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Abstract—The routing of data in inter-vehicle communication
technologies has obtained tremendous amount of researchers’
attention during the last few years. Many routing protocols
utilize vehicular traffic information as a metric to determine
optimal routing paths to transmit data in vehicular environment.
Due to the difficulty as well as the enormous deployment costs of
static nodes and the arduous effort to obtain non-real-time traffic
information, the existing traffic information collection
mechanisms could not provide the efficiency that is needed for
the VANETSs environment. In this paper, we present a novel
collaborative real-time traffic information collection mechanism.
It includes hybrid traffic information collection, road weight
information dissemination, as well as the hybrid traffic
geographic routing. The collaborative real-time traffic
information collection mechanism effectively collects and
disseminates real-time hybrid traffic information such as node
density and network traffic load. In most VANET routing
protocols, the network traffic load is always ignored and this
action may cause network performance degradation in heavy-
traffic load networks. In proposed hybrid traffic geographical
routing, a forwarding node at a junction adaptively decides on a
routing path based on the real-time hybrid traffic information. It
consists of successions of road junctions to find the destination
node for the data packet. Between two consecutive junctions on
the path, geographical forwarding is used to select forwarding
nodes on the road. Simulation results not only shows the
proposed mechanism has the ability to collect real-time traffic
information effectively with only slight control overhead, yet also
has the ability to avoid from choosing an already congested path.
Simulation results also show that the proposed mechanism
outperforms routing protocols like GSR (Geographic Source
Routing) and GyTAR (improved Greedy Traffic Aware Routing
Protocol) in terms of average delivery ratio.

Keywords—Geographic Routing, real-time traffic information
collection, VANET

I. INTRODUCTION

Over the past few years, inter-vehicle communication has
gained a tremendous amount of attention in the area of
wireless networking as well as the automotive industries. In
inter-vehicle communication, vehicles are equipped with
wireless transceivers that provide vehicles with wireless
communication capabilities. This enables communication
between the vehicles and organizes them into a special class
of wireless network, specifically known as Vehicular Ad hoc
Networks or VANET.

Studies from recent publications have shown that VANET
will play animportant role for the future of automotive
development due to the potential road safety improvement it
may provide in the near future.
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The U.S. FCC commission has allocated 75 MHz of the
spectrum band in the 5.9 GHz frequency range for Dedicated
Short-Range Communications (DSRC) [1] that is specifically
designed to enhance any road safety and complementary
traffic information for VANET vehicular communication.
There are several vehicular related projects i.e. VICS [2],
California Path [3], and Car2Car Communication Consortium
[4] that has been conducted. With aims to improve the overall
road safety or, to enhance traffic management, traveller
information, on-board entertainment, fuel efficiency, pollution
control and so on.

VANET can be regarded as a special type of Mobile Ad
Hoc Network (MANET) which is a self-organized, self-
managed system without any support of fixed infrastructure.
VANET has very specific features that differs it from
MANET, like rapid changing of topology due to high mobility
of vehicles, movement constraints caused by road pattern
restriction, high probability of network partitions in low
vehicle density zone, and hard delay constraints which could
not be guaranteed to safety related applications.

From the above mentioned characteristics, it is obvious that
conventional MANET routing protocols such as Ad Hoc On-
Demand Distance Vector Routing (AODV) [5] and Greedy
Perimeter Stateless Routing (GPSR) [6] has difficulties from
making robust routing paths in VANET environments.
Therefore, more and more researchers have concentrated on
proposing suitable routing protocols to deal with the highly
dynamic nature of VANET. These routing protocols include
Geographic Source Routing (GSR) [7], Anchor-based Street
and Traffic Aware Routing (A-STAR) [8] and Greedy
Perimeter Coordinator Routing (GPCR) [9].

