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Abstract: Finding optimal routes for vehicles to reach their destinations is deemed to be a significant challenge and that is an
objective in Intelligent Transportation Systems (ITS). In this paper, we propose a mechanism for vehicle routing based on the
availability of updated traffic information. The proposed mechanism includes two phases. In the first phase, we propose a TIS
(Traffic Information System) which collects the updated traffic status and stores it in the traffic information center. The proposed TIS
approach consists of wired or wireless infrastructure and ad hoc inter-vehicle communications. This information will be used for
vehicle navigation when a vehicle intends to run some errands. In the second phase, through exercising the available updated traffic
information; we propose two different Dijkstra-based vehicle route suggestion algorithms named one-step vehicle path suggestion
and step-by-step vehicle path suggestion. In the former, the algorithm is invoked only once at the beginning of the trip in order to
obtain the best route towards the destination. The obtained route is then used by the vehicle throughout the journey. Nevertheless, in
step-by-step path suggestion algorithm the suggested route toward the destination is being updated and refreshed at each intersection.
The proposed step-by-step algorithm is further enhanced by two novel methods for avoiding loop creation. Results of the extensive
simulation study using NCTUns 6.0 network simulator shows that both of the routing algorithms use the updated traffic information

while the step-by-step algorithm outperforms the one-step path suggestion algorithm.
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1 Introduction

The soaring trend in producing vehicles and the necessity
for utilizing the personal cars as well as public vehicles in
modern life, have made people reluctantly spend significant
amount of time while commuting. Needless to say, heavy
traffic congestion aggravates this problem. Traffic congestion
has various negative effects on travellers, businessmen,
agencies and cities. According to TTI’s 2011 urban mobility
report, collected from 439 U.S. urban areas; Schrank et al.t!
discussed that one major factor is the amount of time and fuel
wastage. According to this report, the top 15 urban areas
comprise approximately 58% of the delay estimated for 2010,
and the top 20 areas account for over 65% of annual delay.
Furthermore, the urban districts with the populations of more
than 3 million; accounts for 1.6 billion gallons (about 70% of

the national estimation) of fuel wastage. As the congestion
each year, the
accordingly.

increases imposed cost will increase

As shown in Table 1; the overall cost of congestion in urban
areas is $100.9 billion in 2010 or an average of $713 per auto
commuter. Therefore decreasing congestion level may lead to
travel time and fuel consumption reduction and more
importantly huge cost reduction. For decades, Intelligent
Transportation Systems aim at improving the quality of urban
transportation systems through employing various advanced
technologies. Clearly, finding the efficient routes is an
important objective in ITS which can be achieved through
these two mechanisms: (1) Traffic information systems, (2)
Vehicle routing protocols. Through the former mechanism
real-time traffic information can be acquired, e.g. the density
and speed of the vehicles; and the latter one makes use of the
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acquired traffic information in order to obtain the routes that

the drivers should take.

Table I Congestion effect on the average commuter (for 439 U.S. urban areas)!")

Congestion statistic per auto commuter

Population Group Average Cost ($) Average Delay (hours) Average Fuel (gallons)

Very large areas 1083 52 25
Large areas 642 31 11
Medium areas 429 21 5
Small areas 363 18 4
Other urban areas 327 16 3
439 area average 713 34 14

439 area total 100.9 billion 4.8 billion 1.9 billion

Most of the current vehicle route suggestion systems use
pre-set and offline city map along with the navigation data
obtained from the GPS. Nadi and Delavar’” enhanced the
capabilities of these systems by utilizing offline and estimated
traffic status which is mostly based on the previous historical
data. However, these systems suffer from not employing the
real-time traffic information in their routing process. As a
result, their suggestions might not always be the optimal
option due to the rapid change of traffic status. Recent
progress in vehicular communications based on DSRC
(Dedicated Short Range Communications) systems makes it
possible to obtain traffic information in a real-time manner.
With the information employed in vehicle route suggestion
algorithms, more efficient routes will be attained.

The proposed approach includes two major phases. (1)
Updated traffic information collection; (2) Vehicle route
suggestion. In the first phase, we make use of the capabilities
of inter-vehicle communications in order to design and
implement the traffic Information system. In the second phase,
through applying the collected traffic information, each RSU
(Road-side unit) can find the best route towards the destination.
For this purpose, we have proposed two algorithms called
one-step vehicle path suggestion and step-by-step vehicle path
suggestion algorithm.

The rest of this paper is organized as follows: Section 2 is
aimed to give an overview of the related work. In section 3, the
proposed mechanisms for both phases are explained. In section
4 the complexity analysis for both algorithms is precisely
explained. In section 5 the simulation framework is described
and the obtained results are evaluated. Eventually, section 6
sums up the study and summarizes our findings.

2 Related works

Since our work consists of two major phases, namely traffic
information collection and optimal path suggestion process,
some of the previous studies regarding both issues have been
surveyed in the following.

2.1 Traffic information systems

In the field of ITS there are several ways to acquire the traffic
information. Some of the most common methods include video
and image processing, infrared sensors, magnetic sensors,
inductive loop detector and piezoelectric Sensors. Mimbela and
Klein™ discussed the pros and cons of each these methods in
details. Since those methods are not suitable enough in large
scales and also cannot be applied in all weather and traffic
conditions, some newer and more applicable methods have
been proposed. Some of those novel methods are as follows.

