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Abstract. This study analyzes the traffic characteristics and manage-
ment within Bejaia metropolis (Algeria). Large scale spatial and tem-
poral land-use data were used to investigate the dynamics of land-use
change in this area. In this paper, we considered the case of the inter-
section of Aamriw (Bejaia’s city), using discrete event simulation. This
allowed us to calculate the main performance of the system with traf-
fic lights and with the construction of a hopper. We present simulation
results that show the validity of the queueing models in the computation
of average travel times. These results allowed us to make a comparison
between different versions, with traffic lights or with hopper.

Keywords: Modeling and verification of processes in logistics-based
systems + Urban congestion - Intersection - Traffic lights - Queueing
Theory

1 Introduction

With the rapid increase in the transport demand in this last decade, conges-
tion has become a mostly problem and frequently for the human mobility [18].
An effective policy of the transport is necessary to struggle against the urban
congestion. Building infrastructure is one of the most important accompanying
measure to reduce a road congestion. A question has been asked: the construction
of the infrastructure should it be continue, or the growing demand for mobility
should it be deplaced into public transport. Optimizing of the waiting time in the
intersection have advantages: save time for drivers, reducing pollution and fuel
use as well as through reducing congestion and improve the road safety [10,17].
The problem of congestion in an intersection persists and the construction of
a new infrastructure was envisaged in this work. For this reasons we propose
a study with the new situation. In this paper, we want to measure the traffic
flow at the intersection of Aamriw in the Bejaia’s city, using discrete event sim-
ulation. This allowed use to calculate the main performance of the system with
traffic lights and with the construction of a hopper. Bejaia is one of the major
towns of Algeria, located in the north to 180km east of the capital Algiers,
in edge Mediterranean sea. The density of Bejaia is a 481 inhabitants/ km? in
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2010, or in 1999 it was 276 inhabitants/km2. This evolution that exceeds 80 %
in this last decade reflect the society by any problems in particularly the urban
congestion. The city have an international commercial port, whose principal
activity is the transport of hydrocarbon. Moreover, for this year 2012, the port
of Bejaia has become the first wearing of Algeria in term of transported goods.
This city is one of the largest industrial centers due to its geographical location
and most dynamic in Algeria; that is why a proper transport policy is neces-
sary to struggle against the urban congestion and to answer at the request of
displacement.

The intersection of Aamriw situated in north west of the Bejaia’s city, is an
important point of exchange and distribution at the center. This intersection is
dense to traffic during the year, but the flows are different during the summer
and the rest of the year, for this reasons we are interested in the arrangement to
this intersection. The reasons of congestion in this intersection are:

— It is an important point to access at areas of Bejaia’s city, center of city,
OPOW stadium, Theddaden’s area and national road toward Boulimat,

— It is the transit point toward neighbor communes, and toward cities,

— Not conformity of existing indication,

— Insufficiency of the markings horizontal and vertical,

— The presence of anarchistic bus stops at the exit of the crossroads.

In order to cure the problem of urban congestion at this intersection, we used the
modelilisation of the road traffic by queues, of which the goal is to calculate the
average waiting time of a vehicle during a cycle. In practice, several solutions can
be considered like the improvement of the system of road signs, construction of
new roads, hoppers, etc. Because of the complexity of this problem, one solution
is not effective but a combination of these alternatives allows us to minimize
the problems of congestion. For this reason, we considered an arrangement of
this intersection by a static control system which is the traffic lights and by
construction of a hopper.

4= uapeppoy)

Fig. 1. Aamriw intersection



Urban Congestion: Arrangement of Aamriw intersection in Bejaia’s City 357

The remainder of this paper is organized as follows. In Sect. 2, we first present
a brief review of the existing work on stochastic queueing models and the mod-
eling of the traffic flow at signalized intersections. In this regards, we present the
methodology to calculate the average waiting time at signalized intersections.
The main performance of the system with signals timed and with the construc-
tion of a hopper is presented in Sects. 3 and 4. Finally, Sect. 5 gives the conclusion
and future work of this paper.

