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ABSTRACT

This paper proposes a traffic monitoring system based on edge detection and vehicle
detection window techniques. The proposed system consists of two main processes that are
vehicle detection and traffic parameter extraction or vehicle tracking. In the first process, the
Gradient-based Adaptive Threshold Estimation (GATE) algorithm 1s proposed to provide the
suitable threshold value for the sobel edge detection. The estimated threshold will be adapted to
the changes of diverse illumination conditions throughout the day. This leads to better vehicle
detection performance compared to a fixed user’s defined threshold. In the second process, this
paber proposes the novel vehicle tracking algorithms namely Rule-based Vehicle Detection
Window with Adaptive Parameters (RBA) and Fuzzy-based Vehicle Detection Window with
Adaptive Parameters (FBA) in order to reduce the overestimation of the vehicle counting caused
by uneven edge density of the large vehicles and vehicle changing lanes. The proposed RBA and
FBA algorithms employ the average edge density obtained from the proposed Horizontal Moving
Edge Detection (HMED) algorithm to alleviate the problem of uneven edge density and adopt
rule-based and fuzzy rule-based algorithms respectively to rectify the counting problems caused
by vehicles changing lanes by considering the neighbor edge density obtained from adjacent
detection window together with the current edge density gained from the focus detection window.
The experimental results demonstrated that both proposed systems, which are based on GATE
and RBA with HMED and based on GATE and FBA with HMED, provided the high accuracy of
vehicle detection about 95.84% and 98.22%, respectively. In addition, they also offer the low

misdetection rates about 6.81% and 3.85%, respectively.
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(First-Order Derivative Edge Detection)
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G,
6= arctan(z;i) (3.3)
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G, (x,)=W.* f(x,) (3.8)
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(Second-Order Derivative Edge Detection)
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L(x,y)= f(x+1Ly)+ [(x=Lp)+ fOop+ D+ f(xy=1)—-4f(xy) (.11
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Lix,y)=f(x,y)*H(x,y) (3.12)
Tei]
0 0 0O 0 -1 0
H=|-1 2 -1{+{0 2 0 (3.13)
0 0 O 0 -1 0
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%30
0 -1 0
H=|-1 4 -I (3.14)
0 -1 0
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3.1.3 N1IASITVIFHUUMNUUBUAUI (Canny Edge Detection) [16-19]
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k4 v o 3| 1 4 . ) ~ s t4
fuennnduing x iusansiiios (Continuous)  13u3UH 3.9 (¥ dgynsol

. 4o <
(Noatation) vosiada 4 Wenlaiy

| ()
A= { == (3.28)
X
.d =t 9 Y o w 3 a 9 =4 ya
‘wqygﬂwwmmmimLfﬁ]ﬂgﬁwmam1ﬂﬂmaawﬁtxuumﬂu"lﬂ ToeRwdsavonliy
v a oA [~ a 3 v
AmSeaninnuiluauSn (Membership Value 139 Degree of Membership) Fuanifaua
o ] a I 1Y @ o 1 d =Y
fuavszndne o uaz 1 nsewemdudadnuel [0, 11 Tas 0 nuwis s ldlueaundnluea
? [~ a ) ¥ 9 =N ¥
dau 1 mnede msiluaandnluma uagmsznang o fu 1 vaneds msduamndnuisdiuly
b4 ) ¥ v
e MynszRusuitiifens lasefuvesmslaouiuiinensa liod lumavesaunan
1 a o @ a . . o o A .
AN TasdAssFuanuduaudn (Membership Function) Wudleaddudaiion (Mapping

Function) 3ag1uTammlaq TWiusmanudumndnlufledime

3.34 ﬂjiﬁ‘igsﬁunﬁmeﬁm%we\ (Operation of Fuzzy Set)

b 3
M15@UTUMS (Operation) WuFMvesilsFmaliquanifmiloutuiralLUauaY

kY 1 ' a [ @ -~ o
Taun migzﬁﬂu (Union) N159U09315NFY (Intersection) HAZNIIADUNAIUUA (Complement)
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4, [y : v o d (Y]
dlommuald 4 oz B ihiladsaneghuensndaning X @einu
3.3.4.1 gl (Union)

magiivuvosilasdizn 9201/ OR Operation AIUNISH 3.29 uaggih

3.10

Haon (x)= Hy (x)v Au}_}(x)
= max (12, (x). 1, (x)) (3.29)