In more advanced methods GPS (Global Positioning System)
is used as a supplementary tool for traffic information
collection. Dhingral and Gull'¥ discussed the relationship
between car speed, road capacity and road density. In this study
a traffic model has also been proposed by observing and
formulating historical traffic information and the developed
model can be exercised to evaluate and estimate the number of
vehicles in an urban environment. Skordyli and Trigoni*™ used
stationary Aps (Access Points) in order to detect the vehicles’
speed and the road density to help their protocol to plan
navigation paths. However, the road density is hard to be
detected using stationary access points. Therefore, the average
vehicle speed detected by sensors has been considered and the
number of the vehicles on a road is calculated according to the
traffic flow theory Dhingral and Gull 1.
Vehicle to vehicle communications is also taken advantage

1. proposed a method

in some recent methods. Kitani et a
which efficiently collects, retains and propagates traffic
information via inter-vehicle communication with “message
ferrying” method. In the proposed method, buses have been
used as message ferries which travel along regular routes. For
improving information propagation performance in low density
districts, buses collect as much traffic information as possible
from the vehicles in their proximity and disseminate this

information periodically to the adjacent vehicles.
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Khosroshahi et al.”! proposed a new scheme for obtaining
real-time traffic information in inter-urban routes which is
mainly based on the combination of vehicular ad hoc networks
with using IVC (Inter-vehicle communication) and VRC
(Vehicle
conventional systems. An appropriate cost function and its

road-side device communication) and also
parameters have also been defined. New parameters such as
uncertainty are proposed for the first time to solve the route
guidance problem using traffic information.
2.2 Vehicle path suggestion system

The classic SP (Shortest path) problem has been widely

investigated in literature. Fan et al. ™!

proved that when the
utility function is linear or exponential, an efficient variant of
Dijkstra algorithm can be employed in order to calculate the
optimal route whenever the network is characterized as
stationary and stochastic. Delling and Wagner"”' demonstrated
that the standard SP algorithms are not capable of finding the
minimum expected cost path when the network is
non-stationary, dynamic, and stochastic and also the optimal
route cannot be processed as a regular path. Instead, it has to be
calculated based on a rule aka policy since there exist many
dynamically changing parameters so that some policy-based
decisions need to be made. Boutilier et. al.'”, Feldman and
Valdez-Flores!"'"! investigated this issue. Bander and White!'”
presented the AO* algorithm for a non-stationary, stochastic
shortest path problem with terminal cost. For the non-stationary

deterministic case, Hashemi et al.l'’!

investigated transit and
parking time with time-varying cost for finding the shortest
paths. Lim et al."* implemented an algorithm to determine the
optimal path considering the delay probability distribution.

1.1 [16]

Kim et al.' >, and Psaraftis and Tsitsiklis' ™ elaborated the case

when the congestion status of each edge is available for the

U7 applied this algorithm.

driver. Ramalingam and Reps
Moreover, among the algorithms proposed for the DSP
(Dynamic shortest Path) problem, the RR algorithm seems to
be the most applied one. This algorithm which is a
fully-dynamic DSP algorithm, updates the shortest paths
incrementally. Buriol et. al."*), Frigioni et. al.""”, and Fortz and
Thorup"” have employed this algorithm in their researches. It’s
been proved that the RR algorithm is an efficient approach for
solving the DSP problem in terms of performance.

Goel et al.?"

investigated a time-constrained shortest path
problem which tries to find a shortest path from a single source
to all destinations within a time constraint. They have proved
that this problem is NP-hard. In practice, due to huge number of
vehicles, any path suggestion algorithm should be run in a
distributed manner with tough timing deadlines. It means that
each vehicle obtains the best possible path by itself without

relying on any centralized entity. Besides, the speed of path

suggestion algorithm is the main concern. Most of the
above-reviewed works are essentially centralized and/or
time-consuming. This indeed hinders their usage for practical
usages in large urban environments. Many navigational
products have been employed for several years and they
attempt to discover the shortest paths for users with various
sources and destinations™”>**!, These systems often discover the
shortest route according to the static geographic maps but the
calculated route may become congested due to dynamic traffic

alteration. Chen et. al.”*¥

employed a table of historical traffic
information maintained using Intelligent Transport Systems for
road density estimation.

The proposed path suggestion algorithm is different from the
above-reviewed previous works in several aspects. First, it is
on-demand ( meaning that the route is found and suggested
upon vehicles’ request) despite many of the previous works
which are proactive in nature for instance, the researches
accomplished by Chen et al.” and Fan et al.”®. Second, our
approach does not depend on cell phone availability and the
number of cell phones inside vehicles, despite cellular-based
approaches such as that of Lin et al.”® Third, due to the lower
cost of RSUs compared to cellular base stations, in our
approach each RSU’s interface (directional antenna) covers
only one street while in cellular-based approaches the cellular
base station may cover several streets simultaneously which
causes inaccurate density estimation for each street.

