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Abstract

Intersection Monitoring and data collection are very important issue to traffic. In
recent year, more and more people research how to develop an image detector system
to collect traffic parameters such as traffic flow, speed etc. To obtain these traffic
parameters can improve urban traffic by optimizing signal at intersection. The
research of image detector on highway had been developed maturely that can extract
traffic parameter with high accurate rate. However, the researches about data
collection at intersection are few. Because. intersection is more complex than highway,
vehicle is difficult to be tracked wellsat interséction. A system that can be applied at

intersection has to be developed.

=AY

In Taiwan, motorcycle occﬁgi_es phméfbus_berceﬂtages of vehicles. Because of
some characteristics of it, motoréycles are. difficult to detect at intersection. It
becomes a challenge for image detector system to have reliable ability of vehicle
detection.

In this thesis, a system which has reliable detection ability and robust algorithm on
real time for data collection is necessary. After testing this system, average accurate
rate of it can reach more than 80%.

Keywords: vehicle extraction, dynamic threshold, shadow removal, occlusion

resolution, vehicle tracking.
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Chapter 1

Introduction

1.1 Motivation

Intersection monitoring and data collection are very important issue in traffic. The
situation at intersection could be realized by these traffic data we collected, and we
can use these data to improve urban traffic. On the side, the increase of private vehicle
cause traffic in urban became bad and-bad. Volume of vehicles is full of the roadway

that cause traffic jam occurs frequently-Because of limited land, it is uneconomical to

—
-
=

build more roadways and it is impossibl:if_;: to satisfy with the traffic requirement. In
order to resolve this hard proble;ﬂ, ITS (Intelligent Transportation System) which use
advanced communications technologies to improve transportation safety and mobility
was developed. In recent twenty years, more and more people make efforts in ITS
issue. One of important issue in ITS is how to collect data for the use in traffic.
Traditionally, we use loop detector and manpower to collect traffic data. Both of them
have drawbacks in date collection. At intersection, we often improve traffic efficiency
and safety by collecting traffic parameters such as turn ratio, traffic flow, and time
delay to optimize signal. Loop detector just can obtain traffic flow and it is difficult to

maintain. In the past, we usually collected data at intersection by manpower that



needs very many people to investigate, but the effect was low.

In recent year, the technique of detector had large advancement, and non-invasion
detector such as micro wave based and Image based had become trend for extracting
traffic parameters. Especially, Image detector was researched by more and more
people because of the advancement of computer and image processing. It had been
developed for long time and there are several products to present, Autoscope is one of
the famous business software. Image detector has a lot of advantage, so many traffic
parameters such as traffic flow, turn_gatio, timeidelay, headway and occupancy can be
extracted by it that is more than other typé'gof detector, Itis different to loop detector
which needs to be set up by dest_;(_)yirilg: pa-\;-e:me:.ﬁt, so.we could establish and maintain

it easily. It also provides a vision-based sys'teni that can assist with user to realize the

situation at intersection quickly and let traffic management become easier.

Traffic environment in Taiwan is very special and complex, motorcycle has a lot of
percentages in all kinds of vehicle. There are more than thirteen million motorcycles
on the roadway. Every two people have ones. This phenomenon causes that data
collection become very difficult by using image detector. We have to care this

problem, the motorcycle makes the traffic environment become more complex and



more danger, however there is too less research to discuss it. That is why this
important issue is necessary to be resolved and we want to develop a system that can

detect different types of vehicle at intersection.

1.2 Objective

Image detector can supply rich information on roadway. It not only can collect
traffic parameter but also detect incident. On the side, image detector had already
possessed capability to work on real-time because of the advancement of computer
hardware. Therefore, the objective/ ofithis thes.is isito develop a system that deal with
image sequence which is supplied from C:_C-;TV or shot by manpower at intersection to
extract traffic parameters in re.alf-‘_[imc:e.' Vei-i.cle_fype is. also important traffic data, so

the system in this study had to recognize different'vehicle type. We just classify three

categories of vehicle which are motorcycle, small vehicle and large vehicle.

In this thesis, the system is programmed by java language for cross-platform.
Because java is high-level language, its efficiency is slow than other low-level
language. This problem we need to resolve. The accurate rate and efficiency of Image
detector have the relation of trade-off. We hope this system can reach high accurate

rate which is more than 80% and at the same time, it also can be implemented in



real-time.

The flowchart of study procedures in this thesis in illustrated in Figure 1.1. This

thesis consists of five chapters. Chapter 1 is to introduce the background of image

detector. Chapter 2 represents the fundamental image processing method used in this

thesis. Chapter 3 is about the development of system. Chapter 4 illustrates how to

extract traffic parameters and shows the result of detection. Chapter 5 is conclusion

and future work.
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Figure 1.1 Flow chart of research procedures in this study.




1.3 Literature Review

In traditionally, we usually use inductive loop detector to collect traffic data
because of its cheapness and stability. Although it is widely used in the world, it also
has serial drawback. It is an invasion detector which had to destroy pavement to set it
under roadway. While we destroy the pavement, the traffic is interrupted. If there are
so many loop detectors have to be set, it will influence traffic flow very much.
Because of this drawback, in the recent year, non-invasion detectors such as
micro-wave and image detector had been researched actively to resolve this problem.
Now they have pretty good results ofidata coliection. The comparison of detectors is

shown in table 1 and table 2.

=
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Table 1.1 Functions of different vehicle detector.

Type Image in
Loop Image
Micro wave RFID bad
detector detector
Parameter weather
Volume © © © © o
Speed © © © © o
Occupancy o © © © o
Headway o _1_@:';.--.{ Hop.. O S ©
| ; :‘-..-"!.- = :-- __', )
Pl I___"_. _:E ; J.'-'__._
p fj s
Queue length X / \X & © o
Turn ratio X — n . : © o
Category o \ @A © °
5 ‘—-‘w’% &
:_,_'._.."n s g lj_ .:-'g: 1]
Incident o
o o o © o
detection
Reliability high medium medium medium low
Accuracy high medium high high low
© Good
o  Median
X  Cannot




Table 1.2 The advantage and drawback of different vehicle detector.

Advantage

Drawback

Cheapness.
High accurate rate.

It is not easy to be destroyed by

It is necessary to elect site
carefully.

It will influence traffic flow when

people. we install.
Loop . . .
It is suitable to most sites. It is easy to be destroyed by heavy
detector .
vehicles.
It cannot to obtain turn ratio.
It cannot detect vehicle which
change lane.
It can obtain numerous | It is easy to be influence by
parameters such as turn ratio and | climate.
incident detection. It has to use different algorithm at
Image It can detect in multi-lane . day and night.
detector It supplies a visible mterface 10 [
user. '
r"“—"\' P
| _.-‘_‘-.__. d i'\l 1
| == ||
|
It did not to be 1n[f‘uenée hy Bxpensiveness.
climate & weathier. ' | || l'l {Itvwill obtain error data when
Its life cycle is long and almest | speed of vehicle is too slow.
did not need to be maintained. It cannot obtain turn ratio.
Micro wave | It can detect in multi-lands. Some vehicles will have false
Its volume is small. detection by its multi-path
High accurate rate reflection.
It can detect numerous
parameters
Its life cycle is long. Tag need to be glued to vehicle at
It did not to be influence by | specific angle.
climate and weather. It needs to be legislated by
RFID It can obtain turn ratio. government.

(semi-active)

The distance of communicat-

10n 1s moderate.

Its battery have to be changed
regularly




The development of image detector had a long time. In early period, there are so
many researches such as America WADS (Wide Area Detection System), British
UMIST, Australian VDD, French Titan, Swedish SRIT to develop image sensor
system. So many advance countries focus on this issue. Due to the advance of
computer hardware, the technologies of image detector have a lot of improvement.
The methods which apply to image detector system are many, but each of them has
the same target which is to make the accurate rate higher or increase the efficiency of

system. Both of accurate rate and efficiency,is trade-off. To balance them is important.
g iy

— ., )
niv is one of the famous commercial
<
1\'(."-'1 i

Resource: http://autoscope.com/

Figure 1.2 Interface of Autoscope.



It havd to be set the detection zone on screen by staff. When the vehicles pass over
the zone, the system will count traffic flows. This system used widely in the world
have powerful functions to process in a lot of traffic environments such as highway,
tunnel, intersection and not only can extract traffic data but also can detect incidents.
However, it also have drawback which is too expensive, and can’t obtain the turn ratio
because of limited detection zone.

In Taiwan, the researches about image detector started later, but in recent year,
more and more paper were related this topic. The drawbacks of image detector and
characteristic of detection had beensdiscussedswidely.. Chiao-Tung University had
cooperated with IOT (institute of traﬂsi;:é'f;t_e—);[.ion) to develop a system that can suit
traffic environment in Taiwan 21_p_d riesiolv-e:-thel éongesﬁon and climatic problems. It

will have the product soon, after the transference of technique.
The processes of Image detector have two important stage, vehicle detection and

vehicle tracking. Each of them has numerous methods to reach the same result. These

two stage is introduced as following.

10



Vehicle detection

This stage is to detect vehicle which appear or not. Traditionally, it has three main

types to segment vehicle from the image sequence. First method is to set some

detection points on image sequence. [Park et al. 1998] set ten detection points on the

image sequence. When vehicles pass through these points, pixel value of them will be

changed. In the early time, due to speed of processing, the method was often used on

real-time. However this method is influenced by noise easily because it just deals with

[Park et al. 1998]

Figure 1.3 Detecting vehicles by virtual detection points.
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[Gau 2005]

Figure 1.4 Detecting vehicles by virtual detection lines.

Second method is to arrange Vlrtual Fle'tegtlpn zone on image sequence. Autoscope

]
-I:. 01N

g T
= .

is to use this method. [Shiu 20@4]% virt {eteﬁtlon zone and uses the concept

can be extracted. This is aﬁ;ef‘f{;s; method J_a}l}éﬁhe first method, it just had

" .y i
- "y g i, T
/’_h“‘l‘-"% .
%Y 3

-1 7 AR |
. . . .. =« 5 .
ability to deal with specific area on m@ggjsgaqu}emce and can’t track vehicle.

[Shiu 2004]

Figure 1.5 Detecting vehicles by virtual detection zone.
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In order to obtain more information, the third method, full window method was

developed. Recently, more and more people use this method to extract more traffic

parameters. Full window method is complex and used different technique to process

image sequence. [Wu 2004] used background subtraction method which is widely

used by many research because of its fast work. Before using this method, we have to

generate a static background image from image sequence. However the method is

easily influenced by light change in the environment. The way to avoid this problem

is to update background image.