0

514 320 msgiisuvosiladsn 4 uoz B

3.3.4.2 Sumasdwn%“u (Intersection)

a 4 % @ [ ~
A5 BUIADTIUNTUVDINY TR 12010 AND operation AITUNTN 3.30

naggin 3.l

My (x) = Hy x)A Hp (x)
= min(2,(x). 12, ) (3.30)

L 3 =

0

4 a 4 o ~
s 3. mIydumesynFuveIlsAn 4 1az B
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3.3.4.3 ABUWALIUA (Complement)

a 4 a = 3 ] a =]
mﬁﬂanwmuummﬂmmw A A0 ﬂﬁ‘rﬂﬂWﬂ’ﬂll"lm“ﬂuﬁiﬂﬂfﬂﬂJ@\‘iW%%

¥ A4 AIANNITN 3.31

My (x) = 1= 1,(x) (3.31)
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d’ =) d A
31 3.2 nsaoumauAvesama 4

o a P dy 9 Yy 9 ~ o A wa o
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DU NMHDUNUYALUAIANBNITAINIA1T19N 3.2

M3199 3.2 Anauiansnsgivedilempa

#aqmzmﬁ M3nIzm

3 ﬁﬁvﬁ (Commutative) AUB=BUA4
AnB=Bn4

misﬂﬁﬂuﬂ'cju (Associative) (AUB)WC=A4AU(BUC)
(AnB)yNC=4AN(BNC)

M15N52910 (Distributivity) | AUBNC)=(4UB)N(4UC)
ANBUC)=(4NB)u(4nC)

NHUDAABNDSUNU (De Morgan’s Law) AUB=4NB
AnB=4UB

msqwnﬁu (Apsorption) (AuB)nAd=4-
(AnB)ywd=4

15191101 (Idemtency) Aud=4
And=4
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3.3.4 W&ﬁﬁummﬁ‘luaw% (Membership Function)

S d ~ 7w ! YA o ' & a
Aessunnuiiuaungn fe Asdduniensmignldnotmuamanuduauian
. :;d 1 ' == ) a J Y = é i A ar
(Membership Value) Hiif15e1314 0 94 1 vosamnFnuanzds lufladisa ¥egilsrmioanyug
do g 1 Ao o ' wva A o A 4 &
ypesilanFuudiundriydoauauianiomsauiumIvesssuBATINAITAIAQUIATE

: ) o a o o [ a dAa ¥ o =
(Fuzzy Inference System) dwduriavesilstFuarnuduandninionldauTaona linae

a 1 a'dy : 1 =S o a W d"
FUP gm“lumm:ﬂm’ammﬂa 9 FUARIU

3341 ﬁaﬁ%’ugﬂmumﬁﬂu (Triangular Membership Function)
¥

7 = g ¢ s A ) a 7w
HerFugdaumasuiiuilidfuveainaes x Mvusdfiumsilines 3 /3

#0 {a,b,c} Avaunsi 3.32

0 x<a

(x-a)/(b-a) ;a<x<b

triangular(xa,b,c) = 3.32
gular( ) (c-x)/(c-b) ;bsx<c (3.32)
0 ;x>c
A
138
. {XxX—a c—x
triangular(x : a,b,c) = max mm( , j,O (3.33)
b-a c—-b
Tao a uas ¢ iupoonyudugvesmumaoy Tuvuzi o ilugaven
Yugegn

Y ‘ 4 o J P
Sreehe tiedmualia =0 b =5 uazc =10 vzldnamileanglanumasy

[ Y

fag1lh 3.13

» =

» X

a=0 b=5 c=10

y a 1 o A
517 3.13 dedrnsmiladduzdanmaon
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3;3.4.2 ﬁaﬁ%’ugﬂﬁmﬁnummy (Trapezoidal Membership Function)