The reason why we made use of the DSRC protocol and
why this protocol is advantageous compared to other
communication networks are in order. Both Wi-Fi and ZigBee
standards work at unlicensed 2.4 GHz band, thus they easily
get network interference or management overhead. In addition,
their radio ranges are relatively shorter than DSRC. Other
WPAN and WLAN techniques have obvious drawbacks. For
example, Bluetooth (IEEE 802.15.1) has a 723 Kbps data
rate and up to 10m radio range, but it only supports eight
active devices and its network join time is too long (3s).
Similarly, RFID (Radio Frequency Identification) techniques
have problems in terms of radio range and low data rate. They
can be used in vehicle identification and ETC (Electronic Toll
Collection) application, but not for general IVC usages.

The latency of DSRC technology is about 200 micro
seconds compared to cellular networks which is 1.5-3.5
seconds and satellite which is 10-60 seconds, its latency is
considerably low. DSRC is especially designed for all ranges
of ITS applications, thus normally it will have a better
performance. Table 2 presents a comparison of the wireless
sub-layer techniques that are available for current or near
future IVC/ITS; which is partly taken from the research of
Diao et al.'*,
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Table 2 Comparison of considerable wireless sub-layer techniques

[26]

Name Max range Max data rate Licensed band Mobility Infrastructure necessity
DSRC 1 km 27 Mbps Yes Very high Customizable
144 kbps (vehicle)
3G: UTRA-TDD 1 km 384 kbps (outdoor) No High Yes
2 Mbps (indoor).
40 Mbps (static)
4G: WIMAX 50 km Customizable High Yes
14 Mbps (mobile)
100 Mbps .
4G: LTE 100 km Customizable Very high Yes

(static and mobile)

3 Proposed mechanism

The proposed approach comprises two major phases. (1)
Traffic information collection,(2) Vehicle path suggestion. In
the first phase, we employed capabilities of inter-vehicle
communications in order to design a TIS in order to acquire
updated traffic information. To obtain the traffic information
including traffic density and vehicles’ speed; directional
antennas have been situated at the entrance of each street to
collect traffic information which will be sent to the data centre.
When a vehicle intends to set off, it sends a request to the
nearest RSU in its vicinity. All RSUs are assumed to be
connected to each other and to the data centre via a wired or a
wireless network. In our simulation, we make use of WiMAX
networks while other 2.5G (like GPRS and EDGE) or 3G

cellular networks can be other feasible candidates. In the

second phase, each RSU calculates the best route towards the

destination. For this purpose, we have proposed two algorithms

called one-step vehicle path suggestion and step-by-step

vehicle path suggestion.

3.1 Phase 1 Traffic information collection approach
Through vehicular communications, it is possible to

establish connections between vehicles and RSUs in an urban
environment. In the proposed method each RSU obtains the
traffic status of its corresponding road segments and this

information will be transmitted to the data centre. The overall

architecture is depicted in Fig. 1.

Fig.1 The communication between vehicles and RSUs (A), RSUs and the data center (B) Adapted from

As shown in Fig. 1, RSUs are situated at specific locations of
the city such as intersections. These RSUs are multi-interfaced
which means that one RSU can be equipped with several
wireless interfaces. IEEE 802.11 interfaces, cellular interface
(GPRS), satellite interface and WiMAX interface are some of
the typical examples of the utilized interfaces. Each RSU

[27]

covers some specific streets. For example in a crossroad, four
802.11wireless interfaces and a WiMAX/GPRS interface will
be required. Four 802.11 wireless interfaces are intended to be
used for receiving the data sent by the vehicles and also for
sending the traffic status from the data centre to the vehicles.
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Furthermore, a WiMAX/GPRS interface is aimed to be used
for transmitting data to or from the data centre.

3.1.1 Vehicles position detection using directional
antennas

Directional antennas periodically send some information
including street-ID, RSU-IP and RSU-port (i.e. socket address)
of the respective street. Whenever a vehicle arrives at a street it
receives this information from the directional antenna, then the
vehicle will be able to specify its position and sends its location
information along with the previous street-ID to the RSU. The
information including the street’s name/ID and RSU’s IP
address are used for establishing the further connections.

The reason that directional antennas have been applied is that,
these antennas focus on one specific direction and are able to
cover longer transmission and reception range and carry out
more simultaneous transmissions and receptions within fewer
steps. Ramanathan et al.”® discussed the advantages of
directional antennas in details. Another merit of using
directional antennas is that since they only communicate with
those vehicles that are moving along a certain street the signal
interference would be decreased significantly.

3.1.2 Connection establishment

There are two types of connections in the proposed
architecture: Firstly, the connection between vehicles and
RSUs and secondly the connection between RSUs and the data
centre. After receiving the current street-ID and the RSU’s
information, vehicles can establish a TCP or a UDP connection
with the respective RSU, and transmit the ID of the previous
street to it. The direction of the vehicles can be determined by
using the previous street-ID and the current street-ID. Since
RSUs are multi-interfaced and one interface is assigned to each
street, that interface can simply recognize that from which
street the data has been received. Then the RSU sends the ID of
the previous and the current street to the data centre to update
the density of each street. TCP is normally used to establish a
connection between vehicles and RSUs; however, UDP is also
a feasible option provided that some reliability measures are
taken. The RSU socket address is transmitted by the directional
antennas, which indicates that a RSU with a certain IP address
is currently listening to the passing vehicles. The corresponding
communication is labelled 4 in fig.1.

