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Abstract

This research focuses on the design and implementation of a system for automating
the task of measuring vehicular traffic flow on a motorway, using video image
sequences. Such a system is useful when designing traffic management systems such
as signal lights at road junctions. It can also function as part of an intelligent
transportation system, providing useful quantitative information, such as number and
size of vehicles, speed and direction of movement etc, for managing vehicular traffic

effectively.

The system processes a sequence of images captured by a video camera mounted
above a motorway. It performs motion segmentation on the images using background
subtraction, and derives traffic parameters using a combination of image processing

techniques such as statistical methods and solving systems of equations. While
making use of existing algorithms for image processing and image sequence
analysis, new algorithms have been developed and employed for background
extraction and occlusion modeling. The system has been designed to handle
inconsistencies caused by occlusion of vehicles, by predicting the motion of vehicles

using the derived parameters of motion.

Knowledge about the traffic scene has been used by the system to improve the
accuracy of results. The system relies on a centralized 'knowledge base', a source of
information related to the traffic scene. This knowledge base is loosely coupled to
the system in such a way that the system can be customized to perform well in

different traffic scenes by changing only the content of the knowledge base.

The system has been implemented to work on an IBM PC based system with an Intel
Celeron 450 MHz processor and 64MB Memory. The tools for implementation have

been selected after a study of their performance.

This automated traffic flow measurement system has been tested using three image

sequences from different traffic scenes. A number of tests have been conducted by
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varying the frame rate, image resolution and the method used to create the
background image. The results have been compared with each other, as well as the

ground truth, while recording the processing time involved with each test case.

The automated system measures traffic parameters with an average accuracy of 90%.
The new technique that has been proposed in this work for background construction
produces the most accurate result. Processing speed can be improved by reducing the
frame rate and the resolution of images, with a slight reduction in accuracy of the

results.



Declaration

I. G. C. de Silva. hereby certify that the work included in this thesis has not been
submitted in part or whole for any other academic qualification at any institution.

.................................

G. C. de Silva i
Research Student

Dr. N. K. Wickramarachchi
Supervisor



Contents

e Abstract

e Acknowledgments

o List of figures

e List of tables

Chapter 1: Introduction ............ e ruArassrarissrisrassssasreassranntans
1.1 Back@round ..o
L2 AT e
1.3 ODBJECHIVES oottt
1.4 Organization of the thesIS ...,

Chapter 2: Review of the state of the art ............c.cevveeniis
2.1 INrOAUCHION oo
2.2 COMPULET VISIOT  +oiriiiieiieite ettt e
2.3 Imd@B seqUERGEBRaFS Of - Moratitiw g St T amileg oooeoereerrrerrnenns
2.4 Traffic image analySiS .iiveoieiiiiiimime s seiorreeenee e nee e e
2.5 An overview of traffic detection Systems in USE  ......ooovivviioieiiincennnnn.
2.6 LimItations N eXIStNG SYSICMS  1oviviiiiiiiiiiiieie e
2.7 SUMMATY oo OTURPRTOPR

Chapter 3: Problem Statement and Approach ...................
3.1 INtroduction .o
3.2 Problem definition ..o
3.3 APPIOACH oot
3.4 Applicability of the system ..o
3.5 SUMIMATY oottt ettt et e ettt

Chapter 4: System design .........ccciiiiinnnnn s,
A1 INOAUCTION .ttt
4.2 Functional design and algorithms ...
4.3 Data deSIZN oot
4.4 Knowledge base deSIZN  ..ooiiiiiiiiiiiiiie e
4.5 User interface deSIZN  .oooiiiiioiiieiiee e

G0 SUINIMATY ittt ettt e e e e e et e e e s

(UL SN SO I N I (O]

39



Chapter 5: Implementation ........cccciiiciiisrrisiiiesinie e e,

ST INTOUCTION oo e
5.2 Selection Of t001S i
5.3 PLatfOrny oo

5.5 Database 0f the SYSIEM  ....ooviiiiiiiiie e
5.6 Knowledge base of the system .......ococooiiiiiiiiii e
5.7 The graphical user interface ........cccooviviiiiiiiiiiiiiieeceee e
S8 SUMMALY oo,