} EY
| Qv

7 o a A ) 7o ¢ ) a %
Handugilimdoumenyiuilsisuvouinaes » Aivegiumiimes 4

A1 A0 {a,b,c,d} Aedunsh 334

(0 x<a
(x—a)/(b—a) ;a<x<b
. trapezeoidal(x:a,b,c,d) =<1 b<x<c (3.34)
: (d-x)/(d-c) ;e<x<d
; 10 x>d
W3ie
. . [(x-a . d—x
trapezeoidal(x :a,b,c,d) = max| min (—,1,-—},0 (3.35)
b-a "d-c

i 1 H
=y =

’ <3| T A A 1
- lawe uaz Jflugadmsduguunniienniigasesimbouaany d2u b

Cog EY 1 A g ]
uaz ¢ iWugalaedmguinuiiduiiga

Q 4 . J | ™
Aot Wiedmuald a=0 b=2 c =38 uaz 4 = 10 9z 1AnsfesUamAsY

ANYAe3N 3.14

» X

a=0 b=2 c=8 d=10

3 ar [} o 4 $
31 3.14 dredrnsilendugl@mdsuniany

3.3.4.3 Wansumaden (Gaussian Membership Function)

}4
o 7

o o dw A v a ¢ W
Waﬂ%mmmc‘%ﬂuL‘fluﬂen%uﬁﬁuagﬂuwwsmmm 2 Gl’)ﬁﬂ {m,O'} 9N

auMn 3.36
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b _ (x- m)2
1 guassian(x:m,c) = exp BTy (3.36)
c

Tag m vuefen R Lo o HusHe AndouuuuInsgIu

g as o A Y ~
o =1 vz Idnslilendumddeudagili 3.15
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E‘Ijﬁ 3.15 ﬂ'J’t’JEJNﬂi'W‘I‘WQﬂGHuLﬂ'IfTL%Uu

33.4.4 ﬂdf{‘ﬁ&gﬂi:ﬁ‘ifdﬂ’h (Bell-Shaped Membership Function)

4 o o

% d o ar o 15-] . AR 1w o 5 @ A
- WMandugdszden IutuilenFunvuegn w11 NAe I NNNa 3 A0 A

{a,b,c} Faaumsh 3.37

bell — shaped(x :a,b,¢) = 7 (3.37)

g @ o i < o 1 .
Tag a Wudidmuannundewsansv dau b 1JuA N Cross-point
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3.3.4;5 ﬁaﬁ%’ugﬂé’f‘ma (Smooth Membership Function)

7o 4 B s

Y o ~ ' s @
HenFuzddnemiluiandunivegiumsiBinosianua 2 & Ao {a,b}

AN 3.38
0 x<a
x=bY a+b
2 3 ;asx< Z
-a
S(x:a,b)= A (3.38)
1—2()‘_1’) L. 00N
b—a 2
1 ;x2b
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3.'3.43.6 ﬁaﬁ%’ugﬂﬁ’mmﬂ (Z-Membership Function)

' 4 b4
to A a %

. 7 o @ 1 i o '3 Y
- endugddusadluilendunvuegiumaniinesianun 2 ¢1 e {a,b)

AIAUNITN 3.39

0 x<a
, 1_2(x—aj2 ;an<a+b
, Z(x:a,b)= ba , 2 (3.39)
2(b— a ) ;a+be<b
b—a 2
0 ;x2b

3| v o o [
Tao a uag b1JudtMuagA Cross-point GagALAZAIGA NIBEATINS
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3.3.43.7 ﬁdﬁfﬂﬁd!ﬁﬂﬂ]ﬁﬂ’m (Positive Linear Membership Function)
‘ ¢ a 9 I~ o o d‘d? Tt W a o :1’ v A
HanFuFadunsuaniuilansunayuegiunisnes NInue 2 1 Ao
' . [ d'
{a,b} A9GUMIN3.10
' {

t 1
'

0 ;x<a
% poslinear(x:a,b)={(x—a)/(b—a) ;& <x<b (3.10)
1 x>2b
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. ee auaz piludadimuannusuvesns iy
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3.3.4i8 ﬁeﬁ%’uﬁast’fummu (Negative Linear Membership Function)

4 v
4 o a o o

o as a 9 I o AR 1 L CY-- |
HAanFuFufunsavituilesfuniusgiumsinesimug 2 a7 Ao
{a,b} Aaaunsh 3.11