GSR is a position-based routing protocol which utilizes the
geographical information as its weight matric in Dijkstra’s
algorithm to compute shortest routing paths, and then greedy
forwarding is employed along the pre-selected shortest routing
path. But this approach neglects the case that there are not
enough nodes for forwarding packets when the traffic density
is low. Low traffic density will make it difficult to find an
end-to-end connection along the pre-selected shortest routing
path. A-STAR is another example of position-based routing
protocol; it applies anchor-based routing with the
consideration of static vehicle traffic to identify an anchor
path with high connectivity for packet delivery. It thinks that
the more bus routes a road has, the more vehicle traffic it will
get. Thus, nodes in A-STAR determine the weight of each
road according to the number of bus routes a road has. It also
employs a route recovery strategy when the packets are routed
to a local optimum by computing a new anchor path from
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local maximum to which the packet is routed. But the routing
path may not be optimal because it is along the anchor path.
GPCR is also a position-based routing but without the access
to static street map. In GPCR, coordinators are first elected at
each junction based on the neighbouring information it has.
During data transmission, relay nodes adopt the greedy
forwarding strategy between two adjacent junctions and prefer
the coordinators to other nodes as its next hop. Apparently the
above protocols do not consider the real-time traffic status
while choosing routing paths, which may result in higher
probability of disconnection or congestion during data
transmission. And similarly to GSR, GPCR neglects the case
of low traffic density as well.

Several other VANET routing protocols have been
proposed that considers real-time traffic information. For
example; GyTAR (improved Greedy Traffic Aware Routing
Protocol) [10] and SADV (Static-Node Assisted Adaptive
Routing Protocol) [11]. GyTAR is an intersection-based
routing protocol which utilizes both the real-time road traffic
information and the static map information to perform routing
decisions at street intersections. Once a relay node is in the
area of the junction, it collects the real-time road traffic
information from its neighbouring junctions in order to select
the next forwarding junction. However, GyTAR only acquires
the traffic information from its one hop neighbours, such
information could result in insufficient data when performing
routing decisions in the rapid changing V2V environments.
SADV is another example that utilizes the predictable
mobility from collecting the real-time information by
deploying static nodes at each junction to assist with packet
delivery in VANET under low node densities. The static node
in SADV enable packets to wait at a junction until path with
the best delivery ratio becomes available, this could prevent
packets from being delivered through detoured paths, but the
packet delivery delay depends on the vehicle density on the
road. Therefore, as the consequences of SADV characteristics,
the cost for deploying static nodes at each junction becomes
an issue, and the results of routing performance may be
affected by the sensitive of the node density.

This paper proposes a novel routing protocol called Hybrid
Traffic-Aware Routing Protocol (HTAR) which is able to
monitor the real-time traffic status of adjacent roads without
deploying static nodes and considers both road traffics and
network traffics simultaneously. HTAR also disseminates the
results determined from hybrid traffic information to other
nodes in order to assist with the selection of a more robust and
efficient routing path.

The remainder of the paper is organized as follows: In
Section 2, we introduce the proposed HTAR and its routing
design; Section 3 presents the performance evaluations of
HTAR by using NS2 simulator; lastly, we conclude our work
in Section 4.

1. A HYBRID TRAFFIC-AWARE ROUTING PROTOCOL

A. Assumptions

First, HTAR assumes that all nodes in the network are
equipped with wireless communication devices with the
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transmission ranges. Any two nodes are able to communicate
with each other if they are aware of each other’s existence.
Second, HTAR assumes that each node is equipped with GPS
device, which enable them to acquire its own position. Third,
HTAR assumes that the source already knows the current
position of the destination before transmission by using the
location service. Finally, HTAR assumes that all nodes are
aware of the street-level information of the area where they
are currently positioned. The street-level information should
contain: (1) each road’s ID and its length (2) each junction’s
ID, range and its position (3) the relationship of road
connectivity.

B. Basic Concepts of HTAR

1) Neighbour Information

In HTAR, nodes are required to periodically broadcast
“hello” messages to their neighbours in order to update their
current information. From the updated information, nodes are
able to select the next suitable hop for data transmission.
Figure 1. shows the packet format of the hello message. The
two fields of “Position” represent the current x and y
coordinate of the node. The second filed, “Road ID”
represents the identity of a road or the junction that a node is
currently positioned. “At Junction” defines whether the node
is in the area of the junction or not. The last field is adjustable
according to the value of “At Junction”. For example, if the
value of “At Junction” is true, “Time to Leave Junction
(TTLJ)” is included in the next field instead of Channel Load.
On the contrary, if the value of “Channel Load” is true, then
the value of “At Junction” will be false. “Channel Load” here
represents the ratio of channel busy time and “Time to Leave
Junction” stands for the remaining period of time for a node to
leave a junction. Once the node receives the “hello” message,
it stores the information of this message in its neighbour
information table as shown in Figure 2. .