Background [mag:

Background

Road Mazk P
Subtraction

[Wu 2004]

Figure 1.6 Background subtraction method.

13



[Wu et al. 2007] used temporal different method to extract vehicle in traffic jam
conditions. This method which uses the difference of two or three current image to
segment vehicle from image sequence could resolve the problem of light change and
didn’t need to generate background image, but it is easy to obtain fractional objects on
image.

[Ferryman et al. 1995] use beforehand 3D model to match the contour of vehicle,
this method can resolve vehicle occlusion on image, and track vehicle at the same
time. However, we have to buﬂd;lr::{g?f_ﬁé}iﬂ%giones and many different angles of
models that are difficult to 111@_2:{% 3 = N B,

i
JE e

R

[Ferryman et al. 1995]

Figure 1.7 3D model based method.

Optical flow method used by is also a technique to segment vehicle from image.

Because vehicle is rigid object, the same vehicle in successive frame had the same

14



optical flow. [Yan 2004] used the coarse-to-fine structure to calculate optical flow that
can reduce the calculation and selected feature points to obtain more reliable result for
calculating 3D velocity correctly. This method also can resolve vehicle occlusion but

it is difficult to be implemented on real time due to the heavy computation.

In traditionally, we often use single camera to get 2D image. In recent year, there
are several researches which use multiple cameras to acquire 3D image for further

processing. Using 3D image can othlgE Enp;e accurate information about vehicle,

and also could resolve Veh],g’}e ’g_ al. 2007] and [Douret et al.
2004] obtain good effect {fpl;m ro ing: image to- xtract vehicle. It supplies
=] =
oy |
another way applied to 1magw (1?1\ . ,:“
e :*’-'-" i 4
P epegetol

[Hu et al. 2007] [Douret, J et al. 2004]

Figure 1.8 multi-cameras 3D volumetric method.
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Vehicle tracking

Vehicle tracking is an important process after segmenting vehicle from image.
Through this step, we can extract traffic parameters. From the literatures, the different
approaches for vehicle tracking could be classified as four categories which are model
based tracking, region based tracking, active contour based tracking and feature based

tracking.

[Koller et al.] use 3D models to ma &Lﬁwles and check vehicle on next frame. If

e e,
’I.-E o
vehicle on next frame is ma e th ation: o

f’ ‘the same vehicle in successive
'."" 7 -
P" *é".’ﬁ

v
to be able to have all detaile&‘gp@

?:'1‘ & ] e
_J:;Ec_ i }.ﬁ&

LE-E_:JE.-HE,J'} 1

[Koller et al. 1993]

Figure 1.9 3D model based tracking.
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Region based tracking algorithm which is a common approach to be used tracks
vehicles according to variations of the image regions corresponding to the vehicle
object. [Jorge et al. 1998] use Kalman filter to predict the next time position of
vehicle that can track vehicle accurately. [Wu et al. 2006] uses the centroid of vehicle
which have the minimum distance between different frame and some region object
information such as angle to track vehicle. Nevertheless, both of them can’t track

vehicle when vehicles are occlusive.

Trglrc_lilng Ima ei" . Fotre
| =y .- & R

-
b
T‘l

LK=1 |

[Wu 2004]

Figure 1.10 Region based tracking.

Active contour based tracking algorithm tracks vehicles by representing their
contours and updating them dynamically in successive frames. Using contour to track
vehicles is very fast because of its less computation. [Li et al. 2003] presented a study

on a stand-alone image tracking system for automatic traffic monitoring by active

17



contour technique. The drawback of this approach is when the initialization of contour

is failure, the tracking will make error. Initialization is the difficult part of this

approach.

[Malik et al. 1994] - . [linetal. 2003]
L g\ |
Figure 1.11 | Actiye: based, tracking.
< ;
"'i:ta f{-r.y & ﬁ-?‘\*

i 5
s 73

o &, W "
Feature based tracking algorit '-:;gaﬁ_lgﬁ jeﬁxpl@ By sub-feature of vehicle such as

distinguishable points or lines on the object instead of whole object. The advantage of
this approach is that even vehicles have partial occlusion, some features of vehicle are
still visible and can be used to track vehicle. [Beymer et al. 1997] used corner points

of vehicle as feature is successful to track vehicle by using Kalman filter to predict the

location and velocity of given corner points in next frame.
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[Beymer et al. 1998]

Figure 1.12 Feature based tracking.

I in tr fﬂc data collection become the

trend. Especially, image detector;a a urgeo {haf is used widely in the world
- f.-..

b o
= =

because of its high feasibility. It has severa'l adv,antages easy maintenance, numerous
parameters obtainment, adjustable detection region, friendly user interface. Although
there is many literatures to research this issue, they mostly focus on the road section.
Date collection at intersection is more important than road section. Besides, image
detector has some problems such as climate, night, shock, occlusion need to be

resolved. Image detection system still needs to be improved.
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Chapter 2

Fundamental image processing

2.1 Introduction

In this study, image processing is an important technique that we have to realize it
for dealing with image sequence. In this chapter, image acquisition process and image
processing techniques are introduced. These image processing techniques including
image segmentation, noise reduction; edge detection, morphological algorithms and
binary image labeling are the base ;)f method9lqu diseussed in this thesis.

g

2.2 Image Acquisition Process

An example of the digital image acquisition process is shown as figure 2.1. Energy
from an illumination source being reflected from a scene element then image system
collects the incoming energy and focuses it onto an image plane. The output of this
image system is digitized image which shall be denoted two-dimensional functions of

the form f(x, y). The function of image is illustrated as figure 2.2.
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HNumination

/
¢

Image system

A\

WORA K

Bt ] S

1 i Cutput-digitized image

Image plane

O R AR

Figure 2.1 An example of digital image acquisition process.

Pixel =f(x, y) =
f(1,4)

Height

Figure 2.2 A diagram of image function.
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2.3 Image Enhancement

In this section, image enhancement in the spatial domain is introduced. The
principal objective of enhancement is to process the image which has noise or gets
blur from sampling. Noise reduction is an important issue and has many approaches.
Before using them, we have to realize box filter which is illustrated as figure 2.3. The
mask of box filter have 3x3, 5x5, 7x7 etc. 3x3 mask is used in this study. f(x, y) is the

point we want to process, others is its eight-neighborhoods.

FO Ty DA f(x, y-1) T 3 1)

o W :
ery || ey ||| Ry

fix-1,y) fix, y+1) fix+1, y+1)

Figure 2.3 Pixel of image under 3x3 mask.

Smoothing Linear Filters

This filter sometimes is called averaging filter. It is simply the average of the pixels

contained in the neighborhood of the filter mask. The mask coefficients are shown as

figure 2.4. The processing is moving the filter mask from point to point in an image.

At each point(x, y), the pixel value is calculated by Eq. 2.3-1
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1/9 1/9 1/9

1/9 1/9 1/9

1/9 1/9 1/9

Figure 2.4 Smooth linear filters mask.

pixel(x,.y)"= (2.3-1)

Median filter

Median filter is one of approaches for reducing noise. It is an order-statistics filter.

The processing is to sort the pixel value of mask then pick the median as the pixel

value of this point. For instance, that 3X3 mask has values (80, 15, 100, 25, 30, 50, 65,

10, 20). These values are sorted as (10, 15, 20, 25, 30, 50, 65, 80, 100), the given

value to this point is the median of 30.
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2.4 Edge Detection

Edge detection is the operation of detecting significant local changes in an image.
This approach is also useful to image segmentation. Gradient used for detecting local
change in the image is the 2D equivalent of the first derivative. The gradient Vf of

an image at location(x, y) is defined as the vector:

of
Gx ax

Vi = {G}} o (2.4-1)
s ay

The magnitude V/ of this gradient is(given by
L ?
! . 2 ) 512
Vf = mag(Vf) = G;#G | (2.4-2)
In order to reduce computational burden because of squares and square roots, Vf'is

approximated by absolute values

v/~ G, |+]|G, | (2.4-3)

The direction of gradient vector also is an important quantity, it is defined as

d(x,y)= tan™' (%) (2.4-4)

X
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These derivatives can be implemented for an image by using masks shown in figure

2.5. These masks called Roberts cross-gradient operator.

Figure 2.5 Roberts cross-gradient operators.

., = ] B
2X2 mask is awkward to be_ki_tnpla" ed Wt does not have a clear center. A
o L g

g iy A =

better approach named Sobel opérator s’

ok |

2.6. o,
4
taa] Ly
1 0 1 1 2 1
2 0 2 0 0 0
1 0 1 1 2 1
(a) (b)

Figure 2.6 Sobel operators. (a) Sobel vertical mask. (b) Sobel horizontal mask.
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2.5 Image segmentation

Image segmentation is an important issue to image processing. In dynamic
sequence, how to segment moving object is we interest in. some useful approaches is

discussed as following.

Change detection

The most obvious method of detecting change between two frames is to compare
the corresponding pixel of two frames to.check whether they are the same or the
difference is very small. A binary diffeérence i.mage between frames F (t) and F (t+1)

can be obtained by eq. 2.5-1.

=

i &
_—
1

D(x,y):{l if | B0~ [,y + ) T 050

0 otherewise

where T is threshold.
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Thresholding

This approach is to observe the distribution of pixel value, and find the best

threshold to segment the object. Histogram of pixel values can help us to observe

distribution easily. In figure 2.7, it can be clear separated two parts from histogram.

[ o]
o
[ =71

e, LY ™
el
G

Depopeget
Figure 2.7 Gray histogram of starfruit.

a. Basic Adaptive Thresholding

This algorithm is focus on the property of pixel value on whole image to

automatically generate threshold value for segmenting object. The logic of this

algorithm is as follows:
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Step 1: Choose initial threshold values t to operate.

Step 2: Using t to separate two sets of pixel on whole image, one set is the
group greater than t we call it Gj, another set is group smaller than t we
call it G,.

Step 3: Compute the pixel value mean pl, p2 of G; and Go.

Step 4: Compute new threshold value T* which is given by
1
T*:E(,ul+,u2) (2.5-2)

to compute step 2-4 iteratively dﬂrﬂ,;_,ﬂ;‘lé difference of t and T* is smaller than
; S . ;
constant D, then T* is chosen _16 segment image for obtain binary image. This

algorithm is useful for the obvious distribution of pixel value.

. OTSU method

This approach is similar to above algorithm. The difference is the basis of

segmentation is variation of groups. To suppose pixel value of an image is

within 0~K. its histogram is shown in figure 2.9. The distribution of pixel value

can be separated into two parts G1 and G2 to obtain the minimum variation by

optimal threshold. The number of pixel value i is represented to n; and

N=nop+n;+......ng is the total number of pixel value. P (i) is the probability of
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pixel value i.