0 \ T
neglinear(x:a,by=3(a—x)/(b—a) ;asx<b (3.11)

| 1 ;x=2b

o @ o o
Iﬂﬂ allog b Lﬂumm‘ﬁuﬂﬂ’nmmmmﬂﬂw
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3.3.4.?9 Wantudnuoea (Sigmoidal Membership Function)
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I 4
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Handugnuesailuileiduniveg
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ymsifiinedHavua 2 &2 Ao {a,b}
A9EUNTN 3.12

1
1+exp(—a(x—b)) (3.12)

sigmoid(x:a,b) =
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3.3.5 A}sM¥ (Linguistic Variable)
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Rule Evaluation
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Aggregation of Rule Consequents
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The Edge Density (1.4.1 F.290-F.305)
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The Edge Density (1.4.1 F.237-F.259)
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The Edge Density (1.5.1 F.579-F.600)
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The Edge Density (1.1.7 F.196-F.228)
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Abstract—This paper presents the novel algorithms for a video-
based traffic monitoring system. In the video-based traffic
monitoring system, the vehicle: detection and traffic parameter
extraction are the main processes of the traffic monitoring
system. The vehlcles will be extracted in the first process, and
the result will be fed as an mp{lt to the next process in order to
evaluate the trafﬁc mformatlon The proposed vehicle
detection techmque employs the gradient-based adaptive
threshold estimation (GATE) to estimate the proposed
threshold values, which are] antomatically adapted to the
changes of various lllummatlon conditions throughout the day.
In addition, the hoqzontal mr‘.nvmg edge detection (HMED) is
proposed for traffic parameter extraction. The experimental
results indicate that the prop%)sed GATE algorithm yield the
proper threshold value for each illuminated condition in the
vehicle detection pracess whilel the proposed HMED algorithm
can effectively resolve the unev‘en edge density of vehicles.

1{ utg, Y Ve
ext‘raawn, traffic scene anlysis.

\
1. INTRODUCTION

ting plays a significant role in an
system (ITS) by providing the valuable

dotects et ik

Keywords: traffi
detection; trafficpa

o,

Traffic monito
intelligent transport
information relat to roe‘ld traffic parameters. Such
information not only benefits to traffic management, but
also assists travelers to reach their destinations with the least
time and energy co.nsumptmﬁ Road traffic parameters can
be obtained using several techniques such as magnetic loop
detectors, radars and video cameras. A video camera-based
technique is anot]her app‘oach for traffic parameter
extraction, which provides more potential advantages than

compared to the others, sinpe video images contain the

amount of precious F’afﬁc mfc‘)rmah on (2, 3].

Generally, @ video camera-based traffic monitoring
system consists ofl two mam processes, namely vehicle
detection and Iraﬁij parameter extraction. The foreground
movmg objects,| which tend to be vehicles, will be extracted
in the former process. It w111| then be evaluated in the later
process in order to calculate traffic parameters such as
vehicle quantlty vehicle speed, vehicle density and flow
rates, etc. There were several vehicle detection approaches
for a video camera-based traffic monitoring system such as
background subtrac‘lon [3- 5]linter-frame differencing [2, 5]
and edge detetlzhor [1, 4-7]. However, the edge based
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method provides the superior performance for traffic
monitoring in practice. It is not only more effective but also
highly robust to different ambient illumination condition.
The gradient-edge and morphological-edge based
detection techniques have been widely applied to video
camera-based traffic monitoring systems during recent
decades [1, 5-7]. The gradient-edge based technique is less
compleg, thus requires Jower computational cost. Fathy et al.
[6] proposed SMED algorithm for morphological edge
detection technique in order to reduce computational
requirement. However, this operator always produces
undesired edges from undesired objects such as damaged
roads, white marks on the road surfaces and shadows of the
trees and buildings. These problems were resolved by the
selective averaging background algorithm proposed in [5].
During the initial stage of the algorithm, a background is
created by averaging 100 frames of the current scene. The
traffic scenes are divided into a number of blocks in
background updating process. The blocks are classified into
stationary, moving, and no vehicle blocks. The stationary
blocks are referred to the unmoving vehicle. Only the no
vehicle moving blocks are used for updating the background
frame. This algorithm not only yields a less noise
background but also improves the performance of the traffic
monitoring. Nevertheless, the drawback of these algorithms
is that it still takes long computation time. Another approach
is a gradient-based foreground detection technique using
canny edge detection for video sequences proposed in [7].
However, the edge pixels resulted from this algorithm are
mostly disconnected. For these reasons, it requires post-
processing based on morphological operation to connect
disjointed objects and separate noise before grouping them.
NG et al. [1] discussed the techniques for a video-based
traffic monitoring system including its problems, and
proposed a traffic parameter acquisition method based on a
detection window technique. The sobel edge detection was
employed to provide gradient-edge information. The notable
advantages of the mentioned method are less complexity,
low computational time and high efficiency. Nonetheless,
such method has two main serious drawbacks. First of all, it
requires proper threshold value for the edge detection in