Chapter 6: Experimental results and evaluation ...............
6.1 INTrOdUCTION  1ooiiiiiiii e
6.2 Image sequences and ground truth ...
6.3 An overview of results
0.4 TeStNE SITATEZY oottt et e
6.5 Test cases and results ...
6.6 Comparison of results ...
0.7 SUMMATY oot e

Chapter 7: Conclusion and recommendations ....................
7.1 Conclusion

7.2 Summary of CONTDULIONS  .viiiiiiiiiiiciit e
7.3 Recommendations and future work ... .

o ReferencCes ....ciccciciiiiciiiicirissiieniiia e ereeeeaen
o Appendix A: Related theory .....ccciiiiiiiiiiiiiiiic i e
o Appendix B: Source code ......ccciiciiiiniiiinninnns e

o Appendix C: Contents of the CDROM .........cccvviviinninnnns

54

54
54
57
61
62
86
99

100



Acknowledgments

Having completed the M. Eng. Degree program at the department of Computer Science
and Engineering. university of Moratuwa. | would like to take this opportunity to thank
those who helped me a lot in completing it at this level.

First of all. I would like to thank my supervisors. Dr. Nalin Wickramarachchi and Dr.
Nihal Kodikara, for their supervision and guidance despite having busy schedules. Dr.
Wickramarachchi, as Head of the Department of Computer Science and Engineering,
made sure that I had sufficient time and study leave for research work although the
department was constrained by the lack of staff. Dr. Gihan Dias. Research coordinator in
the Department of Computer Science and Engineering, motivated me to start this
program and gave me valuable guidelines to keep progressing. Also. 1 would like to thank
Dr. Lalith Gamage. external examiner, for his comments and suggestions during the
progress reviews.

Dr. Dieter Koller. Faculty of Informatics, University ot Karlsruhe, Germany and Mr.
Andrea Prati. University of Modena, Italy, helped me by providing image sequences and
a number of research papers required for the project. Mr. T. H. G. Silva of Bomiriya
Central College was very helpful in deriving mathematical formulae related to the
project.

My sincere thanks go to Prof. (Mrs.) N. Rathnayake, Director of postgraduate Studies and
all the staff in the Postgraduate Studies Division for their support in administrative
matters.

[ would like to express my gratitude to my fellow research students in the CEEE research
lab for all the assistance and encouragement given to me. Finally, | would like to thank
Mr. Nilhan Niles. lecturer on the department of Textile Engineering, for his valuable
comments that made my thesis much better than it previously was.



Chapter 3

Figure 3.1

Chapter 4

Figure 4.1
Figure 4.2
Figure 4.3
Figure 4.4
Figure 4.5
Figure 4.6
Figure 4.7

Figure 4.8
Figure 4.9

Chapter 5

Figure 5.1
Figure 5.2
Figure 5.3
Figure 5.4
Figure 5.5
Figure 5.6
Figure 5.7
Figure 5.8
Figure 5.9
Figure 5.10
Figure 5.11
Figure 5.12
Figure 5.13
Figure 5.14
Figure 5.15
Figure 5.16

Chapter 6

Figure 6.1
Figure 6.2
Figure 6.3
Figure 6.4

List of Figures

System overview

Top level functional model

Entity - relationship model of the system data

Level | data flow diagram

Relational database schema

Specification of an unprocessed region

Image with identified tracks

A scenario where photogrammteric correction is not
required

A scenario where photogrammteric correction is required
Parameters required for calculating the correction factor.