P(z‘):% , P()=0 , iP(i)zl (2.5-3)

P (i)

> Pixel value

0

e

T*

g

Figure 2.8  gray-level probability déflsity functions of two regions in an image.

The probability of group G1 and G2 are presented in eq. 2.5-4 & 2.5-5.

P(G) = ii*P(z’) (2.5-4)
P(G,)= i i*P(i)=1-P(G,) (2.5-5)

i=t+1
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The mean of group G1 and G2 are given by

u :Zt:i*P(i|G):ii*& (2.5-6)
5 YT 5 PG)
K K P(l)
u,=> i*Pi|G,)= ) i*—— (2.5-7)
’ Z ’ Z P(G,)
The variation of Group G1 and G2 are given by
0, ZZ(i_lﬁ)z*P(”Gl) (2.5-8)
i=0 -
4.9 "2' _
&, <1 2 1, NRRG | G} (2.5-9)
i=t+1
| ?n I: 5.

||
The variation and mean (_)vf_whp-&e g_rE)ups', ;s given by

o2 =3 i~ 1) * PO (2.5-10)

i=0

1, :ii*P(z’) (2.5-11)

The variation sum within each group is given by

o; =P(G)*c! +P(G,)*o; (2.5-12)
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The variation between each group is given by

O-zzg :P(Gl)*(,ul_.uT)2+P(Gz)*(,uz_,uT)2 (25'13)

The Subject of OTSU method to decide the optimal threshold is to minimize
the variation sum within each group and to maximize the variation between each
group. In generally, to maximize the variation between each group is used for
obtaining optimal threshold (Eq.2:5-14).

(2.5-14)

2.6 Morphological Operation

The basic of morphological operation including dilation, erosion, closing and
opening are used in this study. These operations aim at shapes on image region to

process or to describe them. The definitions of these operations are defined as

follows:
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Dilation
This operation is to enlarge the regions of binary image. The dilation of binary

image B by structuring element S is denoted by B S and is defined by

B®S={JSs, 2.6-1)

b‘B

ie

Erosion
This operation makes the regions of binary image smaller. The erosion of binary
image B by structuring element S is denoted byiB® S and is defined by

BOS ={b|b +'s < BYse S} (2.62)

Closing
This operation is to combine dilation and erosion. It can close up internal hole in

the region of binary image. the closing of binary image B by structuring element S is

denoted by B - S and is defined by

B.S=(B®S)OS (2.6-3)

This operation does dilation first and then does erosion.
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Opening

This operation is also to combine dilation and erosion. It is different to closing by

doing erosion first and then doing closing. Opening can remove the small portion of

region that stick out from the boundary into the background region, smoothes the

contour of an object and eliminates thin protrusions. The opening of binary image B

by structuring element S is denoted by B - § and is defined by

BoS=(BOS)® S

In this study the 3x3 rectanguléir mask is employed as the structuring element S as

~ Ny
\ P |
shown in Figure 2.10 _ (=8|
= |
AR |
1 1 1
1 1 1
1 1 1

Figure 2.9 Structuring elements S.
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2.7 Connected Component Labeling

The purpose of connected component labeling algorithm is to find connected
components in an image and assign a unique label to all the points in the same
component. After operating this algorithm in binary image, the geometric relation of
each component can be obtained from image. Clustering these points in the same
components can extract object from binary image. Obtaining this information can be

used for further process in this study.

Recursive Connected Components Algorithm
This algorithm is a recursive methbii,;lf scans ' the image point by point and

iteratively assign label until no-more unlabeled pixel which pixel value is 1 form

binary image. The procedure of this‘algorithm isqas follows:

Step 1: Scan the image to find unlabeled “1” pixel and assign it a new label L.
Step 2: Recursively assign a label L to all its “1” neighbors.
Step 3: Stop if there are no more unlabeled “1” pixels.

Step 3: Go to step 1.
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Sequential Connected Components Algorithm using 4-connectivity
This algorithm is different to recursive method. It did not need to recursively assign
label to neighbors. It just has to scan image few time to accomplish the labeling. The

procedure is shown as follows:

Stepl: Scan the image left to right, top to bottom
Step?2: If the pixel is “1”, then
(a) If only one of its upper and left neighbors has a label, then copy the label.
(b) If both have the same laBel, then co})ly the label.
(c) If both have different Iabels,.. théf__cqpy the upl-ver s label and enter the labels
1 m |
in the equivalence tabl_g as quiuiv-c:z-lenf,l Zabels. ..
(d) Otherwise assign a new .label to_this pixel and enter this label in the
equivalence table.
Step3: if there are more pixels to consider, then go to step?.

Step4. Find the lowest label for each equivalent set in the equivalence table

Step5: Scan the picture. Replace each label by the lowest label in its equivalent set.
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2.8 Summary

In this section, realizing fundamental image processing is important and helps us to
do some useful work. These approaches are the basis in further processing. Through
them, we can segment interesting object from image and analyze them. Some
approaches of image processing employed in this study will be introduced at next

chapter.

4=
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Chapter 3
Vehicle Detection System

3.1 Introduction

In this system, the main propose is to extract traffic parameters, traffic flows, turn
ratio and vehicle categories, at the same time can be applied in exist CCTV. Through
segmenting vehicle from video captured by DV, we can analyze it to obtain

information. In this chapter, system configuration, and pre-process are introduced.

3.2 System Overview [~ [

-

In this study, CCD camera is used for.capturing image sequence of traffic flow at
the cross intersection. The image sequence. is stofed in image which size is 320X240
pixels and format is JPEG to be processed later. The speed of Image processing is
decided by Hardware and software. In our system, general equipment is used, and the
programming language is Java which efficiency is slower than c++, however it has

numerous advantages.
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Hardware

A. Laptop:

CPU: Intel Pentium M processor 735A (1.7GHz, 400MHz FSB, 2MB L2 Cache)

Display Card: Intel Graphics Media Accelerator

Memory: DDR2 667 1G*2

HDD 60G 5400rpm

B. CCD:

JVC GZ-MG505U ﬁ"’ ‘

Figure 3.1 JVC CCD
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Software
A. OS:

Windows XP Professional

B. Programming Language:
Java
JDK 1.5
IDE: Borland JBuilder 2006
Java is an object-oriented, platform-indépendent, multithreaded programming
environment. The advantages of it are it«’f_'&'}pbe used in_different platform without the
1 m

problem of integration and it is (Qbust-: anci'-steady, so.it is more suitable to be used in

Traffic Control Center (TCC).

Environment analysis

In this study, how to extract traffic parameters at intersection is discussed. In the
past, the researches discuss how to obtain traffic parameters are always on highway or
urban roadway. In these three sites, the algorithms for obtaining data are very different.
In direct perception, the order of complex degree is intersection, urban roadway then

highway.
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A. Highway

Highway shown in figure 3.2 is the simplest traffic environment. The

characteristic of traffic flow here are the velocity of vehicle is very fast, vehicle

change lane easily, no motorcycle and the phenomenon of vehicle occlusion

occur less.

B. Urban Roadway

The characteristic of traffic flow on urban roadway shown in figure 3.3 are

that the velocity of vehicle is moderate, sometimes here has congestion,

vehicle change lane hardly, the direction of traffic flows is fixed, vehicle

occlusion often occur even traffic flow is low and motorcycle has to be

considered that increases the complex degree on roadway. Fortunately, the

direction of traffic flow is fixed and there are some approaches can deal with

the problem on road section.
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Figure 3.3 Urban roadway.

. Intersection

Intersection shown in figure 3 4£1$£11}‘e most complex traffic environment. It
i gl

g =k fg‘:v. -

directions of traffic »ﬂow i cle behaviors is more complex at
=
&8
intersection, we also li:e_]lve?‘ 058 ];\ép left turn. There are many
¢ o o &
QWY = Ay

vehicle groups to pass throu\gh ;Igersecl;}ap‘h“ﬁer the starting of green light that

make image processing become more difficult.

Figure 3.4 Intersection.
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The issue of Motorcycle
In Taiwan, the work to detect and track motorcycle is very difficult. The
characteristic of motorcycle flow is very different to car. It can be generalize three
points as follows:
A. High Velocity
In generally, motorcycles usually pass through intersection by high velocity
unless the traffic flows is heavy. Because of this characteristic, centroid of
motorcycle object on image has higher displacement.
B. High Maneuverability
Motorcycle has high maneuvéf%il_ﬁjr because of small volume. They can
easily through into the space biet:weé:r-l tw.ld Vehicies, and overtake front vehicle,
so if we employ virtual zone tb detect, it will occur false alarm.
C. Complex Trajectory
Because of high maneuverability, Motorcycle trajectory is very complex and

its location is difficult to be predicted next time that increases the difficult of

tracking.
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Because of these three characteristics, tracking motorcycle becomes more difficult.
Two-step left turn also cause tracking become complex. Another problem is that
motorcycles often pass through intersection in groups. This phenomenon make
vehicle occur occlusion easily. It is impossible to segment each motorcycle clustered

at intersection.

System Procedure

The procedure in this study consists,of six stages: pre-processing, foreground
segmentation, shadow removal, occlusion res@lution, tracking and traffic parameters
extraction. The flow chart of procedure 113_'-14hls study!is illustrated in Figure 3.5. Each

1 M
stage is introduced as follows: W

A. Pre-Processing stage:

Pre-processing is implemented when this system is installed at new site.
Before detecting vehicle, we have to do some works including background image
construction, environmental geometry information acquired by camera
calibration. Background image construction is for the purpose of foreground
segmentation. Camera calibration is for the purpose of vehicle identification.

B. Foreground Segmentation stage
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After pre-processing is completed successfully, the next stage is to detect
moving object on the image. These moving objects are almost vehicles or
pedestrian. In this study, pedestrian did not be considered.

. Shadow Removal stage

At day time, if sunlight is strong, it is possible that the shadow of moving
vehicle will be considered as foreground moving objects and this result will
influence the accurate rate of system. As a result, it is necessary to remove
shadow of moving vehicles.

. Occlusion Resolution stage

This phenomenon of occlusion ocb'g.rs .easily at intersection even traffic flows
is low. When occlusion 1s oci:c:urré:(-i, rlere than two moving vehicles are
considered as one moving objeét extracted from image.

. Vehicle Tracking stage

This stage is most important in this system. In this stage, corresponding
relationship for each segmented object over time will be linked to obtain the
trajectory, vehicle direct, and velocity information of each tracked vehicle.