several ambient illumination conditions. Second, it is
useless to detect the periodically unclear edge vehicles.
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Therefore, |this ‘paper pmposed -2 wehicle: detection
‘technique based ofi the gradamt based adaptive threshnld
‘etimation (GATE) “and the horizontdl  thoving edge:
detec'uon (HME 3 algom.hms The GATE algorithm
automahmlly prnvxdesa stitable thireshold value for Vehicle:
detection in chvr:r zim‘mer{t 111urmna?10n condmons 6.
:HMED gnnthm was deagned o 1mpmve the performancei
of the. traffic pa‘rame[er extraction based .on : window"
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result i 1mages are fed as an input to-the next process, Winch
a‘p’pli‘es window-based- technique and HMED algonthm
(Sectioni 11 B9 to calculate the: fumber, of wehicles passing
thirough the: wmdow ‘ased on the VDW status

A Vehicle Detection

Véhide detecn on based on. grachent— edge information
requires a proper ! threshold value: for converhng a gradient
1rnage tora bmary edge image; The threshold values may be
assigned by.a user or' by ‘the’ threshuld selection algorithms.
User’s defined; threshold is;nof ‘flexibie and insufficient:for
vehlcle detecﬁon in diverseambiznt 1llummahnn conditions,
Rmce Lhe fized threshold walve could tiot be ableto: adapt o
; umma 1 condxnons Moreover it s ‘not

Consequently, tlns paper pmposed ‘Lhe gradir:m based
1 >

s blur 1mages Accordxng
vatues. of blur'images Are
'I‘h:s lmds 1o a selection.

iy oshold = floor {(“W(lg"hlghb 04)}

0015 ey

-and, 'g??a:é’.rﬁ‘-Vfér_ﬁ..@ﬁl:{an@lhbfﬂizﬁmélfgrﬁ digat values

refcrence mlue a veh1 cle status ‘mt

Volume 3

Aulforizst Soenset eg et 1hg Morehuts nstitde 61 Tcidioay Léukrbng: Doseloaded on May'12,2010 a10854:53 UTC.from EEE Kplare; Resiciéns apply




is set to *1” in order to indicate the current status of the
detection window: otherwise a ‘0" 1s stored instead. The
group of Is means the length of vehicle passing though the
VDW.

In the ordinary window-based method. the reference
value comes from user definition. A fixed reference value is
normally assigned. However. it is incfhicient for various
sizes of the user’'s defined VDW. Moreover, it cannot be
used to solve for the case of the uneven edge density.
especially for the long-sized vehicles as shown in range (a)
on fig. 3(a). Such vehicles will cause the over detection due
to the abrupt changes during its pass through the VDW.

Frame 495

Figure2. The vehicle detection windows (VDWs) in each lane are
represent in the green rectangles.

Frame 473

Edge density

Edge density

200 mana e

R S WSS—— \
P D, SR | G S
$935535988558823¢:a38¢8¢3
Frame
®)

Figure 3. The original edge density of the left VOW during frame 461 to
537 (a), and the result edge density of the same lane during the sametime
obtained from the proposed HMED (b).

Accordingly, the horizontal moving edge detection
(HMED) algorithm is proposed in this paper to solve the
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previous mentioned problems. Moreover, the upper and
lower bound are also proposed as the reference values for
traffic parameter extraction based on the HMED algonthm.
The upper bound and lower bound will be automatically
adjusted to the size of VDWs. In HMED algorithm. the
average edge density of current and neighbor frames is
calculated and used as a criterion to evaluale the VDW’s
status. The status of VDWs based on the proposed HMED
algonthm can be expressed as followed:

AT L Eggy > UpperBound | AvgE, >Lxm(»rb’omull i
|0,  Otherwise .i

where E,,, is edge density of a VDW, UpperBound and
LowerBound are 5% and 3% of the VDW's size
respectively. The AvgE., is a substitute for edge density
value obtained from equation (2).