Image with scene information

The graphical user interface hierarchy

Main window at system startup

Using File menu to load a sequence

Specifying the directory to load images from
Main window after loading the image sequence
Measuring tratfic flow

Specifying the number of frames using the dialog box
Main window after measuring traffic flow
Viewing results by track

Window showing results grouped by track
Saving results in a file

Viewing results by vehicle type

Window showing results grouped by vehicle type
Returning to the main window

Exiting system

Sequence 1: image with tracks and unprocessed areas
Sequence 2: Image with tracks and unprocessed arcas
Background image

Sample frame from image sequence

16

19

32

|5 TR S B U L
(SN

(@)

L
(@)

37

W U W e e i
b 2 == = O

Lt o
o =1 SN W



Figure 6.5
Figure 6.6

Figure 6.7

Figure 6.8

Figure 6.9

Figure 6.10
Figure 6.11
Figure 6.12
Figure 6.13
Figure 6.14
Figure 6.15
Figure 6.16
Figure 6.17
Figure 6.18
Figure 6.19
Figure 6.20
Figure 6.21
Figure 6.22
Figure 6.23
Iigure 6.24
Figure 6.25
Figure 6.26

Figure 6.27

Set of blobs detected by processing a frame

Sequence 1. original size: Background image constructed
by using the average pixel intensity

Sequence 1, original size: Background image constructed
by using the median of pixel intensities

Sequence 1, original size: Background image constructed
by using the mode of pixel intensities

Sequence 1. scaled down to 56%: Background image
constructed by using the average pixel intensity
Sequence 1. scaled down to 56%: Background image
constructed by using the median of pixel intensities
Sequence 1, scaled down to 56%: Background image
constructed by using the mode of pixel intensities
Sequence 1, scaled down to 25%: Background image
constructed by using the average pixel intensity
Sequence 1. scaled down to 25%: Background image
constructed by using the median of pixel intensitics
Scquence 1, scaled down to 25%: Background image
constructed by using the mode of pixel intensities
Sequence 2, original size: Background image constructed
by using the average pixel intensity

Sequence 2, original size: Background image constructed
by using the median of pixel intensities

Sequence 2, original size: Background image constructed
by using the mode of pixel intensities

Sequence 2, scaled down to 56%: Background image
constructed by using the average pixel intensity
Sequence 2, scaled down to 56%: Background image
constructed by using the median of pixel intensities
Sequence 2. scaled down to 56%: Background image
constructed by using the mode of pixel intensities
Sequence 2. scaled down to 25%: Background image
constructed by using the average pixel intensity
Sequence 2. scaled down to 25%: Background image
constructed by using the median of pixel intensities
Sequence 2, scaled down to 25%: Background image
constructed by using the mode of pixel intensities
Comparison of processing times for background
extraction for different image sequences

Comparison of error in background extraction for
different image scquences

Comparison of motion segmentation errors with ditferent
background extraction techniques

Comparison of motion segmentation errors with different
frame resolutions

58

62

63

64

66

67

08

70

74

75

76

78

79

80

87

88

89

90



Figure 6.28
Figure 6.29
Figure 6.30
Figure 6.31

Figure 6.32
Figure 6.33

Figure 6.34

Figure 6.35

Appendix A

Figure A -1
Figure A — 2

Figure A -3
Figure A —4
Figure A -5
Figure A — 6
Figure A —7
Figurc A -8

Comparison of vehicle tracking errors with different
background extraction techniques

Comparison of vehicle tracking errors with ditferent
frame resolutions

Comparison of vehicle type classification errors with
different background extraction techniques
Comparison of vehicle type classification errors with
different frame resolutions

Effect of frame resolution on processing time
Comparison of vehicle tracking errors with different
frame rates

Comparison of vehicle type classification errors with
different frame rates

Comparison of effective processing times for different
Image sequences

Calculating the scale factor when the CCD surface 1s
parallel to the ground plane

Calculating the scale factor when the CCD surface is at an
angle to the ground plane

The effect of photogrammetric correction

Projecting the image for photogrammetric correction
Calculation for the top half ot the image

Calculations along a line in the top half of the image
Calculation for the bottom half of the image

Calculations along a line in the bottom half of the image

97

98

e
O

<

._‘._.._.._.._.._.
— e e e
co ON I L — O



Chapter 4

Table 4.1
Table 4.2

Tablec 4.3
Table 4.4
Table 4.5
Table 4.0
Table 4.7
Table 4.8
Table 4.9
Table 4.10