Traffic Parameters Extraction stage

After operating these stages above, the final stage is to extract traffic

parameters from analyze the information obtained by foreground objects.
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Traffic parameters Extraction\

Background
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_

Figure 3.5 Flow Chart of System Procedure.
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3.3 Pro-processing

This stage includes background construction and camera calibration. The detail and

result is shown as follows.

Background Construction

Background subtraction method is used for segmenting moving object in this
system, so the first thing is background construction. In traditionally, statistic methods
such as mean, median, majority are mostly. used. In the recent year, single Gaussian
model method [Kumer et al:2002] which is .to save each pixel value as Gaussian
model used to segment foreground is prog‘@sed The charaeteristic of statistic methods
is that they need long time to tr.ain_ the bacl:;rouﬁd image. Averaging image which use
mean is common method but it also .considér the pixel value which is non-background.
The result of this method is influenced easily by noise and the quality of background
image is bad without enough samples. Median method is influenced easily by extreme
pixel value. At the same time this method need to order the pixel value that is
inefficient. In generally, the pixel value which often appears is the background pixel
value probably, so we can use majority to obtain background pixel value but this

method also have the same problem as median. The advantage of these three statistic

parameters had discussed in [Lin 2007].
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In this thesis, progressive background construction [Wang 2002] is used. This
approach which can fast construct background is correctional method of majority. It
eliminates non-background pixel value, and calculates the majority of background

pixel value.

D,y presented in eq. 3.3-1 is the difference of two successive frames at location (x,
y). If Dy yis lower than threshold 7, pixel value at location (x, y) is background pixel
value, the other is non-background pixel value, Partial-background Image is the image
without non-background pixel value presented.as eq. 3.3-2.

=
-
g

D).G,y,f E:| Ix,y,t'. |/ I'x,y,t—l | (3.3-1)

if D, <T, (background)
D, >T, (non—background)

X,

1
Partial-background Image(x,y,t)= { x(,;/,t

(3.3-2)

Where T is a small constant.
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After obtain the partial-background Image in different time, to calculate the
appearance number of each pixel value and noted them on confidence table. To
refresh confidence table over time, we can generate background image quickly from

confidence table.

Confidence value v (?) is calculated by eq. 3.3-3. If the pixel value on confidence
table appears again, the confidence value of it will be raised. If the pixel value on
confidence table did not appear, the. confidence value will be decreased and
eliminated until the value is lower than Zzero. a.is pixel value on confidence table. 4, D

and K are small constant.

=
-

g
" o

v(t)=v(t-1)+ A5(Differénce-lmage(t), a)—-D  (33-3)
0<v(t)LK

D< A< K

1 |I-rkA

0 otherwise (3.3-4)

5(1,1"):{
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According [Wang 2002], A=3, D=1, K=10 are used in this system. : 06 (/, r) is the

function of difference-Image and confidence table. If the difference of confidence

table pixel values and Difference-Image pixel value is lower than small constant A, we

give it “1” used in eq. 3.3-3, others is given zero. Once the difference of confidence

table values and Difference-Image are all greater then A, we have to generate new

confidence pixel value into confidence table and set its confidence value 1.

False

construction

Figure 3.6 The result of averaging 1000 Frames.
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Histogram of pixel value

Pixel (x, y)

Partial-background Image

Confidence table

— -

Confidence | |! Linked List
Location Pixel value I :
value Lk ]

(0,0) 60 6 L—> 57 5 | —
(1,0) 50 3 J
(2,0 50 10 i
(3,0) 55 7

> 57 1
(320,240) 155 10

Figure 3.7 A diagram of confidence table and partial-background histogram.
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(c) Frame 30 (f) Frame 80

Figure 3.8 Procedure of background construction. (a) - (¢) Background image in

different time. (f) The final result of background image.
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Adaptive Background Update

The illumination in outdoor will be changed with time passing, so just a static

background image cannot cope with all situation at intersection. In order to resolve

this problem, adaptive background update approach shown as eq. 3.3-5 is used in this

system.

m—1

1
Background(x,y) = Background(x, y) +—current(x, y,t)
m

(3.3-5)

Background is updated in every tirﬁé;ifgl_}éfe m 18 an integer. If the value of m is

: ¥ E . ;
chosen too large, the result of back_g%ourid update-will be unobvious that lose the
purpose of background update. On' the other 'hand, if the value is too small, some

noise is considered that will make errors in our processing. The appropriate value is

necessary in this system. According to [Huang 2004], m is 8.

In order to avoid the error, background update just considers the pixel value at

location (X, y) without moving objects.
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Camera Calibration

3D object via camera to project on the image pane, the image pane is 2D coordinate
but true world is 3D coordinate. Because of the projection, the relation of scale on the
image is different from true world. In order to obtain the relation of scale in true
world for identifying category of vehicle and measuring velocity, camera calibration
is necessary. [Bas and Chrisman, 1998] proposed an easy approach that can use
camera calibration for traffic monitoring. This approach does not need staff to
measure on site. Massachusetts Institute of Technology had used this calibration to
measure the velocity of vehicle and Veriﬁ.ed this “approach can work well for
measuring velocity within 1%~2% 'ef;b'g'_ir_éte, so it is adopted to transfer the
perspective image to top-view ir_page; in this syétem.- Figure 3.8 is shown the transfer
from world coordinate and image .world coordinate. The relation of scale can be

expressed as following equation [Bas and Chrisman, 1998].

X, cos@—Y, sin@

X =
’ fchosrsinc9+YWcosrc050+(h/sinr) (3.3-5)
B —X , sintsin@-Y, sint cos 6
X, costsin@+Y costcosO+(h/sint) (3.3-6)
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X;, Y;is the coordinates of image obtained by equation 3.3-5 and 3.3-6. This transfer

is used for the world image coordinates after obtaining the world coordinates X, Y.

The relation of world image coordinates and camera coordinates is shown as eq. 3.3-7

and eq.3.3-8.

_ —(Y;sinf - X,cosOsint)h

X, : ;
sint(¥,cost + fsint) (3.3-7)
v - =(Y, cos 0 =X sin@sint)h
d +sint (Y, cosz +.f sint) (3.3-8)

i
According to [Bas and Chrisman, 1998],'the. orientation angle, the tilt  and the pan

6 can be automatically by following equation without investigation in advance. This

approach is very useful for fixed camera which angle can be adjusted by staff.

__ vanish

tant (3.3-9)

X, .
0 —_ tan( cosT vanish )
f

(3.3-10)
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Where fis focal length of camera, Y,uisn, Xvansn 18 the vanishing points on 2D image

coordinates shown as Figure 3.11. Vanishing points is decided by two parallel lines in

the world. In this study, the two parallel lines is crosswalk line at intersection.

World Image coordinates

(Top-view Image) @

v \
[ WX

\ >
== Y
b8
1 \\
"I. \\
' by

' \ Zw
Camera coordinates

Yuw

World coordinates

Figure 3.9 Relation of camera coordinates, world coordinates and world image

coordinates.

55



F 1gur§;j§ ldf view mefa setup
F¥/ .o\ %

N
Tilt angle |
1
: H
1
'l (Height)
:
o '
e 1
Phe 1
-~ /’ v
P
< ———— " —"—"—"———— >
Field of view

Figure 3.11 Side view of camera setup.
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Vanishing point

Figure 3.12 Vanishing point displayed on intersection image.
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Figure 3.13 Top-view image.

parameters about top-view 1ma&%<.\

N S Y 4
b ORI
‘e‘-:yhf.?];;jihﬂ'
v Dy Dy X;+Dy-Dy-Yg—Dy-Dy-X;-Dy Dy Y5 (3.3-11)
vanish D;( . D}% — D; . D)Z{
Dl
Y;amsh (Xvanish - X;' ) + Y; (33-12)
DX

Each line has two points, starting point and ending point. (X ,Y!) is the
coordinate of starting point of ith line. (X, Y;) is the coordinate of sending point of

ithline. D' ,D, is the difference of X, Y coordinate of ith line.
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Figure 3.14 User interface of top-view image transfer.
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3.4 Vehicle Extraction

In this section, foreground segmentation, shadow removal and occlusion resolve is

introduced. Vehicle will be extracted completely after these procedures.
Foreground Segmentation

Static background subtraction was used in this thesis for subtracting foreground
because of fast computational efficiency,.so first to build a static background Image is
necessary. We can start to do image processingsafter getting background image. The

equation of subtracting object at location. (E';,y) is defined as follow:

0]

D@1, (0B, | (3.4-1)

(3.4-2)
0 otherwise

1 ifD_()>T

Object(x,y) :{ /Dy, ()
1., (?) is the pixel value at location (x,y) on t time. By, is the background pixel at
location (x,y) . The difference D, (2) for each pixel of current image and background
image at t time had to be calculated. If the difference is over than Threshold 7, there is

change on the background and it maybe exist moving object. By binary image Fig
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3.14 (b), the object is segmented from image successfully.

(a) (b)

Figure 3.15 Foreground segmentafiéfé'n%(__z-i_). Difference image. (b) Binary Image of
. : _differen;é imége.
A. Dynamic Threshold.

How to decide Threshold for separating background and foreground became
binary image is important. If the chosen threshold is too small, the noise will be
considered as object. Oppositely, the decided value too large, the object will
lose or lead it become fragmental. If system only uses a fixed constant, the error
will become more and more and hard to detect vehicle exactly, using adaptive

threshold to resolve this problem is necessary. An approach proposed in this

thesis can do a well work to solve this problem. This approach is to analyze the
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histogram of difference image. The indexes of our analysis are mean and

standard deviation. The large regions on the image sequence are background,
foreground object is few. The most of difference is near to zero and the values
have concentrated trend. Because of this phenomenon, equations which present

as following for obtaining adaptive threshold value is designed in this thesis.

,color =r,g.,b (3.3-3)

= Mean,,, +SD,, .

Téolor color

(3.3-4)

-
i
=
=

SD is standard deviation. '1;«}:1 t

n
S

41

.
- e

the Tioor which calculate the mgair;i a}hdzs;fand'é{rd deviation of three colors, red,
Sy oy

green and blue.

L\.
o 5 By % T %
W M. | Ma.. '13_ |
e B s BEE 5|
& — - A =

Figure 3.16 RGB Histogram of difference image.
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This approach can also resolve AES problem and floating cloud. AES is a
function of CCD. When pixels values have higher or lower illumination in
larger region CCD will automatically adjust the illumination to reduce the
contrast. However this function will influence the result of background
subtraction. In order to avoid this situation appearing, it is necessary to do some

processing.

Floating cloud also make the problem like AES. When a large area of cloud
floats through the intersection in'the skyyut will make the illumination of scene
quickly lower. This problem stili hé%',{_.lg_i__résolve b}; above approach.