2 Literature Review

Congestion leads to delays, decreasing flow rate, higher fuel consumption and
thus has negative environmental effects. The issue of urban traffic control came
with the exponential growth in the number of vehicles on the roads, and inter-
sections are the points where traffic is dense [17,18]. Modeling the traffic flow
at signalized and unsignalized intersections has been discussed in many works
[3,5,7]. The arrival process in roadway traffic is modeled as singly arriving Pois-
son process [8,14] and as platoons to represent the behavior of the vehicles
moving between traffic signals [1,7,9]. Daganzo [1] presented a cell transmis-
sion model, representing the traffic on a highway with a single entrance and
exit, which can be used to predict the evolution of traffic over time and space.
Deschutter and Demoor [3] minimized the waiting time in a continuous man-
ner. Ahadar et al. [4] reduced the control system to a state of non-saturation
while minimizing an optimality criterion (the sum of the queues, the quadratic
form queues, etc). Cheah and Smith [12] explored the generality and usefulness
of state-dependent M/G/c/c queueing models for modeling pedestrian traffic
flows. Jain and Smith [13] used M/G/c/c state-dependent queueing models for
modeling and analyzing vehicular traffic flow on a roadway segment which can
accommodate a finite number of vehicles. Each vehicle space corresponds to a
server, thus, the maximum number of vehicles that can be accommodated on
the link provides the number of servers, c, in the queueing model. Heidemann
[5,6] studied the signalized intersections, and presents an unifying approach to
both signalized and unsignalized intersections. Vandaele et al. [16] used M /M /1,
M/G/1 and GI/G/1 queues with or without state-dependent rates to model
traffic flow. Van Woensel et al. [15] compared the queueing approach with other
approaches and its potential benefits are described and quantified. Raheja [11]
proposed an analytical model of uninterrupted single-lane traffic, using queuing
analysis.

Olaleye et al. [19] examined the traffic characteristics and management within
Abeokuta metropolis (Nigeria). Markov chain and descriptive analysis were used
to analyse the traffic characteristic of the Lafenwa and Ibara intersections, and
also to predict the short and long term daily traffic situation for the incoming
and outgoing traffics. The results predicted that provision of terminal facilities,
parking lots instead of on-street parking and adequate terminal facilities around
the intersections are suggested traffic management options to reduce traffic con-
gestion noticed at these intersections. Yonggang and Kyungyong [20] modeled



358 N. Guerrouahane et al.

the traffic at the intersection of Archer RD and SW 34 ST in Gainesville during
busy hours by using M/G/1 model. Based on the collected data they proposed
two approaches to make the system Ergodic, by increasing number of lanes or
by adjusting green light time for each direction. From the results, they saw that
increase of the number of lanes by 2 is optimal and increasing the green light
duration is easy to implement but not feasible in the traffic of SW 34 ST. In
our work, we examined the traffic characteristics and management within Bejaia
metropolis (Algeria). We modeled the traffic at the intersection of Aamriw using
discrete event simulation, and show the validity of the queueing models in the
computation of average travel times. Because of the complexity of this prob-
lem, one solution is not effective. In this case we proposed a combination of two
approaches to minimize the problems of congestion, by traffic lights and by the
construction of a hopper. The results obtained from the simulation we make it
clear that the traffic lights will not solve the congestion problems at the inter-
section of Aamriw and the construction of a hopper is necessary to cure this
problem.

3 Methodology

It is more reasonable, before looking at extending the network to use wisely
the existing infrastructure. As the use of road infrastructure controlled by a
signaling system, the question is how to exploit the best control of the system
to improve traffic flow. Modeling the traffic flow at signalized intersections has
been discussed in many works [3,6-8].