The communication between RSUs and the data centre has
also been taken into account according to the proposed
architecture. Although other alternatives may be used, in this
study we used the centralized architecture. That is, All RSUs
send the collected traffic information to a centralized data
centre. It should be noted that if RSUs have adequate amount of
storage and processing power they can play the role of data
centre as well. Two most practical options for this step would
be applying WiMAX (in the Point to Multi-Point mode) and
cellular networks (such as GPRS and EDGE). In the
simulations conducted in this study, we employed WiMAX

connections between RSUs and the data centre; the
corresponding communication is labelled B in fig. 1.
3.1.3 Data center functionality

Data centre has two main functions, (1) Updating the
centralized traffic information database, (2) Informing all
RSUs about the latest traffic status alterations. To accomplish
the first function, after receiving the data through
WiMAX/GPRS networks, the data centre updates the database.
The data received from the RSUs include the followings:

(O The ID/name of the previous street;

@ The ID/name of the current street.

According to the previous and the current street ID, the data
centre specifies the vehicles’ direction and updates the database
as follows: the data centre decreases the number of vehicles
characterized with the previous street-ID by one and adds one
unit to the number of vehicles associated with the current street.

To accomplish the second function, after updating the traffic
information database, the updated data will be transmitted from
the data centre to the RSUs through WiMAX/GPRS network.
There are two possible methods in here:

© Instantaneous update: transmitting data to the RSUs

immediately after being updated in the data centre;

@ On-demand update: transmitting the updated data to the

RSUs in case it is demanded by the vehicles.

In Instantaneous Update mode, as soon as the data is updated
in the data centre it will be transmitted to the RSUs. The benefit
of using this method is that the response time of the requests
that the vehicles have sent in order to receive the updated data
is considerably low. In the On-demand update, in case a traffic
status request is made by the vehicles, the data will be
transmitted from the data centre to the RSU and successively to
the given vehicle. One of the outstanding advantage of the
On-demand update is that notably small amount of data is
exchanged between the RSUs and the data centre; however, in
this mode, data is transmitted to the vehicles with slightly more
delay compared to the Instantaneous update.

3.2 Phase 2 Vehicle path suggestion approach

For each requesting vehicle, we propose two algorithms
aiming at suggesting a route towards its destination.

When a vehicle wants to get the optimal path towards the
destination, it sends a request packet to the RSU and asks for
the latest traffic information. Having received the vehicle’s
request, if the update process in RSUs has been set to
on-demand mode, the RSU sends a traffic-information-update
request to the data centre and the data centre sends back a reply
packet containing traffic information update to the requested
RSU. Afterwards the RSU sends the wupdated traffic
information to the respective vehicle. If the update mode has
been modified to Instantaneous, it conveys that RSUs already
have the latest traffic information and no further traffic-update
request would be necessary and all that RSUs have to do is
sending the latest traffic update to the requested vehicle.
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As soon as the vehicles receive the updated traffic
information from the RSU, the process of finding the optimal
possible route initiates. The routing process can be performed
at RSU-side or the vehicle-side. The vehicle-side routing
process is preferred, since it can help the network to reduce the
congestion and the overhead of RSUs.

In order to find the optimal route, first we need to convert the
city map into a graph, and then use a routing algorithm (such as
a single-source and single-destination Dijkstra). Assume that
the streets have the features shown in Fig. 2 below; i.e., they are
two-way and letters Al, A2, B1, B2, -+, represent the streets
names and status. For instance, A1 and A2 represent the traffic
status between intersection 1 and intersection 2 respectively.
Al represents the traffic status from intersection 1 to
intersection 2, and A2 represents the return path.

P
A2 B2 C2
1 2 3 4
Al Bl Cl
—>
D2 DI E2 El F2 Fl
lcz Gl T : X2 2
5 6 7
K1 L1
H2 HI 12 11 J2 J1
M2 N2 02
8 9 10 11
Ml N1 Ol

Fig.2 An example of a street in an urban environment which can be
converted into a graph

The number of vehicles present in each street will form the
weight of the graph’s edges (i.e. streets), and the intersections
will be represented as the nodes. The details of weight function
opted for this paper is mentioned in section 5.2. It should be
noted that the process of finding the shortest route for the
vehicles will be based on the latest traffic status of the streets
and also the streets’ length. Since the streets are two-way, the
graph of the streets depicted in Fig. 2 will be a directed graph
shown in Fig. 3 below.

< A2 < B2 o 2
1 - > 2 X N N 4
Al A Bl 7 A Cl N
ool [ o1 E2| |E1 F2| |F1
a2l a1 < \
= 3 6 N5 7
A ZIA A
2| |H1 2||n 2| (n
3 < M2 < N2 Yl ¢ 02
= 5 9 = 3 10 2 3 11
M1 7 N1 < Ol Z

Fig. 3 The graph representation of the city map of Fig. 2

After determining the weights of the graph’s edges, a
standard shortest path routing algorithm such as Dijkstra or one
of its variants can be applied to the network graph. We propose
two approaches for the route suggestion problem as follows:

(O One-step vehicle path suggestion;

@ Step-by-step vehicle path suggestion.
3.2.1 One-Step vehicle path suggestion

Vehicles perform the routing process only once in one-step
manner, by using the updated traffic information, and then
moves towards its destination following the calculated route.
Since the routing process has been done in one single step and
the traffic status alters dynamically, the respective vehicle
might get stuck in traffic congestion.