In figure 3.16, to compare tb these two frames, it can be easily observed that
the illumination has changed between two frames. On frame 6037, the threshold
value is 30 to make it become binary image which result is figure 3.17(b). The
threshold value can does a well work, but on frame 6067, the illumination has
been changed. If the threshold value still uses 30, the result is figure 3.17(d).
The noise of this result image appears a large number. If this problem do not
process, the result after finishing all image processing is figure 3.18. It is hard to

extract object from image.
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The analysis of frame 6067 difference image is shown as figure 3.18. After

analyzing RGB color domain, we can obtain the threshold value 52. Using

threshold value 52 to segment object from background can obtain good result as

figure 3.18(d).

1)

Y

(n

b 4 (b) 6067" Frame.

(2) 6037 Frame. .

S

Figure 3.17 The image with illumination change.
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(©) ' (d)

Figure 3.18 The result of fixed threshold value

Figure 3.19 The result of frame 6067 after all image processing without dynamic

threshold.
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Mean 26
Stev. 27

Mean 27
Stev. 27

(a)

Figure 3.20 Result of frame 6067 by dynamic threshold. (a)-(c) the analysis of RGB

on frame 6067 difference image(d) binary image by threshold value 52 .

(b)

(d)

B. Morphological Processing

After preliminary foreground segmentation, most region of object can be

obtained. Next step is to do morphological processing. Although dynamic

threshold approach can work well for object segmentation, it may still have
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some noise existing on binary image. The noise maybe are caused by the

illumination change, weather change, the motion of background object (e.g. tree

leaves) and small vibration of camera. These noises have to be eliminated from

the binary image. Morphological processing includes opening and closing

which are introduced in section 2.6. Opening smoothes the contour of an object,

breaks narrow isthmuses and eliminates thin protrusions. Closing smooth

section of contours, fuses narrow breaks and long thin gulfs, eliminates small

holes and fills gaps in the contour, The result of morphological processing is

shown in figure 3.19. Through.this approach; we can see the object extract from

background become smoother and heise is reduced.

(@) (b)

Figure 3.21 Morphological processing of frame 6037. (a) opening (b) closing
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C. Blob Analysis

This stage is to cluster the same component of object and to analysis
information of object. After morphological processing, the foreground object is
almost segmented. For human eye, we can see where the moving object is easily.
However, for computer, any information of the object region is unknown, so
blob analysis is help computer to obtain the information of each region about
moving object. The objective of bob analysis is to obtain the geometric
information of each region which is.the geometry of rectangular bounding box
enclosing each object region. The area atid size of each object region should be
measured. Therefore, in the begintiing of| blob! analysis, the first work is using
connect component labeling'to assién unique-label to all points in the same
component or region (see secﬁon 2.7). After blob analysis, the center point of

rectangular bounding box and region area can be obtained for further processing.

The result is shown as figure 3.22.

Enlarge region

1
:
1
AT ' Height=33
e IRegion area
|
|
1= 819 pixel
:l;
Width=38

Figure 3.22 Result of blob analysis.
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D. Hole-Filling

Although closing can eliminate small hole and fill gap in the contour, it may
still have small holes in the binary region after morphological processing
because of the big hole in original contour and broken object. In order to extract
a complete object form image for obtaining accurate information to further
analysis, hole filling is proposed in this study. This approach which scans
upward to downward and rightward to leftward in a enclosed region of object to
find gulfs and holes can fill the inside hole and smooth section in the binary
region. The result of hole—ﬁlling 1s shown as figure 3.20, we can observe the

region of red circle. It is obvious fto @dﬁthe change of vehicle, the hole is filled.

i
I -

Figure 3.22 The result of hole filling.
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3.5 Shadow removal

Moving shadow is always a problem that will cause the false detection of object
and vehicle tracking error. This problem often occurs on the morning, nightfall and
sunny day. In figure 3.23, we can see the shadow is thought as object region and to
connect two vehicles on the image. There are many researches to discuss about it. In
the pass, the process of shadow removal is complex and wastes a lot of time. So we
want to develop an algorithm that can be easy and quickly work on real time.
Shadow

Shadow occurs when the object totally or p.artially occludes the light coming from
the light source. Shadows are composédf;.j_é%f:__-‘t_Wo parts, self shadow and cast shadow.
Self shadow which is not illurﬂigateq by tIZe ligﬁt sour.ce 1s part of object, so it would
not be processed. In this study, we jﬁst care about€ast shadow because its influence is
more than self shadow. Cast shadow has two parts, umbra and penumbra. Umbra is
dark black region of shadows where direct light is occluded completely by objects.
Penumbra is the light black region of shadows where direct light is occluded partially
by objects. The type of shadow is shown as figure 3.23. In this study only penumbra
is processing because it often occupies large region in cast shadow and has large

influence. Umbra losing color information completely is hard to remove well. At the

same time the influence of umbra is small.
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Figure 3.24 Types of shadow.
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In order to remove shadow points, to know the property of shadow in digital image

is necessary. The properties of shadow as following have three parts:

1. The sequence pixel value of shadow is lower than background pixel value.
2. Shadow almost has no color information, and the hue is similar to
background.

3. The gradient of shadow is similar to background.

According these characteristic, am" approagh4s proposed in this study which
procedure is shown as Fig 3.34. Only .fg)Ject region, 18 processing for increasing
; S . ;
computational efficient. The ratie ‘of] ¢urrent image and background image got from
gray pixel value to be stored a statistic model'is used in this processing. After

analyzing the model, the mean and standard variation can be extracted from this

statistic model.

Because the value of pixel is decided by the product of illumination and
reflectance, at fixed coefficient of reflectance, the pixel value of shadow will be
proportional to background pixel value. Eq. 3.5-1 is presented the relation of shadow

and background. C is a constant. If the ratio relation could be found, shadow points
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can be removed from background. Therefore, the next stage, statistic analysis of pixel

value ratio is implemented for finding the ratio relation.

Shadow(x,y)=C+B(x,y)

Current image &
difference binary Image

) %'E]?_I-:h;_) — ;;ﬁﬂ“ﬂw‘j

Statistic analysis

Shadow removal

Figure 3.25 Procedure of shadow removal.
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Statistic Analysis

Shadow on the image occupy lager region of object, and most of shadow ratio to

background are nearly. According to this characteristic and eq. 3.5-1, storing the pixel

ratio to statistic model, we could discover the most part of distribution are shadow, the

other are objects. It is shown as figrue 3.25.

count Shadow region

Object

ratio

Figure 3.26 Pixel value ratio distribution.

According to pixel value of shadow points is lower than background pixel value at

the same location and the statistic model of ratio, Equation 3.5-2 & 3.5-3 proposed in

this study which can remove the shadow well and quickly. Parameter a in equation

3.5-3 is a constant, the value is designed to 0.75 by experiments. The finally result

with shadow removal is shown as figure 3.27 and the ratio distrution of figure 3.27 is

shown in figure 3.28.
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Shadow(x, y) =+

-

1 i current(x,y) < background(x, y)
& Thl <ratio(x,y) <Th2
0 otherwise

. (3.5-2)

Thl = Mean .. —asSD

ratio ratio

Th2 = 'Mean +a’SDratlo (3.5-3)

* i

Figure 3.29 The result of shadow removal.
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3.6 Occlusion Resolution

Because of camera slanted angle, vehicle occlusion would occur in digital image

that is shown in figure 3.29. This phenomenon is happened when vehicle occlude

partial or total another vehicle, vehicles are connected each other on the frame. In

human eye, vehicle can be separated easily on the frame when vehicle occlusion is

happened. However, for computer, when vehicle occlusion is happened, occluded

vehicle would be thought as the same component of another vehicle covering it. That

phenomenon would cause error of measuring information from object. According to
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observant, even though traffic flow is low, vehicle occlusion would be happened
probably. In order to resolve this problem for robustness of system, an approach used

spatial analysis of region is proposed in this study.

Spatial analysis
In the past, vehicle occlusion can be resolved by feature tracking such as using
corner points for tracking. Another way is using optical flow to group the same vector

of object. However, using above methst,,js___ fneeded to do complex calculation and
T

5 L 1...:3_ _ki-;_ & :

4. 2 = . ..
spend a lot of time. In order to Wusﬂ}g spatial analysis is a way to
b !..-\"-.' (ﬁ_ G
P '] kv“ e -
N e

L] i =
reach the same function and has

Figure 3.29 Vehicle occlusion.
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The first step, to check object is necessary to split or not is important. We have to

analyze the width of object in the rectangular boxing after component labeling. If the

width is larger than average width of vehicle (shown in table 3.1) and pixel ratio is

small than threshold value then the next step is preceded.

Next step, the four extreme points composing of object rectangular boxing is

connected to find the short line. If the ratio of short line and longest line is lower than

threshold value, the processing of spilt.is.necessary to be operated. The ratio is

defined as following where Dj, D; ﬁ_rc the distaﬁce'_'df the shortest and the longest line.

a2

| !IE_:.-;.-\ |

(== || |I

limetratio =/~ (3.5-1)
S D) ;
Table 3.1 Average length and width of different vehicle.
Category Average Length Average Width

Sedan 4.31 1.62
Van 4.78 1.66
SUV 4.46 1.71
truck 6.87 1.92
City Bus 10.86 2.46
Motorcycle (50cc~125¢c) 1.75 0.65
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Split procedure

In this study, vehicle occlusion is classified four kinds, vertical occlusion
horizontal occlusion, left slanting, and right slanting which is shown in figure 3.31. If
the object is thought to have occlusion then the non-object region in the rectangular
boxing is projected in four different directions, top, underside, left, and right for

finding breach to split object. The four directions projection is shown in figure 3.32

Through the projection of non-object region we can find the characteristics of breach

which is presented as following.
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Figure 3.30 Extreme points of rectangle boxing.
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According these two characteristics, if absolute difference of each two adjacent

points in the projection has the largest value, the point is the breach point. If the point

has the largest peak value except for extreme points, it would be thought as breach

point. After finding breach points, connecting them for splitting occluded object

which is shown as figure 3.33, then the object is re-labeled for obtaining the region

information. The flow chart of occluded vehicle split is shown as figure 3.34.
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Figure 3.32  Projection of non-ebject region in four directions.
g
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Breach

(b)

Figure 3.33 Splitting vehicle by breach points.
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Labeled object

If pixel value < threshold

If line ratio < threshold

Spatial analysis

Split occluded vehicle

Figure 3.34 Flow chart of occluded vehicle split.
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3.8 Vehicle Tracking

In order to obtain the traffic parameters, vehicle tracking is an important procedure
in vehicle detection system. When objects were extracted from background, computer
did not know the relation of the same object in different time frames. In order to
associate the same object in different time frames, to compare the relation of previous
time object to match the same object in different time frames is important. If the
relation of each object in different time can be realized then we can obtain the
trajectory of each vehicle and extract traffic.parameters such as turn ratio, traffic flow
and velocity. Vehicle tracking is a precedure torassociate the same object in different
time frames. s

In this study, the approach whiéh scarches ja’ fixed range to find the minimum
distance of two objects in this boxing region is used. Figure 3.35 is illustrated a t time
object to search a fixed distance in boxing region. Eq. 3.8-1 is presented the minimum

distance of two object region which center locations are (xi, yi1), (X2, y2).
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Figure 3.35 Region tracking.
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Because this system have to track.motorc'yclé, just using minimize cannot satisfy
with the demand. According to the characteristics of motorcycle, high mobility and
high velocity would make the initial tracking error by using minimum distance. So we
have to add some estimation rules. In this study, extra estimation is to use the region

area, and the pixel value for tracking accurately. The flow chart of matching object is

illustrated as following figure 3.36.
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Is the gray pixel
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Object is matched

successfully

Figure 3.36 The rule of matching object.
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Before operating vehicle tracking, we have to initiate the tracking data on frame 1.
So vehicle tracking is begun on frame2. The procedure of vehicle tracking is shown in

figure 3.37.