Chapter 5

Table 5.1
Table 5.2

Chapter 6
Table 6.1
Table 6.2
Table 6.3
Table 6.4
Table 6.5
Table 6.6
Table 6.7
Table 6.8
Table 6.9
Table 6.10
Table 6.11
Table 6.12
Table 6.13
Table 6.14

Table 6.15

List of Tables

Entities in the data model

Mapping between the data in the knowledge base and the
system data model

Two matching blobs with their attributes

Attributes of the Scene entity

Attributes of the Track entity

Attributes of the Unprocessed Region entity

Altributes of the Vehicle Type entity

Attributes of the Vehicle entity

Attributes of the Frame Feature entity.

Results obtained by fitting a 2" order polynomial to each
track

Functional modules of the system
Files created by the system

Sequence 1: knowledge base

Sequence 1: Ground truth

Sequence 2: knowledge base

Sequence 2: Ground truth

The set of frame features for the sample frame

Matched vehicle features

Results grouped by track

Results grouped by vehicle type

Results for sequence 1. original size: background using the
average value of pixel intensities

Results for sequence 1, original size: background using the
median of pixel intensities

Results for sequence 1. original size: background using the
mode of pixel intensities

Results for sequence 1, original size: with half the original
frame rate

Results for sequence 1, original size: with one third the
original frame rate

Results for sequence 1. scaled down to 56%: background
using the average value of pixel intensities

Results for sequence 1. scaled down to 56%: background
using the median of pixel intensities

(OSSR VS U I S S R N A ] _—
—_— O O O O o0 o0 0

N

LI 9

54
55
56
57
59
59
59
60
62



Table 6.16

Table 6.17

Table 6.18

Table 6.19

Table 6.20

Table 6.21

Table 6.22

Table 6.23

Table 6.24

Table 6.25

Table 6.26

Table 6.27

Table 6.28

Table 6.29

Table 6.30

Table 6.31

Table 6.32

Table 6.33

Table 6.34

Table 6.35

Table 6.36

Table 6.37

Table 6.38

Results for sequence 1. scaled down to 56%:

using the mode of pixel intensities

Results for sequence 1, scaled down to 56%:

original frame rate

Results for sequence 1, scaled down to 56%:

the original frame rate

Results for sequence 1. scaled down to 25%:

using the average value of pixel intensitics

Results for sequence 1. scaled down to 25%:

using the median of pixel intensities

Results for sequence 1, scaled down to 25%:

using the mode of pixel intensities

Results for sequence 1, scaled down to 25%:

original frame ratc
Results for sequence 1, scaled down to 25%
the original frame rate

background
with half the
with one third
background
background
background
with half the

: with one third

Results for scquence 2. original size: background using the

average value of pixel intensities

Results for sequence 2, original size: background using the

median of pixel intensities

Results for sequence 2. original size: background using the

mode of pixcl intensities

Results for sequence 2. original size: with half the original

frame rate

Results for sequence 2, original size: with one third the

original frame rate
Results for sequence 2, scaled down to 56%
using the average value of pixel intensities

Results for sequence 2. scaled down to 56%:

using the median of pixel intensities
Results for sequence 2. scaled down to 56%
using the mode of pixel intensities

Results for sequence 2, scaled down to 56%:

original frame ratc

Results for sequence 2, scaled down to 56%:

the original frame rate

Results for sequence 2. scaled down to 25%:

using the average value of pixel intensities

Results for sequence 2, scaled down to 25%:

using the median of pixel intensities

Results for sequence 2, scaled down to 25%:

using the mode of pixel intensities

Results for sequence 2, scaled down to 25%:

original frame rate

Results for sequence 2, scaled down to 25%:

the original frame rate

: background
background

: background
with half the
with one third
background
background
background
with half the

with one third

68

69

69

70

71

74

75

76

77

77

78

79

80

81



Appendix C

Table C -1

The file and directory listing of thc CDROM

('S)

(S)