Hello Message

Position(x) | Position(y) | Road | AtJunction | TTLJ(True)/
ID (True/False) | Channel
Load(False)
Figure 1. Packet format of a hello message
Neighbor Information Table
Node | Position | Position [ Road At TTLJ/ Time
ID (x) ) ID Junction Channel Stamp
Load
2 1234.56 | 4567.89 1234 False 0.5 10.0
6 1200.12 | 4500.23 | :0001 True 35.0 15.0

1497

Figure 2. Table format of neighbor information table

2) Routing Process in HTAR

Like GSR and A-STAR, HTAR uses the shortest path
algorithm to compute its routing paths. In the routing process,
the junctions are defined as vertices and the roads are
described as the edges between two vertices. Each edge has its
own weight. Given two vertices, HTAR is able to find the
routing path with the lowest association weights. Besides,
HTAR is a real-time traffic-aware protocol, so the weights it
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uses can be dynamically adjusted according to the real-time
traffic status it has monitored.

Each source is required to compute the routing path at the
beginning of a transmission. In HTAR, there are two different
types of processes a node needs to preform based on the area
where the node is currently positioned. First type, when a
node on the road receives a packet, it first checks the
destination of this packet. If the node itself is not the
destination of this packet, it will try to find a suitable next hop
according to the determined routing path. If there is a suitable
next hop to forward this packet, then the task of this node is
terminated, otherwise this node will store the packet until a
suitable next hop becomes available. Second type, when a
node at the junction receives a packet, it also checks the
destination of this packet first. If the destination of this packet
is not designated for this node, it then checks if it is the first
time this packet has reached to this junction. If this is true, the
node immediately computes the new routing path for this
packet and then finds a suitable next hop according to this new
routing path, or else this node will try to find a suitable next
hop according to the determined routing path. In contrast to
nodes on the road, if the junction node cannot find any next
hop to forward this packet, it would re-compute the routing
path and repeat the process of finding a suitable next hop
again.

3) Junc-Tracker Selection

A Junc-Tracker is a unique node in HTAR which is
selected from nodes at each junction. Therefore, a Junc-
Tracker selection algorithm is carried out to decide a Junc-
Tracker. The Junc-Tracker is the node at the junction which is
responsible to periodically collect the up-to-date traffic
information from adjacent connected roads. There are three
tasks for the Junc-Tracker:

1. Collection of the up-to-date traffic information from
adjacently connected roads. The traffic information includes
the information of road traffic and network traffic.

2. Determining the road weights according to the collected
traffic information

3. Distributing the determined road weight information to
adjacent junction nodes and Junc-Trackers.

In HTAR, there are four states for a node: monitor, compete,
spread, and sleep. The node state is based on its current
location and status. A state transition diagram of HTAR is
shown in Figure 3. . A node is in the sleep state if the position
of the node is not at a junction. Every time a node enters a
junction for the first time, it changes its state from sleep into
monitor. In the monitor state, the node sets a countdown timer
for Tm seconds. The purpose of the timer is to monitor
whether there is a Junc-Tracker at the junction or not. The
Junc-Tracker periodically disseminates updated weight
information (WIU) packets to its neighbours. If the node
receives the message from the Junc-Tracker during Ty, seconds,
it continues to stay in the monitor state and resets its current
timer. If the node did not receive any message sent by the
Junc-Tracker by the time the timer has expired, then it will
change into the compete state.
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Node at a junction Node on the road

receive weight messages from Junc-Tracker

Teave a junction

receive the declaration
message from the

other nodes
enter a junctiol

Figure 3. State Transitions in HTAR
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Junc-Tracker

Teave a junction

After T

In the compete state, the node starts to compete with other
nodes to become the new Junc-Tracker by setting a
countdown timer for T, seconds. The countdown time T, is
defined as:

T, = max(TcmaX L[ TTLI /AT })+ rand() (1)

where T,™ is a constant value used to limit the maximum
values of T, and rand() is a random number generation used to
reduces the probability of the same countdown time for
different nodes. This equation utilizes At to assign each
countdown node a countdown time according to its TTLJ, this
means the bigger the TTLJ, the shorter the countdown time it
has been assigned. When the countdown timer is expired, the
node sends the declaration message to become the new Junc-
Tracker and enter the spread state. Once the other nodes
receive this declaration message, the current timer of these

nodes will be terminated and return to the monitor state.
Nodes in the spread state are Junc-Trackers. They must
periodically collect the traffic information from the adjacent
roads and disseminate the determined up-to-date weight
information. If the Junc-Tracker leaves the junction, it chooses
the successor to inherit its up-to-date weight information
(weight information table). The successor is determined by the
value of Time to Leave Junction (TTLJ) which is the
estimated period of time for a node to stay at the junction. The
value of TTLJ can be calculated as:

TTLI() = b®

V(D)
where D(t) is the remaining distance for a node to leave the
junction and V(t) denotes the current velocity of the node. If
HTAR can acquire some other information, such as the period
of traffic light, the TTLJ can be more accurate. The higher
TTLJ, the longer time the node can stay at the junction. As
mentioned before, nodes at the junction broadcast “hello”
messages with the additional field: TTLJ. The Junc-Tracker
thus can choose the successor with the highest TTLJ from its
neighbor information table. By doing this, HTAR can reduce
the overhead which is caused by frequent replacement of
Junc-Trackers. After choosing the successor and leaving the
junction, the previous Junc-Tracker changes its state from the
spread state into the sleep state. On the other hand, the

selected successor is then entered into the spread state.

(@)

4) Assignments for a Junc-Tracker

As mentioned above, there are three tasks that every Junc-
Tracker has to do: (A) Traffic information collection (B) Road
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weight determination information

dissemination.

(C) Road weight

(A) Traffic Information Collection

There are two types of traffic information that HTAR is
going to collect. The first type is the information on the road
traffic density. We regard the node density as the road density
and use it to verify the network connectivity of the road. The
second type is the network traffic congestion information. In
this type, HTAR uses the channel load as the criterion for
judging whether the network traffic in this road is congested
or not.

For the purpose of collecting the real-time traffic
information from adjacent roads, the Junc-Tracker delivers a
Traffic Information Collection (TIC) packet to each adjacent
Junc-Tracker. In the beginning of information collection, as
shown in Figure 4, HTAR has divided a road, which is
between two successive junctions, into several segments by
doubling the wireless transmission range and then delivers a
TIC packet. The number of segments (Ngg) is defined as

follows:
Ny =| 2o G
2R,

where L is the length of the road and Ry is the wireless

transmission range.

Traffic Information Collection(TIC) Packet

Junction ID Junction ID Time Stamp
(Source) (Destination)
Segment ID Number of Nodes Channel Load

Figure 5. Packet format of a TIC packet.

Road Density Traffic Information

As the node that is nearest to the central point receives the
TIC packet, it first calculates the number of neighbours
without any junction node in its neighbour information table
and includes this value (NB;) into the corresponding field of
“Number of Nodes” according to the segment it is currently at.
Figure 6. shows the example of the TIC packet received by the
designated Junc-Tracker. Each entry is filled with the traffic
information at each segment in the road.

Example of a TIC Packet

A | B [ 103
0 3 0.111
1 5 0.222
2 6 0.333

o /R"ﬁ" &\& oo

A ¢

o o0 & 0

oao,;,\

N

Figure 4. An example of the road partition.

During the information collection, the TIC packet tries to
reach or be nearby the central point in each segment. Hence,
each relay node attempts to choose the nearest node to the
central point from its neighbour information table. Once the
receiving node finds that it is the nearest node to the central
point in this segment, it includes the node density and the
channel load of this segment into the received TIC packet.
Then, this TIC packet is forwarded again to the next segment
until there is no next hop to forward this TIC packet or the
designated Junc-Tracker has receive it. If the designated Junc-
Tracker receives the TIC packet, it duplicates this packet and
sends it back to the source Junc-Tracker. After receiving the
TIC packet, the Junc-Tracker analyses the traffic information
included to determine the up-to-date weight of this road.