After matching all vehicles for associating each vehicle in different time frames, we
have to establish the information of each vehicle. In this procedure, there are two
important steps which are to add new vehicles information and remove the data of
vanished vehicles. If existing object on current frame did not match any object in
previous time, this object would be_thought ainew coming vehicle on the frame. So
we have to establish new data about'i't.‘:@r;ﬁrther tracking. If a object existed in

; S . ;
previous time frame did not mateh al_l}:’ object in current frame, this object is thought

disappeared. So we had to remove-its’ traékmg data to avoid causing tracking error.

The result of vehicle tracking is shown in figure 3.38.
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Figure 3.37 The procedure of vehicle tracking.

88



Chapter 4

Experimental Result

4.1 Introduction

In this chapter, the experimental results of vehicle detection system are shown. This
image detection system can obtain traffic flows, turn ratio and the drawing of vehicle
trajectory at cross intersection. The image sequence is captured in the daytime which
have morning, afternoon and nightfall tested by this system.

The experimental site in the daytim;e..;usifét"the cross intersection of Chunjing road
and Gongjheng road in the' Luodong, Yilan'shown in figure 4.1. At night, the

experimental site is at the cross intersection of Baoping and Yongzhen in Yonghe city.

In section 4.2, the main user interface and coordinates transfer are introduced. In
sections 4.3, the results of proposed approaches will be displayed. In section 4.4, the
experimental data and accurate rate table in different tested video will be displayed.

Finally, the results of this system will be analyzed.
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Figure 4.1 Experimental sites.
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4.2 User Interface

User interface in this system have two types, Main Ul and coordinates transfer UI
which are introduced as following.
Main Ul

Main User Interface of proposed image detection system has three main parts. First
part is to show the tested image sequence and let us know the results of image
processing. Second part is to display the tracking trace that can let us know the
weaving at intersection. Third part is to_count the traffic flow in four directions. Each

direction has three different ﬂows,I llefty straightrand right. M, S, B denotes motorcycle,

"\ %

compact vehicle and full-size vehicle. Tﬁ;fs}jégérface is displayed in figure 4.2
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Figure 4.2 Main User Interface.
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Coordinates transfer UL

Before implement the Main User Interface, we have to obtain basic parameters by
Coordinates transfer User Interface presented in figure 4.3. In Coordinates transfer U,
there are four main parts. First part is to show the image to be had coordinates transfer.
We have to draw two parallel lines in true world on this image. Second part is to
display the result of top-view image. Third part will show the information of
vanishing points coordinates. Forth part are the bar we can adjust to change the

parameters value. While parameters arefqgjg,s,‘gpd, the result display in real-time.
1) R Ao ,K::lﬁ:_?.
¥ -

Vo

% 'f_.'.. _&:- ’-'-'T'._-_, .

H I:l:
tau I:l
2. .‘,4. TOPH:
TOPY

Q

Figure 4.3 Coordinates transfer User Interface.
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4.3 Approach Result

Background Image

Background construction at intersection is difficult than general road section. We
are hard to obtain the complete whole background because of the waiting car. Forbye,
we are just interesting in intersection region not road section. Even if the background
image exist car on the road section, it would not influence the processing result. We

only need to obtain the complete background of intersection region. Three

[Nin fternoon and nightfall are shown in
" _._:!.‘:;-'}-.

S, :

figure 4.5.

Figure 4.4 Intersection region.
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Top-view Image

We need to have the information including the height of installed camera, vanishing

point coordinates and tilt angle beforehand. After acquiring these parameters, we can

obtain pan angle and focal length for coordinates transfer. The finally result of

coordinates transfer for becoming Top-view image and its information is displayed in

figure 4.6.
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Figure 4.6 Top-view image and their information.
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Dynamic threshold

Dynamic threshold has a benefit for increasing the robust of vehicle segmentation

that can eliminate much noise on binary image to acquire good effect especially when

it combined background update. In figure 4.7, we can see the obvious result at T+3

times.

Figure 4.7 The results of vehicle segmentation with dynamic threshold.
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Shadow removal

After using the approach of shadow removal proposed in this thesis, the most
region of shadow had removed. The good result is shown as following figure. In
figure 4.8, even motorcycle can be extracted after using shadow removal proposed in

this thesis.

Figure 4.8 Result of shadow removal.
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Occlusion resolution

In our experiment, the occlusion of vehicle usually happened in horizontal flow. We
can see the upper write car was occluded by under black car in figure 4.9 then these
two vehicles are thought as the same object in image detection system. The result of
occlusion resolution is shown in figure 4.10. After processing, these two joint vehicles

are thought two vehicles.
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“n e e . e u s

ift IRERRICAN. Wi, dt WHBRGRRICH, Wt @ WIHEERRIE, ‘|itt1§
= Wi = \

: Bl
MR L Mty
mlu;: l -:I i m L ‘li‘it}i

Figure 4.10 The result of occlusion resolution.
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Vehicle tracking

Vehicle tracking is very complex at intersection because traffic flows have different
directions. In this thesis, there are three tracking types at intersection, horizontal
tracking, vertical tracking and slanted tracking. When vehicle had been tracked we
could obtain the trajectory of vehicle shown in figure 4.11.

In this thesis, vehicles were classified tree types, motorcycle, compact vehicle and
full-size vehicle. The definition of Full-size in this system is the length vehicle more

than 9 m. Red trajectory denotes motor(;y?lq. Blue trajectory denotes compact vehicle.

Green trajectory denotes ﬁlll-s‘ize/ ) :.'_;
& o < :;

_v_i._ii-‘35’!3;55335’15:‘;!’: il o éﬂﬁﬂh.iii L

T 1‘!%‘21 - riﬁ‘ﬂliilll‘

(b)

URGIEEH,

Figure 4.11 Vehicle tracking. (a) Vertical tracking. (b) Horizontal tracking. (c) Slanted

tracking.
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Drawing of vehicle trajectory

By the drawing of vehicle trajectory, we can see the weaving at intersection. The

drawings are shown as following figures.

e W

Figure 4.14 The drawing of vehicle trajectory during 1000 frame.
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4.4 Experimental Estimation

In this section, the experimental estimation of traffic flow and turn ratio in three
tested time are displayed. Motorcycle flow in this system just considers straight
direction and right turn direction.

Accurate rate (AR) is defined as following equation 4.4-1. Estimation is the

calculation of proposed system.

|estimation —actual data|

AR(%)=1- - -
o) ( actual data (44-1)
o Wb L T Vleft'
Left turn ratio-= (4.4-2)
= Vto tal
Right 'tui’h ratio'= 5 A (4.4-3)

total

Viota, Vier and Vg, are traffic volume of total, left and right in each direction.

Because motorcycle need two-step turn left, the left turn flow was thought another

straight direction in this system.
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Morning

The time of Tested video in the morning has 15 minutes. Table 4.1 display the

total traffic flow of motorcycle, compact and full-size vehicle at intersection

The accurate rates of three type vehicles are more than 95%.

Table 4.1 Total traffic flow of three types vehicles in the morning.

A. motorcycle

.-'\' »

Y

b ,
N

Motorcycle Small car Full-size vehicle
Detection data 215 409 12
Actual data 224 416 12
Accurate rate 95.98% " 198.32% 100%

_\ A |l W
The motorcycle estinj\,a:t"iqri Pf tr_afﬁc]I kpw."and turn ratio in the morning are

displayed in table 4.2 and tablet 4_.3. Acciirate rates of motorcycle volume are

all more then 80%.

Table 4.2 Traffic flow of motorcycle in the morning.

Left Straight Right
D|A|AR®%)| D A |AR(%) | D A | AR(%)
Approach 1 X 64 60 | 93.33 0 0 100
Approach 2 X 36 34 | 94.12 1 1 100
Approach 3 X 77 93 | 82.81 0 0 100
Approach 4 X 38 37 | 97.30 0 0 100
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Table 4.3 Turn ratio of motorcycle in the morning.