The real situation is complicated compared to the classical model of queues
[15,16]. The fact that during the red light, no departure is permitted and vehicles
do not go necessarily in order of their arrival except in the case of the intersection
that consists of a single road corridor. The establishment of a system of lights
at an intersection makes a separation in time of admission to different schools
of vehicles. We concerned with random variables:

— The average waiting time for a vehicle during a cycle,
— The average number of vehicles in the queue.

3.1 The Average Waiting Time in a Cycle

The average waiting time in a cycle can be found in Morris et al. [8] and is given
by:

E[W,] = E[Wg| + E[Wy], (1)
where
R 2
E(Wg) = E[/O (N(0) + A(t))dt] = R.E[N(0)] + %, (2)
and
EWy) = E| © N(tydr] = AR p(ARE[N(0)] + (AR)? + AR) 3

R 2(1 — Ap)? 2(1—Ap)
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in which A(t) is the number of vehicles reaching the system at [0, t], this interval
starts at the red light. N(0) is the length of queue at t = 0. W is the waiting
time of any vehicle during the red light (R). Wy is the waiting time of any
vehicle during the green light (V). W, is the waiting time of any vehicle during
acycle (C =R+ V). N(t) is the number of vehicles in the queue at “t”, p is the
necessary period for a driver to cross the intersection (time service) and A is the
average number of arrivals per hour.

Remark 1. The necessary and sufficient condition for the queue is in equilib-
rium is that the average number of arrivals at cycle is less than the number of
departures during the green. This means:

c c

with the relations (1) and (2), the average waiting time during a cycle for
any vehicle is:

)\C<%¢)\p<l—§é p:)\p<1—£ (4)

AR 2E[N(0)] 1
BT LA W A S e v

E[W.] ) ()
Using Little’s formula, we obtain the average waiting time during a cycle for
one vehicle as:

EWJ] AR 2EINOL 4 1+ ilp)). (6)

Remark 2. If the traffic is fluid, E[N(0)] can be negligible. Otherwise, calcu-
late the value of E[N(0)]. Morris et al. [8] calculated the probability generating
function of the initial size of the queue (N(0)).

3.2 The Directional Flow Analysis

According to the public works management 2010 [2], empirical observations of
the road traffic at the intersection of Aamriw are referred to Fig. 1.

— The channel 1 represents the flow from Wilaya on a global traffic of nearly
24 890 vehicles: 39 % for OPOW stadium, 35 % for Theddaden and 26 % for
Boulimat,

— The channel 2 represents the flow from Thaddaden on a global traffic of
nearly 9950 vehicles: 56 % for Wilaya, 32 %for Boulimat and 12 % for OPOW
stadium,

— The channel 3 represents the flow from the OPOW Stadium on a global
traffic of nearly 6170 vehicles: 65 % for Wilaya, 28 % for Theddaden and 7%
for Boulimat,

— The channel 4 represents the flow from Boulimat on a global traffic of
nearly 3980 vehicles: 59 % for Theddaden, 22 % for Wilaya and 19 % for OPOW
stadium.
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3.3 Statistical Analysis of Data

The adjustment of the probability laws of arrivals by theoretical laws was done
with the statistical software R. This software allows us to test adjustments
by different probability laws, discretes or continuous. Tests of Chi-square and
Kolmogoriv-Smirnov are used in order to adjust the law of the arrivals. For that,
each test is calculated in order to compare it with theoretical values and then
decide the rejection or acceptance of the hypothesis (H) of the model of queues:
Hy: “Arrivals; — Poisson ()\;)” ons Hy: “Arrivals; — Not Poisson (\;)”.

After trying several possibilities, the arrivals are Poisson at the crossroads for
each destination of each channel. Indeed, the values of the Kolmogorov-Smirnov
statistics (or Chi-square) calculated for the different destinations are all below
the tabular value at a confidence level of 1%. This allows us to accept the
hypothesis Hyp.

For each destination of each channel, the arrival rates, \;, are estimated and
given in Table 1.