Assume that a vehicle is located in intersection 1 as depicted
in Fig. 2, the route for this vehicle towards its destination will
be determined based on the updated traffic status as follows:

1-2—-53-56—-10—11

Since the route suggestion process is operated in a
non-dynamic wayi, it is probable that when the vehicle arrives at
intersection 3 the street E2 gets congested so the vehicle will
encounter heavy traffic jam and it’ll get stuck there for a
considerable amount of time. Having implemented the Dijkstra
algorithm proposed by Wang and Ledley *”), this method finds
the shortest route based on the weights of graph’s edges.

3.2.2 Step-by-step vehicle path suggestion

In this approach similar to one-step method, vehicles use
updated traffic information to navigate towards their
destinations. However in contrast with one-step approach, at
each intersection the routing process will be repeated, hence
any traffic status alterations will be taken into account. Since
the optimal path is updated at each intersection based on the
newly updated traffic information, the probability of getting
stuck in traffic jam significantly diminishes.

In step1 the path suggestion process initiates, and from step2
on; the path suggestion process restarts. In other words at the
first intersection (stepl) the process is identical to one-step
method, and from the second intersection on, the process will
be performed according to step-by-step path suggestion
approach.

For example, assume that there is a vehicle at intersection 1
and its destination is intersection 11. The specified route for the
first step of routing based on the data obtained from the data
centre is as follows:

Stepl 1-2—-53—-56—->10—11

Since the routing process is being done for the first time at
stepl (intersectionl) (lines 1-5 in pseudo-codes of Fig. 4 and
Fig.5), therefore the path suggestion process will be performed
identical to one-step method. Since the pseudo-codes are
illustrated by C language, the indices are initiated from 0.

Along this route, the vehicle continues to navigate towards
intersection 2. As soon as it arrives at intersection 2; it requests
the nearby RSU for the latest traffic information. Having
received the information from the data centre, the vehicle
implements a new routing process with the start point 2 and the
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destination 11. From intersection 2 the path suggestion process
will be iterated (lines 5 on, in Fig. 4 and Fig. 5). The newly
generated route at this step is as follows:

Step2 1-52—-5—-6—->7—11

As soon as the vehicle arrives at intersection 5, this vehicle
sends a request to the closest RSU to request for the latest
traffic information. After receiving the updated traffic
information from the RSU, the last routing process will be
performed, this time with the current location 5 and the
destination 11.

Step3

The path suggestion process will be iterated until the vehicle

]152-55-56—>7—>11

reaches its destination.

Stepd 1 -2—-5—-6—-10—11

Step5 1-2—-5-56—->10—11

In step-by-step path suggestion method, the main challenge
might be the loop creation issue. Assume that the start point is
intersection 4 and the destination is 8, the routing process
including stepl, step2, and step » is as follows:

Stepl 4 >3—-56—-510—-9—38

Step2 4 —>3—-56—->10—-9—38

Step3 4->3—-56—>55—-59->38

Stepd 4 >3 ->6—->5—-2—>1->8

StepS 453 -6—-5-2—-3—-6—->10—-9—-8

Step6 4 >3 —>6—-5-2-3-56—->10-9—>8

Step7 45356555253 -56—>5—->9—>8

Step§ 4-3—-6—-55-2-53-56—->5-59—>8

Step9 4 -3—-6—-5-2-3-6—->5—-9—>38

Stepl0 4>3—->6—->5—-52—>53>56—>55-59->8

Considering the steps above a loop has been created in step 5.
According to the normal behaviour of the shortest path
algorithms, the decision in each step is made without having
any knowledge of the previously travelled routes. We have
proposed two approaches to sort out this problem namely, loop
avoidance and loop detection.

In loop avoidance method, before the routing process is
initiated, the weight of the streets through which the vehicles
transit will be adjusted to infinity and the routing process will
restart. For example in step 2, before the routing process
restarts; the weight of street C in the graph will be set to infinity.
In step 3, the weight of the streets C and E will be adjusted to
infinity. Prior to routing process, this procedure is continuously
performed until the vehicle reaches its destination. Because the
adjustment of the weight values does not completely sort out
the loop issue, it is essential to label those intersections
(vertexes in the graphs) that the vehicles have already passed as
previously-visited intersections. Then the vehicles won’t pass
the intersections again and the loop creation will be avoided
this way. Through applying the previously-visited intersections
as an effective parameter, loop creation issue can be resolved.
Note that, the desired algorithm has to be modified according to
some other criteria such as previously-visited intersections,
besides the edges’ status to achieve the above-mentioned
purpose. The pseudo-code of step-by-step vehicle path
suggestion improved by the loop avoidance mechanism is
shown in Fig. 4.