Left turn ratio Right turn ratio
D A AR(%) D A AR(%)
Approach 1 X X X 0 0 100
Approach 2 X X X 0.0270 | 0.0286 | 94.41
Approach 3 X X X 0 0 100
Approach 4 X X X 0 0 100
Approach 1 Approach 2
;| 1
M Straight m Straight
1 Right [ Right
W Average W Average
Straight Right Average Straight Right Average
F A W =
Approach 3 H Approach 4
%g ‘ 100415575 \ %g 97:2973— 100 98.6487
g M Straight I g M Straight
gO I Right él [ Right
%g W Average %g W Average
Straight Right Average Straight Right Average
Average
100
]: J1.665906
M Straight
 Right
Straight Right

Figure 4.15 The accurate rate of motorcycle volume on each approach in the morning.
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B. Small vehicle
The small car estimation of traffic flow and turn ratio in the morning are
displayed in table 4.4 and table 4.5. Except for right turn, other directions of
accurate rate are more than 80%.
Table 4.4 Traffic flow of small car in the morning.
Left Straight Right
D | A |AR(%)| D A | AR(%)| D A | AR(%)
Approach 1 | 34 | 34 100 58 54 | 92.59 3 2 50
Approach2 | 4 | 5 80 1100 | 106:( 9524 | 9 | 12 | 75
Approach3 | 41 | 41 | 100+| 39 @g 9737 | 5 75
Approach 4 | 24 | 24 | 10041 87 | 90\ 9667 | 6 100
ey 1||_ |Ill'.";:\ \ L Tl =
Table 4.5 “Tugii ratio of imaﬂ,lf T i’ the morning.
Left tlirp ratio ' e Right turn ratio
D A AR(%) D A AR(%)
Approach 1 0.3579 | 0.3778 | 94.73 | 0.0316 | 0.0222 | 57.66
Approach 2 0.0354 | 0.0406 | 87.19 | 0.0796 | 0.0975 | 81.64
Approach 3 0.4824 | 0.5061 | 95.32 | 0.0588 | 0.0482 78
Approach 4 0.2051 0.2 97.45 | 0.0513 0.05 97.74
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Figure 4.16 The accurate rate of small car volume on each approach in the morning.
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C. Full-size vehicle

The full-size vehicle estimation of traffic flow and turn ratio in the morning are

displayed in table 4.6 and table 4.7. Full-size vehicle has high accurate rate in this

system.
Table 4.6 Traffic flow of full-size vehicle in the morning.
Left Straight Right
D | A |AR®%)| D A | AR(%)| D A | AR(%)
Approach1 | 0 | 0 100 0 0 100 0 0 100
Approach2 | 0 | 0 | 1004 _g.‘ . '."'z* w100 | 0 | 0 100
Approach3 | 0 | 0 JOOa“ N0 -"_Loo 5 | s | 100
Approach4 | 4 | 4 | 7 ,_1 1_60 0 | 0 | 100
?_Q * ﬁ | - :
Table 4.7 Tu1=n rgt;l ﬁlll Siz re1e in the morning.
Left turn ratlo ’ -i T Right turn ratio
D A AR(%) D A AR(%)
Approach 1 0 0 100 0 0 100
Approach 2 0 0 100 0 0 100
Approach 3 0 0 100 1 1 100
Approach 4 1 1 100 0 0 100
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Approach 1 Approach 2
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Figure 4.17 The accurate rate of full-size vehicle volume on each approach in the

morning.
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Afternoon

The time of Tested video in the afternoon has 14 minutes. Table 4.10 display

the total traffic flow of motorcycle, compact and full-size vehicle at intersection

The accurate rates of three type vehicles are more than 95%.

Table 4.10 Total traffic flow of three types vehicles in the afternoon.

Motorcycle Small car Full-size vehicle
Detection data 218 308 12
Actual data 227 319 12
Accurate rate 95.04% 96.55% 100%

A. Motorcycle

The motorcycle estimatio

are displayed in table 4.11and .tgiﬁlé" 4.

e

'.'
A A
. K .DE*-: ||

48 .'\.

1 f tlfﬁf_ﬁc
e
I

volume are all more than 70%.

EE

S ‘.',_;.-

b 3
N

-

?owl_an_gl turn ratio in the afternoon
i\

127 Aceurate rate of motorcycle

Table 4.11 Traffic flow of motorcycle in the afternoon.

Left Straight Right
D|A|AR(%) | D A |AR%)| D A | AR(%)
Approach 1 X 65 67 | 97.01 0 0 100
Approach 2 X 42 44 | 95.45 0 0 100
Approach 3 X 85 81 95.06 0 0 100
Approach 4 X 26 35 | 74.29 0 0 100
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Table 4.12 Turn ratio of motorcycle in the afternoon.

Left turn ratio Right turn ratio
D A AR(%) D A AR(%)
Approach 1 X X X 0 0 100
Approach 2 X X X 0. 0 100
Approach 3 X X X 0 0 100
Approach 4 X X X 0 0 100
Approach 1 Approach 2
970149100 985075 954545 100 97.7273
i 1
M Straight W Straight
I Right 1 Right
W Average W Average
Straight Right Average Straight Right Average
Approach 3 Approach 4
% . %% 100 87.1429
m Straight H Straight
" Right § ¥ Right
%ﬁ W Average W Average

Straight Right Average

Straight Right Average

Average
91.8859
o 100
A=}
M Straight
m Right
Straight Right

Figure 4.18 The accurate rate of motorcycle volume on each approach in the

afternoon.
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B. Small car
The small car estimation of traffic flow and turn ratio in the afternoon are
displayed in table 4.13 and table 4.14. Accurate rate of compact vehicle

volume are all more than 70%.

Table 4.13 Traffic flow of small car in the afternoon.

Left Straight Right
D | A |[AR%)| D | A |AR(%)| D | A | AR(%)
Approach 1 | 9 7 | 7143 | 38 37 97.3 4 5 80
Approach2 | 7 | 7 | 10049 77 |.82u) 939 | 1 1 100
Approach 3 | 28 | 28 | 1001-| 50 as!g 9434 | 7 7 100
Approach4 | 16 | 16 | _.1__905.‘-%_6\9 B 93'.‘24 2 | 2 | 100
= {ﬂ\\ A+
Table 4.14 Tum f‘a 1) of sma \car a0 the afternoon.
Left turn ratlo = g Right turn ratio
D A AR(%) D A AR(%)

Approach 1 | 0.1765 | 0.1429 | 76.49 | 0.0784 | 0.1020 | 76.86
Approach2 | 0.0824 | 0.0778 | 94.09 | 0.0118 | 0.0111 92.79
Approach3 | 0.3294 | 0.3182 | 96.48 | 0.0824 0.08 97

Approach4 | 0.1839 | 0.1739 | 94.25 0.023 | 0.0217 | 94.01
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Figure 4.19 The accurate rate of small car volume on each approach in the afternoon.
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C. Full-size vehicle
The full-size vehicle estimation of traffic flow and turn ratio in the
afternoon are displayed in table 4.15 and table 4.16. Full-size vehicle has
high accurate rate in the afternoon. Accurate rate of full-size volume are
100%.
Table 4.15 Traffic flow of full-size vehicle in the afternoon.
Left Straight Right
D | A |[AR(%) "D | “A.|AR%) | D | A |AR(%)
Approach 1 | 0 | 0 | 100 | "I 1 4 7100 1 1 100
Approach2 | 0 0 | __I_TQ()_;z‘i'-'@';__g ﬁ%*«aoo 0 0 100
Approach3 | 1 | 1 | 100 |[,2-/02 |}100 | o | o | 100
Approach4 | 3 | 3 | 100, [ | 5|1 40100 | o | o | 100
= .-_, .%1;: I‘;‘“-;; 1 I-:, e
s .r“' lq"\__ |-\-"-ﬂ‘___-:i’=‘d.‘:_;?#} __lf:; Lo
Table 4.16 Turn ratio of -fuLl-siZé Veﬁicle in the afternoon.
Left turn ratio Right turn ratio
D A AR(%) D A AR(%)
Approach 1 0 0 100 0.5 0.5 100
Approach 2 0 0 100 0 0 100
Approach 3 | 0.3333 | 0.3333 100 100
Approach 4 0.75 0.75 100 100
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Figure 4.20 The accurate rate of full-size volume on each approach in the afternoon.
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Nightfall

The time of Tested video in the afternoon has 9 minutes. Table 4.19 display

the total traffic flow of motorcycle, compact and full-size vehicle at intersection.

The accurate rates of three type vehicles are more than 88%.

Table 4.19 Total traffic flow of three types vehicles in the nightfall.

A. Motorcycle

Motorcycle Small car Full-size vehicle
Detection data 245 288 5
Actual data 267 307 5
Accurate rate 91.76; 938 100%

f tra\‘t;c,;ﬂb_w and turn ratio in the nightfall

are shown in table 4.20 énd-ta:bl__e‘ 4,211 The right turn of motorcycle in the

nightfall obtain bad result.

Table 4.20 Traffic flow of motorcycle in the nightfall.

Left Straight Right
D|A|AR(%)| D A |AR(%)| D A | AR(%)
Approach 1 X 84 101 | 83.17 8 0 0
Approach 2 X 16 46 | 34.78 0 0 100
Approach 3 X 76 78 | 97.44 0 0 100
Approach 4 X 61 42 | 54.76 0 0 100
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Table 4.21 Turn ratio of motorcycle in the nightfall.

Left turn ratio Right turn ratio
D A AR(%) D A AR(%)
Approach 1 X X X 0.2222 0 0
Approach 2 X X X 0 0 100
Approach 3 X X X 0 0 100
Approach 4 X X X 0 0 100
Approach 1 Approach 4
83.1683
1683 i 100
41,5842 77381
3 M Straight M Straight
M Right 1 Right
x X 2 W Average W Average
& & & '
o © Straight Right Average
Approach 3 i Approach 4
1 97.4359 100  98.7179 % 100
m Straight || M Straight
M Right ™ Right
& & & W Average f W Average
\S’é’\% & Aé’b' . .
v Straight Right Average
Average
110
i
80 67-5372 =
70
28 M Straight
30 :
39 M Right
10
0
Straight Right

Figure 4.21 The accurate rate of motorcycle volume on each approach in the nightfall.
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B. Small car
The compact vehicle estimation of traffic flow and turn ratio in the
nightfall are displayed in table 4.22 and table 4.23. Accurate rate of compact
vehicle volume are all more than 70%.
Table 4.22 Traffic flow of small car in the nightfall.
Left Straight Right
D | A |AR%)| D A |AR(%)| D A | AR(%)
Approach 1 | 15 | 16 | 93.75 | 51 41 75.61 5 4 75
Approach2 | 9 | 13 | 69.23¢0" 77 | 785 9872 | 5 | 6 | 8333
Approach3 | 19 | 21 | 90.48 o \%\ 84 1 3 33.33
Approach 4 | 29 | 31 -."93 53‘%},43 e, *7922 3 2 50
= [ R
= \
- [[1
“'.5
Table 4. 23 Turn ,s ear in the nightfall.
Left tum ratlo Right turn ratio
D A AR(%) D A AR(%)
Approach 1 | 0.2113 | 0.2623 | 80.56 | 0.0704 | 0.0656 | 92.68
Approach2 | 0.0989 | 0.134 73.81 | 0.0549 | 0.0619 | 88.69
Approach3 | 0.4634 | 0.4286 | 91.88 | 0.0244 | 0.0612 | 36.60
Approach4 | 0.3412 | 0.2818 | 78.92 | 0.0353 | 0.0182 6.04
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Figure 4.22 The accurate rate of small car volume on each approach in the nightfall.
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C. Full-size vehicle

The full-size accurate rate of traffic flow and turn ratio in the nightfall are

shown in table 4.24 and table 4.25. Even vehicle has shadow, it also obtain

good result.

Table 4.24 Traftic flow of full-size vehicle in the nightfall.