Table 1. Arrival rate

Channel i 1 2 3 4
Ai (veh/sec) 0.54 0.23 0.15 0.073

3.4 Discrete Event Simulation

The data from the whole year of 2010 was used in the MATLAB (MATrix Labo-
ratory) to determine the performance of our system. MATLAB is an environment
of calculation equipped with a language of very high level with an interactive
interface and to apply in the fields of applied mathematics such as : numerical
calculation and mathematical modeling, programming of the mathematical algo-
rithms, etc. Simulation by discrete events indicates the modeling of a real system
such as it evolves in time, by a representation in which the sizes characterizing
the system change only into one finished or countable number of points isolated
in time. These points are the moments when the events occur. The simulation
queues allows us to calculate performances of our system (queue length, waiting
time, etc.). The principle of a queueing system is, when a costumer arrives, it
joins the queue if the server is busy, otherwise it immediately begins to be served.
The events of a phenomenon waiting are:

1. The arrival of a customer in the system,
2. The customer access server (the start of service),
3. The output of a customer in the system (the end of service).
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4 Comparison of Analytical Results with Signals Timed
and with the Hopper

4.1 With Signals Timed and Without the Hopper

We consider a fixed cycle with 90s, the green light is placed on the channels (1)
and (3) and the necessary period for a driver to cross the intersection when the
green light is on, is p = 3s. The average waiting time when decreasing the green
light period for the channels (1) and (3) (So the red light period for the channels
(2) and (4) is also decreased) are shown in the Table 2.

Table 2. The average waiting time for motorist at each channel

Cycle (V, R) Channel 1 Channel 2

U Analytical Simulate Analytical Simulate
(70,20) Congested - Congested -

(60,30) Congested - Congested -

(50,40) Congested - Congested -

(45,45) Congested - Congested -

(40,50) Congested - Congested -

(30,60) Congested - Congested -

(20,70) Congested - 61.8 75.23
Cycle (V, R) Channel 3 Channel 4

U Analytical Simulate Analytical Simulate
(70,20) 30 33.9 20 29.03
(60,30) 46 29.34 26 39.56
(50,40) 50 57.61 28 22.50
(45,45) 70 85.00 30 15.64
(40,50) 90 107.61 28 22.50
(30,60) Congested - 26 39.56
(20,70) Congested - 25 29.03

Interpretation of Results

For channels 1 and 2 (resp.Wilaya, Thedadden) the stability condition (3) is not
checked for comnsidered cycle, which means that both channels are congested.
Note that for channel 2 (Ihedadden), the system will be stable if the red period
for this channel is less than 27 s (according to (3)). But this will cause congestion
of the channel 3 (OPOW Stadium). For channel 1, so that it is not congested it
is necessary that the red period tends to zero and the service time is minimal.
This clearly justifies the development of a new road.

4.2 With Signals Timed and With the Hopper

The governments has addressed the problem of congestion of the intersection
of Aamriw. One of the solutions suggested in urgency is the construction of a
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Table 3. Comparison of wait times for each variant of hopper and without hopper

Cycle (V, R) Variante 1 (Y) Variante 2 (arc) Without hopper
Channel 1 Analytical Simulate Analytical Simulate Analytical Simulate
(70,20) Fluid Fluid 26.32 28 Congested -

(60,30) Fluid Fluid 20 18.12 Congested -

(50,40) Fluid Fluid Congested - Congested -

(45,45) Fluid Fluid Congested - Congested -

(40,50) Fluid Fluid Congested - Congested -

(30,60) Fluid Fluid Congested - Congested -

(20,70) Fluid Fluid Congested - Congested -
Channel 2 Analytical Simulate Analytical Simulate Analytical Simulate
(70,20) Congested - Congested - Congested -