Distance(path[i],path[i+1]):= infinity;// visited Edges (Streets)

Path[from step to end]<-S; //add continue path from Sequence S to Array path, visited Vertexes (intersections)

// Solution 1: Loop Avoidance mechanism

1 step:=0; // Path[step] equal current intersection
2 u := target;
3 Dijkstra(Graph, source);
4 Path[]<-S; // Sequence S copy to Array path
5 step:=step + 1;
6 while path[step] is defined:
7 for i:=0 to step-1
8
9 Distance(path[i+1],path[7]):= infinity;
10 end for;
11 Dijkstra(Graph, path[step]);
12

are in path [from 0 to step].
13 step:=step + 1;
14 end while;

Fig. 4 Step-by-step vehicle path suggestion improved by the loop avoidance mechanism
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// Solution 2: Loop Detection
1 step:=0; // Path[step] equal current intersection
2 u := target;
3 Dijkstra(Graph, source);
4 Path[]<-S; // Sequence S copy to Array path
5 step:= step + 1;
6 while path[step] is defined:
7 L:=1;
8 while(L=1)
9 Dijkstra(Graph,path[step]);
10 If(loop detect)
11
12 else
13 L:=0;
14 end while;
15

(intersections) are in path [from 0 to step].

16 step:= step + 1;
17 end while;

infinity one(or multiple) edge(s) in Distance as cause Loop

Path[from step to end]<-S; //add continue path from Sequence S to Array path, visited Vertexes

Fig. 5 Step-by-step vehicle path suggestion improved by the loop detection mechanism

In the second method called loop detection, first the shortest
route is generated and then the loop detection algorithm is
applied. In case there is a loop, the value of a street or more than
one street, is adjusted to infinity. The pseudo-code of
step-by-step vehicle path suggestion modified using the loop
detection mechanism is shown in Fig. 5.

F2[ [F1
G2| |Gl

N

12| (11

- > 11

Fig. 6 Loop avoidance mechanism

As an example, in Fig. 6 a scenario of the step-by step
vehicle route suggestion is proposed in which route avoidance
mechanism has been employed. Assume that a vehicle wants to
navigate from intersection 1 to intersection 11, it has to go
through the following steps.

Step 0

Source=1, u=11, path = 1-2—3—-4—-7—-11

Step 1 when the vehicle arrives at intersection 2

source = 2, u = 11, path = 1-52—-5—-6—>7—11, weight
streets Al = A2 =0

Step 2 At intersection 5

Source = 5, u = 11, path = 1-2—5-9—-10—11, weight
streets Al = A2 =c0cand D1 =D2 =

Step 3 At intersection 9

Source = 9, u = 11, path = 1-2—5-9—-10—11, weight
streets Al=A2=wand D1 =D2=wand Hl = H2=o

Step 4 At intersection 10

Source = 10, u = 11, path = 1-2—-5-9—-10—11, weight
streets Al = A2 =ow and D1 =D2 = and H1 = H2 = and N1
=N2=w

And next step will be the last one therefore the vehicle
navigates to intersection 11 which is the destination.
3.3 The system requirements and limitations

The requirements and limitations of our system are as
follows. The equipment for the vehicular communications has
to be situated at the appropriate locations, such as RSUs,
OBUs and directional antennas. The RSUs have to be installed
at the intersections, OBU on the vehicles and the directional
antennas at the street’s entrance. The system requires an
acceptable penetration rate i.e. the number of vehicles that are
equipped with the OBUs. If the penetration rate is not
acceptable enough, this approach won’t work efficiently. And
last but not least, if the path suggestion process wants to be
performed at the vehicle-side, the vehicles have to be
equipped with the required processors and the user interface,
in order to display the destination and routes.

4 Complexity analysis

The loop avoidance method and the loop detection method
have been illustrated above. The number of vertices is depicted
as n and the number of edges as e. In the complexity section
we’ve assumed that the time complexity of Dijkstra algorithm
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is O(n%), although it can be improved to O(e + nlogn) using an
appropriate data structure®®”.
4.1 One-step vehicle path suggestion

In this method the routing process will be performed only
once at the first intersection, then the calculated route will be
followed throughout the journey. Thus, in this mode the only
time complexity is the complexity of the routing algorithm. In
other words the time complexity of the loop detection will be
O(1). Since the routing process has been done in a single step
hence no loop has been created. Considering the time
complexity of Dijkstra algorithm mentioned-above, the overall
complexity of one-step method be
T(n) = 0(1)+ O(nz) = O(nz) .
4.2 Step-by-step vehicle path suggestion

In this section we evaluate the time complexity of the
step-by-step vehicle path suggestion mechanism under both
loop avoidance and loop detection enhancements.
4.2.1 Solutionl : Loop avoidance

will

As it’s been mentioned in loop avoidance section, the
weights of the streets that the vehicles transit will be adjusted to
infinity, and the previously-visited intersections are considered
in generating the new route. The pseudo-code of loop
avoidance mechanism has been illustrated in Fig. 4. The time
complexity of this algorithm at each intersection in worst-case
scenario equals to O(n). Considering the loop avoidance
pseudo-code, and the execution time of Dijkstra algorithm, the
overall time complexity would be T(n)= O(n)+O(n*)+O(n) =
o).

4.2.2 Solution 2: Loop detection

The pseudo-code of loop detection mechanism is illustrated
in Fig. 5. In case there is a loop in the newly produced route in
relation to the previously-visited routes, the weight values of all
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streets which led to loop creation have to be adjusted to infinity.
Time complexity of loop detection method in the worst case
will be O(¢?); the time complexity of While loop in line 8 of
Fig.5 will be O(e). As a whole, the time complexity of loop
detection method will be O(¢”) (at each intersection).

As it’s been illustrated in Fig. 7, the number of two-way
streets will be approximately three times more than the number
of intersections. In calculating the time complexity, O(3r’) is
considered as O(n’); thus, the time complexity of the loop
detection method will equal to O(1").