:

' LS R
AVgE 4 (¥) = — ZNI:,MHO 2)

where NV is the size of averaging edge density valucs. in this
paper N is assigned by 7.

[l.  EXPERIMENTAL RESULTS

The proposed algorithms were implemented  in
MATLAB programming language on an Intel Core2 1.66
GHz CPU 1.5 GB Ram. The performance of the proposed
algorithms was evaluated on various ambient illumination
conditions during daytime. Five video sequences recorded
by a video camera set up on a pedestrian bridge of the
Baromrajchonnanee rd., Bangkok, Thailand were used in
the cxperiments. The resolution and frame rate of the five
video sequences are 720x576 pixels, 25 frames per second
respectively. The other details of each video sequence were
deseribed in TABLE L

TABLEL THE DETAILS OF EACH VIDEO SEQUENCES
Video Ambient llumination Vehicle Shadow Average
No. Condition Appearance Gradient
f Obscure illumination Soft long 0572
and sunlight reflection vehicle shadow T
; s Mild -
2 Moderate illumination vebicleshadow 0.649
3 Steady Moderate Imperceptible 0.645
illumination vehicle shadow )
Bright illumination, Mild
4 Sometimes sunlight is valitle shados 0.725
shaded by cloud abrupily
spEsa Soft long x
5 Mild illumination vehicle shadow 0.597

Fig. 5(c), (1) show that the vehicle detection using the
threshold values from GATE algorithm provides the better
results than fixed threshold based method. Fig. 5(f), (1), (0)
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portray that the vehicle detection using the threshold values
from GATE algorithm provides the same results as fixed
threshold based method.

Fig. 3(b) illustrates that the result edge density values
gain from the HMED algorithm is not only more even than
the original values shown in Fig. 3(a).

Figure 4. Example images of video sequences No.1-5. (a) - (€)

TABLE 1L THE EXPERIMENTAL RESULTS
Video Number of Number of HeHogld
No. Frames vehicles [1] Count R ooged
Count
1 3184 127 149 127
2 913 52 65 52
3 971 50 68 51
4 1076 47 66 47
5 1451 63 79 64
Total 7595 339 427 341
Video "I":’b" N“;b" Proposed Miss Over Accuracy
No. Finns vehichs Count Detection Detection Rate (%)
1 3184 127 127 1 1 98.43
2 913 52 52 0 0 100
3 971 50 ) 0 1 99.99
4 1076 47 47 1 1 95.74
S 1451 63 64 0 1 98.41
Total 7595 339 341 2 4 98.51

The experimental results in TABLE II demonstrate that
the proposed algorithm offers impressive accuracy at
98.51%, which outperforms the other method [1] about 1.33
times (24.5%). The superior results indicate that the
proposed GATE algorithm yield the proper threshold value
for each illuminated condition in the vehicle detection
process while the proposed HMED algorithm can
effectively resolve the uneven edge density of vehicles.
Even though the proposed algorithm provides admirable
performance for vehicle detection, a few miss and over
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detection cases still remain. The detection problems may
occur due (o the changes of the vehicle between two lanes or
the extended length of uneven edge density.

IV.  CONCLUSION

This paper proposed the GATE and HMED algorithms
for traffic monitoring in various ambient illumination
conditions during daytime. The proposed GATE algorithm
employs the pre-calculated gradient values obtained from
the edge detection process to automatically estimate the
proper threshold value. This leads to a reduction of the
computational time, since no extra information is needed.
The advantage of the GATE algorithm 1s that it is adapted to
the changes of various illuminations without any assistance.
The HMED algorithm has been also proposed to solve the
over detection problem caused by the vehicles with uneven
edge density. The experimental results reveal that the traftic
monitoring  system based on the proposed GATE and
HMED algorithm offers the high accuracy rate (98.51%). It
can be seen that the proposed algorithms are less complex
yet effective for vehicle detection and traffic parameter
extraction.
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Video Original image Fixed Threshold Adaptive Threshold
No, . ) (User defined Threshold) \ Il‘l)

(n) (o)

Figure 5. The original and result imagesof edge detection using fixed and adaptive threshold values
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