(60,30) Congested - Congested - Congested -

(50,40) 35 33.83 Congested - Congested -

(45,45) 23.15 29.25 Congested - Congested -

(40,50) 26 28.45 Congested - Congested -

(30,60) 20 25 Congested - Congested -

(20,70) 11 10.22 62 75.23 61.8 75.23
Channel 3 Analytical Simulate Analytical Simulate Analytical Simulate
(70,20) 20 18.51 30 33.9 30 33.9
(60,30) 40 35.98 46 39.34 46 29.34
(50,40) 48 50 48 50 50 57.61
(45,45) 33 38.05 33 40 70 85.09
(40,50) 58 61.82 58 61.82 90 107.61
(30,60) Congested - Congested - Congested -

(20,70) Congested - Congested - Congested -
Channel 4 Analytical Simulate Analytical Simulate Analytical Simulate
(70,20) 40 47.64 40 47.64 20 29.03
(60,30) 38 45.77 38 45.77 26 39.56
(50,40) 30 30 30 30 28 22.50
(45,45) 28 28 28 28 30 15.64
(40,50) 28 30.40 28 30.40 28 22.50
(30,60) 20 26 20 26 26 39.56
(20,70) 15 11.18 15 11.18 25 29.03

hopper in order to increase the number of lanes (what reduces the arrival rate
which pass by this intersection). Two variants are currently being discussed.

The first variant is a hopper “Y’, for the arrivals of channel 1 (Wilaya) towards
channels 2 and 3 (resp. Thedadden, OPOW Stadium), and the arrivals of channel
2(Thedadden) towards channel 1 (Wilaya ) (will have to go through the hopper).
As for other locations, these drivers will go through the intersection (Arrivals
channels 3 and 4 respectively, OPOW Stadium and Boulimat, will not change
their habits). Hopper ‘Y’ increases the lane number by 2.

The second variant is a hopper ‘arc’, for the arrivals of channel 1 (Wilaya)
towards the channel 2 (Thedadden). Hopper ‘arc’ increases the lane number by 1.
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In what follows, we will simulate the state of the intersection after the con-
struction of the hopper, to determine the average waiting time for motorists
entering the intersection. After an interpretation of the results, we will compare
the two versions in terms of average waiting time.

The comparison of the average waiting time for each variant of hopper and
without hopper is represented in Table 3.

Interpretation of Results

According to the simulation results of the two variants of the hopper, it is noted
that with the second variant (arc), the congestion will not be eliminated, for
channel 1 (Wilaya), traffic will be smooth for some cycles ((70,20), (60,30)) and
congested for others, but the channel 2 (Thedadden) will remain congested for
some cycles (except the cycle (20,70)), so this hopper is not efficient in terms
of waiting times for motorists from channels 1 and 2 (resp. Wilaya, Thedadden).
For the others channels 3 and 4 (resp. Boulimat, OPOW Stadium) there will be
no improvement.

With the first variant (Y) traffic for channel 1 (Wilaya) will be fluid. For
channel 2 (Ihedadden) traffic will remain congested only for two cycles (70,20)
and (60,30). We can then conclude that the first variante (Y) is more appropriate
to reduce congestion at the intersection of Aamriw.

5 Conclusion and Future Work

In this paper, we measured the traffic flow at the intersection of Aamriw (town
of Bejaia, Algeria). We used discrete event simulation to calculate the main
performance of the system with traffic lights and with the construction of a
hopper. The results obtained from the simulation make it clear that the draft
hopper is necessary to remedy of the congestion problems at this intersection,
the traffic lights will not solve this problem.

Comparing the average waiting time, with both types of hopper : ‘Y’ and
‘arc’, it appears that the hopper ‘Y’ would be more beneficial to motorists in
terms of saving time.

Our future work will include the extension of the current consideration with
application of a dynamic control systems at signalized intersections which cer-
tainly captures more dynamics of traffic flow. At the same time, congestion level
will be differentiated by peak, non-peak hour, and accidents to categorize the
dynamics within different time periods.

Acknowledgments. The authors wish to thank the anonymous reviewers whose con-
structive suggestions helped improve the paper. The authors are especially thankful
to Public Works Management of the town of Bejaia for providing accessibility to their
vehicle data at the study intersection.
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