Let’s consider the execution time analysis:

(1) The time complexity of line 9 (i.e. Dijkstra algorithm)
equals to O(n?).

(2) The time complexity of line 10 (loop detection step)
equals to O(&?).

(3) The time complexity of line 11 (infinity edge(s)) equals
to O(e).

(4) The time complexity
O(e)*(O(n2)+0(ez)+0(e)) .

(5) The time complexity of line 15 equals to O(n).

Suppose that n=e, the overall running time would be
T(n) = O(n)*( O(n2)+ 0(n2)+ O(n) )+ O(n) = O(nZ).

The time complexity of the shortest route discovery
algorithm such as Dijkstra, would be different depending on the
implementation details. According to the analysis, it seems that
in practice and for big cities it’d be better to manage the process
in a hierarchical manner. The city should be divided into some
limited geographical areas (segments) and intra-areas, hence
the journeys can be managed internally using the segments’
graph representation. Then inter-area journeys should be
addressed using a graph whose vertices are the segments. This
topic will be explored in our future work.

of line 8 -equals to
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Fig. 7 The simulation environment



Yousefi Saleh et al. / J Transpn Sys Eng & IT, 2014, 14(5), 23—36

5 Simulation and evaluation of the results

The NCTUns 6.0 network simulator is utilized in this study
in order to simulate the proposed approaches. As it’s been
depicted in Fig. 7, the simulation scenario consists of 25
two-way streets and 17 intersections. As it was described
before, a real city is made up of several neighbouring scenarios
such as the one depicted in Fig. 7; each scenario has a data
centre which is allocated to that scenario.

5.1 Traffic information collection evaluation

This section is dedicated to evaluating the traffic information
collection phase. The patterns of the data transmitted by the
directional antennas can be seen in Fig. 8. The data is
transmitted only to those vehicles located in street 27, so only
vehicles 91, 105 and 106 will be at the receiving end.
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Fig. 8 The patterns of the data transmitted from directional antennas

First we have situated the RSUs at the intersections then 150
vehicles entered the traffic system. The simulation parameters
are as follows:

e The simulation time: 380 seconds;

e The number of vehicles: 150;

e The average height of the buildings: 10 meters;

o The number of the streets: 25 (the names of the streets are
ranged from 11 to 35).

The proposed traffic information collection approach aims at
providing the vehicles with updated traffic information.
Therefore one possible option to evaluate its functionality is to
evaluate its precision in collecting the latest traffic information.
For this purpose, at time intervals of 20, 40, 60, +-,380, the data
reported by the proposed method and the actual traffic status
were evaluated and the error of the proposed method has been
calculated accordingly. Equation 1 shows the error calculation

formula.
(x2,|PS, DR, K100
AE, == (1)

number of vehicles

t =20, 40, 60, End of Simulation (sec)
where, ¢ stands for time (in seconds), z stands for the number of
the streets, PS; refers to the obtained value by the proposed

method for the number of vehicles in street i at time ¢ and DR;
stands for the number of the existing vehicles in the street i at
time ¢. It should be noted that vehicle position detection is done
using its coordinates. For instance, if the coordinate of a vehicle
is within these intervals, 1 200< x <2 200 and 400< y <415, it
means that this vehicle is in street number 15 and this vehicle
should be counted in DR;s.

As shown in Fig. 9, this approach works with an acceptable
error rate which remains below 15% all over the simulation
execution. For instance, the error percentage of the proposed
method at the 140th second is equal to 14%. A part of this error
is due to collisions that occur while two or more vehicles
transmit their messages simultaneously. Moreover the delay of
TCP connection establishment process can also cause some
error. It should be stressed that the amount of error can be tuned
and customized by taking proper actions such as invoking
collision avoidance techniques in the lower layer of protocol
stack i.e., MAC layer or even in the application layer.

Error (Percent)
2

[ e e T e e S e B S e S P S S ——

0 20 40 60 B0 100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 400

Time (Second)

Fig. 9 The error rate of the traffic data collection system

5.2 Vehicle path suggestion evaluation
In vehicle path suggestion phase the optimal routes are
calculated. In order to obtain the weight of each edge the
following equation has been defined:
Weight; = (w, x SL; )+ (wy x NV, )+ (w3 x NAV,) ~ (2)
Where SL; is the length of street i , NV; is the number of
vehicles in street i while the streets are not saturated and the
traffic flow is fluent, and NAV; is the number of extra vehicles
in street 7 (i.e. beyond the street’s capacity) and w;, w,, w; are
the respective coefficients. The street capacity is the maximum
number of vehicles which can simultaneously transit through
the street at the allowed speed. This value is obtained
considering the minimum allowable distance between moving
vehicles according to transportation regulations. As an instance
for a possible parameter setting, the value of w;, w, and w; have
been set to 0.45, 0.4, and 0.15 respectively. Since the street
length and number of vehicles are two significant parameters in
vehicle path suggestion process we allocated higher
coefficients to them and for the other parameter, number of
extra vehicles in each street, a lower coefficient has been
assigned. In order to balance these parameters, 45% was
assigned to the street length, 40% to vehicle number, and 15%
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to the number of extra vehicles. Hence, the sum of these
coefficients depicts the total street weight.