Left Straight Right
D | A |AR®%)| D A | AR(%)| D A | AR(%)
Approach1 | 0 | 0 100 0 0 100 0 0 100
Approach2 | 0 0 109 | Q - (5 w100 0 0 100
Approach3 | 0 | 0 | 00y | 0 15,071 100 3 3 100
Approach4 | 2 | 2 |0 ';ygm L0100 | 0 | 0 | 100
B f e
",31 f B
Yo (IEERD &7
Table 4.25 Turnlga‘tlf S fuli f.cle ~1n the nightfall.
Left turn ratlo ';:;': " Right turn ratio
D A | AR%) | D A | AR(%)
Approach 1 0 0 100 0 0 100
Approach 2 0 0 100 0 0 100
Approach 3 0 0 100 1 1 100
Approach 4 1 1 100 0 0 100
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Figure 4.23 The accurate rate of full-size vehicle volume on each approach in the

nightfall.
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Night

The time of Tested video at night has 6 minutes. Table 4.28 display the total

traffic flow of motorcycle, compact and full-size vehicle at intersection.

Table 4.28 Total traffic flow of three types vehicles at night.

Motorcycle Small car Full-size vehicle
Detection data 232 107 2
Actual data 300 131 2
Accurate rate 77.33 81.68 100%

A. Motorcycle

-

|l

o

syt

The motorcycle accurate P 0
11]

0y

—EF :.

i
.Iw-_ \\. P

ﬁ

‘.-"

affic ﬂow and turn ratio at night are
| -

e
shown in table 4.29 al{'rd\t;%le 4 30 ]I\r; thrs experlmental video we have

consider the left turn motorcycl_e because th1s intersection is small.

Table 4.29 Traffic flow of motorcycle at night.

Left Straight Right
D | A |AR%)| D A |AR(%)| D A | AR(%)
Approach 1 | 4 6 | 66.67 | 44 35 | 74.29 4 6 50
Approach2 | 6 | 10 60 46 57 | 80.70 20 40
Approach 3 | 4 5 80 41 54 | 7593 | 10 13 | 76.92
Approach4 | 12 | 13 | 92.31 | 37 67 | 5522 | 16 14 | 85.71
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Table 4.30 Turn ratio of motorcycle at night.

Left turn ratio Right turn ratio
D A AR(%) D A AR(%)
Approach 1 | 0.0769 | 0.1277 | 60.22 | 0.0769 | 0.1277 60.22
Approach 2 0.1 0.1149 | 63.27 | 0.1333 | 0.2299 58
Approach3 | 0.0727 | 0.0694 | 95.27 | 0.1818 | 0.1806 99.3
Approach 4 | 0.1846 | 0.1383 | 66.51 0.2462 | 0.1489 34.73
Approach 1 Approach 2
100 100 80.7
go [66.67 7429 63.65 80 3
60 30  Left 60 m Left
gg M Striaght ;g M Striaght
0 = Right 0 = Right
oo & @ EA o e EA
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¥ 3 ®
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- Approach 4
92.31
82 H 100 857177 7467
80 H 80
78 M Left I 60 H Left
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20 1 Right
0
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Figure 4.24 The accurate rate of motorcycle volume on each approach at night.
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B. Small car

The small car estimation of traffic flow and turn ratio at night are displayed

in table 4.31 and table 4.32.

Table 4.31 Traffic flow of small car at night.

Left Straight Right
D | A |AR®%)| D A |AR(%)| D A | AR(%)
Approach 1 | 5 5 100 10 8 75 7 10 70
Approach2 | 4 5 80 28 34 | 8235 4 5 80
Approach3 | 3 5 60 4 6 66.67 7 100
Approach4 | 5 | 7 | 71. 43. rz,' e 3 L7273 | 6 100
Table 3 32 Tum ra qfnall ar at. nlght
Left turn I‘ilth l f v .\' Right turn ratio
D A ARG D A | AR(%)

Approach 1 | 0.2273 0:217§1_ - 95. 45 1703182 | 0.4349 | 73.18
Approach2 | 0.1111 | 0.1136 | 97.78 | 0.1111 | 0.1136 | 97.78
Approach3 | 0.2143 | 0.2778 | 77.14 0.5 | 0.3889 | 71.43
Approach4 | 0.1429 | 0.1522 | 93.88 | 0.1714 | 0.1304 | 68.57
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Figure 4.25 The accurate rate of small car volume on each approach at night.
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C. Full-size vehicle

The full-size accurate rate of traffic flow and turn ratio at night are shown

in table 4.33 and table 4.34.

Table 4.33 Traffic flow of full-size at night.

Left Straight Right
D| A |AR%)| D | A |[AR®%)| D | A |AR%)
Approach1 | 0 [ 0 | 100 | o | o | 100 [ o [ o | 100
Approach2 | 0 [ 0 | 100 | o | o | 100 [ o | o | 100
Approach3 | 0 | 0 | 100 | o | o | 100 | 0 | 0o | 100
Approach4 | 0 | 0 | 10041 2  [~2% 100 | 0 | 0 | 100
& . o~ G
l /8 / \ P\
Table 4.34 Turn ra 1&%#11} ;i?ehic:le at night.
L'(_’«'ﬁ turn ratio | £ V| Right turn ratio
D | A ARG D A | AR%)
Approach 1 0 0, 100" 0 0 100
Approach 2 0 0 | 100 0 0 100
Approach 3 0 0 100 0 0 100
Approach 4 0 0 100 0 0 100
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Figure 4.26 The accurate rate of full-size vehicle volume on each approach at night.
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4.5 Results Analysis

According to experimental estimation, image detection system proposed in this
thesis is worked well in the morning and afternoon. The average accurate rate in these
two times could reach more 80% that conformed to the requirement of this system. In
the nightfall, small car and full-size vehicle can obtain nice results except for right
turn flow. Motorcycle obtained very bad result at night and nightfall. It is necessary to

resolve the bad result.

Full-size vehicle in three tested wideo obtained 100% in all situations that is
because the volume in these tested Videi)ﬁ.'-'gre:;_ .Very less, Another reason, the speed of
| | I’;\.-

full-size vehicles is very slow at int_e-fse&ion and the area of it is big so it can be

tracked accurately.

In tested video, the right turn vehicles are very less because the design of
channelization. The sample is not enough so once have false detection or missing
detection, the error rate would be enlarged. Another reason the trajectory of right turn
vehicle is very short that would cause the tracking error or identify vehicle wrong
direction. To combine these reasons that is why the accurate rate of right turn is lower

than straight and left turn.
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In the nightfall, this system obtained unideal result, especially in motorcycle. There
are two reasons of bad result. First, the detection zone is too small. Once passing
motorcycle leave the zone and enter the zone again, it would cause tracking false. If
motorcycle is ridden on the boundary of detection zone that easily to cause over count
traffic flow or miss the motorcycle. Second, there is large region shadow at
intersection such as building shadow shown in figure 4.20. In the nightfall, vehicle
need to be had shadow removal. Once vehicle enter the region of building shadow, the
shadow of vehicle is disappear and the Ll}umlpatlon of vehicle is changed that would

remove the large region of m‘bt ff M@@on* of motorcycle is removed too

many that would cause motercyc eb _ noi qnd_-to be removed.

Figure 4.27 Large region of shadow.
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According to the results analysis, this system will be influenced by following
factors.
1. Intersection Size
The tested intersection in daytime is too large so it cannot be capture whole
view. The tested intersection at night is moderate. It can be capture whole view.
The accuracy of right turn flow at night obtained nice result.
2. Camera Setup
This factor will influence the amount of occluded vehicle on image sequence.
A good angle of camera setup will reduc.e the false detection.

3. Vehicle Size (=S
¥ \

If the vehicle size is blg _thaF -:will-ziet tlr:acking. be more accurate. The size of
motorcycle is small so it causés tracking mote difficult and error tracking easily.

4.  Vehicle Speed
Because the tracking approach used in this thesis is region based, once

vehicle speed is too fast to over the default region that will cause error tracking.
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Chapter 5

Conclusion & Future Work

According experimental result, the image vehicle detection system proposed in this
thesis can obtain good result in the morning and afternoon. However, there is still
numerous problems need us to resolve. In this chapter, conclusion is presented in
section 5.1 and future work is presented in section 5.2. The applicative situation of

this system is shown in table 5.1.

-

f’\ A
§ | [Ne=s)
Table 5.1 Applicative srcuaP rr-?_hfprﬁ)ose 1mage detection system.
-, i } ¥ o
I

T

\ik lllgersectlolnl N %

Factor Weather | < Traffic flow Time
Size

Moderate
Situation Normal Medium Daytime
(2~3 lanes)
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5.1 Conclusion

The most difficult problem in this system is how to identify the direction of each
vehicle. Although vehicle could be tracked successfully, once the direction of vehicle
was identified wrongly, it still is a false detection. Tracking at whole intersection is
more complex than on general urban road section. If we just choose one approach to
detect vehicle, the situation would be simpler. However, it will increase the cost of
traffic data collection. This is a trade-off problem.

In this thesis, a system had been developed successfully for detecting motorcycle in

real time, at the same time it can-obtain-good accuracy: of traffic volume in daytime.

e
-
—

Besides, a proposed approach of dyn;mlc thresho_l_d selection can overcome the
rapid illumination change soon and Ql;tain good result. It just uses simple calculation.

In this thesis, a simple approach for shadow removal had been proposed. It just uses
same characteristics of shadow and statistic analysis but still can obtain nice result for
applying to image detection system.

Generally, the proposed system could reach the level (accurate rate 80%) of image
detection system used by traffic center. How to improve this system to be applied in

all situations is next object we have to do.
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5.2 Future work

In the future, we still have numerous works need to do for improving this system.
We have to increase its accurate rate to be applied in different time at intersection.
This system is far from automatic image detection system because its inner
parameters need user to install and the value would influence the effect. So reduce the
manpower operation is necessary.

Another problem we should to resolve is the climate problem. How to detection
vehicle in the rainy day is also an 1mpottant issue because there are numerous rainy

days in Taiwan. To resolve this problem, for improve:the robust of system is we need

— -
g

Ay
i

to do in the future. . |
Traffic flows of tested Videof .in_ihis systefn are.median and low volume. This
system is still cannot resolve the heavy traffic volume especially there is traffic jam at
intersection that would cause the tracking false. The large group of motorcycle is also
another serious problem in this system. When numerous motorcycles occlude each
other, it is impossible to split each one.
In order to obtain more accurate information, maybe we can use 3D image to
implement image processing. That can resolve the vehicle occlusion accurately even
there are numerous occluded vehicles.

Incident detection is also an important issue. In order to let the image system
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become more complete at intersection, we should add this function in this system in

the future.

By integrating above function, the image detection system can have powerful effect

for traffic data collection that can have assistance for our urban traffic management.
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