = 0,\

65 rowspan = 1, columnspan = 1,\

66 sticky = tk.W+tk.E+tk.N+tk.S)

67

68 # Set up a key event for exit on ESC

69 self.bind('<Key>', self. key)

70

71 # This call gives the frame focus so that it receives input

72 self.focus_set ()

73

74 # No scanlines initially

75 self.lines = []

76

77 # Create a URGO4LX object and connect to it

78 self.lidar = URGO4LX (URG_DEVICE)

79

g0 # No scan data to start

81 self.scandata = []

82

83 # Pre-compute some values useful for plotting

84

85 0 scan angle rad = [radians(-URG DETECTION DEG/2 + (float(k)/URG SCAN SIZE) * \
86 URG_DETECTION DEG) for k in range (URG_SCAN SIZE)]
87

88 gelf.half canvas pix = DISPLAY CANVAS SIZE PIXELS 2

89 scale = self.half canvas pix / float(URG MAX SCAN DIST MM)

90

91 gelf.cos = [-cog(angle) * scale for angle in scan angle rad]

92 gelf.sin = [ sin(angle) * scale for angle in scan angle rad]

93

94 # Add scan lines to canvas, to be modified later

9% [ self.lines = [self.canvas.create_line(\

9 self.half canvas pix, \

a7 self.half canvas pix, \

98 self.half canvas pix + self.sin[k] * URG MAX SCAN DIST MM,\
99 self.half canvas pix + self.cos(k] * URG MAX SCAN DIST MM)
100 for k in range (URG_SCAN SIZE)]

101

102 [self.canvas.itemconfig(line, f£ill=DISPLAY 5CAN LINE COLOR) for line in self.lines]
103

104 # Start a new thread and set a flag to let it know when we stop running
105 thread.start new thread( greb scan, (self,) )

106 gelf running = Troe

22




107

108 def run(self):

109 [ vy

110 Call this when you're ready to run.

11 ¢ vy

112

113 # Record start time and initiate a count of scans for testing
114 gelf.count = 0

115 gelf.start_sec = time()

116 self.showcount = 0

117

118 # Start the recursive timer-task

119 plotter. task()

120

121 # Start the GUI

122 plotter.mainloop()

123

124

125 E def destroy(self):

126 - 1

127 Called automagically when user clicks X to close window.
128 vy

129

130 self. quit()

131

132 @ def quit(self):

133

134 self.running = False

135 elapsed gec = time() - self.start sec

136 print('%c n if = %f sca

137 print('$d displav =

138

139 del self.lidar

140

141t exit (0)|

142

143 [ def key(self, event):

144

145 # Make sure the frame is receiving input!

146 self.focus force()

147 H if event.keysym == 'Ezcape':

148 self. quit()

149

150 @[ def task(self):

151

152 # Modify the displayed lines according to the current scan
153 H [self.canvas.coords(self.lines[k],

154 self.half canvas pix, \

155 self.half canvas pix, \

156 self.half canvas pix + self.sin[k] * self.scandata(k],\
157 self.half canvas pix + self.cos[k] * self.scandata[k]) \
158 for k in range(len(self.scandata))]

159

160 # Reschedule this task immediately

161 self.after(l, self. task)

162

163 # Record another display for reporting performance
164 - gelf.showcount += 1

165

166
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167
168
169
170
171
172
173

# Instantiate and pop up the window

if

name ="' main !

plotter = URGPlotter()

plotter.run()
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