It should be noted that the above-mentioned parameter
settings do not have any impact on the generality of the
proposed approach and the parameters and weight function can
be modified alternatively.

When the total weight of a street is calculated, the network
graph will be generated. The graph used in the simulation
10. After
generating the graph; both proposed path suggestion algorithms

environment has been demonstrated in Fig.

will be implemented.
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Fig. 10 The simulation graph

In order to evaluate the proposed methods, we randomly
chose 24 vehicles out of 150 with different random start and
destination points, and executed the simulation under both
modes. Afterwards the performance has been evaluated in
terms of travel time. The rest of parameters have been assigned,

and they’re identical to the simulation depicted in Fig. 9. The
simulation results are shown in Fig.11. As this figure depicts;
almost all vehicles are beneficiary if they opt to implement
step-by-step route suggestion algorithm.

330

m One-Step vehcile path suggestion

O Step by Step Vehicle path suggestion

325 |

Travel time (sec)
"
b
b

155

140 - L
1 2 3 4 5 6 7 8 9 100 1

Vehicle number

13 14 15 16 17 18 19 20 21 22 23 24

Fig. 11

The average travel time using one-step vs. step-by-step
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Fig. 12 The travel time reduction using step-by-step path suggestion vs. one-step path suggestion

Furthermore, the travel time reduction using step-by-step

method compared to one-step method is demonstrated in Fig.12.

By observing Fig.11 a probable question would be, why does
the vehicle 20 and also vehicles 2, 10, 17, 21 and 23 have
approximately the same journey time using either one-step or
step-by-step routing methods? The rationale behind is that
whenever the streets have almost the same density or the
distance between the start and the destination point is short thus
the travel time for both methods will be identical. Fig.11
indicates that in total 178 seconds have been saved in
step-by-step mode compared to one-step mode with an average
time reduction of 7.41 seconds for each vehicle.

Moreover, another question is that, why the amount of travel
time reduction for vehicle 5 and also vehicles 4, 14, 15 is
negative? In other words why the travel time using step-by-step
method not only hasn’t been decreased but also increased? The
rationale behind this pertains to the parameters that were used
for calculating the total weight of each street and also the fact
that turning right, turning left, U-turn (180-degree) and direct
movement have not been taken into account; these parameters
are called trip quality parameters and have been investigated by
Blue et al.”"). The weight calculation enhancement considering
other effective factors like trip quality in order to increase the
precision will be the main focus of our future work.

In order to evaluate the performance of the proposed method
under different traffic densities, we’ve implemented a
simulation including 10 vehicles with different random start
and destination points for both step-by-step and one-step
modes. The simulation results show that, on average, the
reduced amount of travel time using step-by-step mode
compared to one-step mode will be increased along with
density growth. The simulation results are illustrated in Fig.13.
In this simulation, more notable effect for the Street Length

parameter was taken into account in the routing process. In
other words, this parameter had higher coefficient in the weight
function (Eq. (1)) in order to alleviate the dominating effect of
density in dense scenarios. Indeed, in Fig. 11 and Fig. 12 the
45%, wy= 40% and wy= 15%
while for Fig. 13, they are as follows: w;= 50%, w,= 35% and
wsy= 15%.

50
40
30
20
= B
0
S0 100 150 200

Traffic Density (vehicle)

coefficients are as follows: w;=

Average travel time reduction (%)

Fig. 13 The average travel time reduction using step-by-step vehicle
path suggestion vs. one-step vehicle path suggestion for various
traffic densities

Fig.13 depicts that when the streets include 50 or 100
vehicles, the travel time reduction in step-by-step method is not
much different from one-step mode. However, if the density of
the streets is increased to 150 or 200 vehicles, in this case,
higher number of vehicles will reveal more notable difference
between step-by-step and one-step modes. Noting Fig. 13
might raise the question that why the reduced amount of
journey time is considerably low under the density of 250
vehicles. The rationale behind is that the streets are fully dense
so that the routes generated via both modes of routing do not
make a significant difference.
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6 Conclusion

The route suggestion mechanism of this paper consists of
two phases, namely updated traffic information collection and
optimal path suggestion. In the first phase, RSUs inform the
drivers about the latest traffic status in a considerably short
amount of time. In the second phase, using the collected traffic
information, vehicles are provided with the best possible route.
Two algorithms have been proposed namely one-step path
suggestion and step-by-step path suggestion algorithm.

Both traffic information collection and optimal path
suggestion approaches have been simulated using NCTUns
network simulator. After simulating this approach we
evaluated the simulation results through error function. The
results show the proposed traffic information approach can
obtain recent density of the streets with an error rate below
15%.

In order to compare and evaluate the path suggestion
approaches we’ve simulated both one-step and step-by-step
methods. After comparing these approaches with static shortest
path algorithms, we observed a significant improvement in
travel time using either one-step or step-by-step route
suggestion algorithms. As a whole, step-by-step approach
outperforms one-step, in particular, we found that at very low
and very high densities the improvement of step-by-step
algorithm is not noticeable while in average density, the
improvement is much more noticeable.

Since the time complexity of the proposed algorithms may
increase dramatically for big cities, we intend to extend this
work by performing the route suggestion in a hierarchical
manner in future works. Furthermore, collision avoidance
techniques will be developed in order to avoid message loss
stemming from simultaneous transmissions.
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