Figure 5. shows the packet format of the TIC packet. The
two fields of “Junction ID” represent the source junction and
the destination junction of this packet respectively. “Time
Stamp” means the propagation time of the TIC packet.
“Segment ID” is used to distinguish the segments in the same
road. The fields of “Number of Nodes” and “Channel Load”
represent the number of nodes and the channel loading in a
segment of the road.
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Figure 6. An example of the TIC packet received by the Junc-Tracker

Network Traffic Congestion Information

As mentioned before, nodes on the road must broadcast
“hello” messages with the field of “Channel Load”. Once a
node enters the road, it starts to monitor the channel, trace the
channel busy time and calculate the channel loading. The
calculation of channel loading only happens at the time of
broadcasting “hello” messages, and the value of channel
loading is determined as follows:

C:Ln = Tbusy (n) /Tmeasure (n) (4)

where CL, is the channel load monitored by node N, Tpys,(N) is
the channel busy time traced by node n and Tpeasure(N) is the
total measured time of node n. In order to enable each node to
monitor the segment it is currently positioned, these three
values will be rested once the node moves into a new segment.

Every time when the node that is nearest to the central point
receives the TIC packet, it chooses the highest value of
“Channel Load” from its neighbour information table and
includes this value into the TIC packet. The channel load of
the segment i (CL;) is defined as follows:

CL; =maxCL, (6))

neN
where N is the set of neighbour nodes.

(B) Road Weight Determination

HTAR adopts Dijkstra’s algorithm as its shortest path
algorithm and the weight of each road can be dynamically
adjusted according to the collected traffic information. Once
receiving the filled TIC packet, the Junc-Tracker determines
the weight of the road (Wyeaq) as follows:
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W0 :I—EZNBi/Li}/Nseg Jif VCL; <CT

(6)

seg
Wroad = 1Wroag —1—[ZNBi/Li}/Nseg +C, ,if VCL;>CT

C ,otherwise

where CL; is the channel load of segment i, L; is the length of
segment i, NB; is the number of nodes in the segment i, Ny is
the number of segments in a road and CT is the threshold to
determine whether the network traffic of the road is congested
or not. C; and C, are constants and the relationship between
them is: C,; > C,.

In HTAR, the smaller the association weights is, the better
the routing path it is. Because C; is the default connected
weight, we assign it with a big enough value in order to not
affect the result of routing path determination. After receiving
the filled TIC packet, the Junc-Tracker checks the channel
load of each segment in the packet. If one of the channel loads
is bigger than the threshold of congestion (CT), the weight of
the road is assigned as shown in (6). After determining the
weight of the road, the Junc-Tracker stores this weight in its
weight information table. Figure 7. shows the format of the
weight information table. “Time Stamp” here is used to delete
stale entries from the table.

(C) Road Weight Information Dissemination

The Junc-Tracker uses Weight Information Update (WIU)
packets to periodically disseminate the updated road weight
information. There are two types of WIU packets. The first
one is the Multi-hop WIU (MWIU) which is used to update
the weight information of adjacent Junc-Trackers. The other
one is the One-hop WIU (OWIU). The Junc-Tracker uses the
OWIU packet to update the weight information of its one-hop
junction neighbours. Figure 8. and Figure 9. show the packet
formats of the MWIU and the OWIU respectively.

In MWIU, the first two fields of “Junction ID” refer to the
source and the destination of the packet. “Tracker to Live”
represents how far this packet is going to be sent. If the value
of “Tracker to Live” is three, it means that the Junc-Tracker,
which is three blocks away from the current Junc-Tracker, can
receive this packet. The following three fields represent the
weight of the edge which is between “Junction ID (From)”
and “Junction ID (To)”. We regard these three fields as a road
weight entry. The number of these entries is determined by the
number of roads that the source junction connects to. When
the Junc-Tracker receives the MWIU packets from other Junc-
Trackers, it stores the packet information in its weight
information table. In order to make other Junc-Trackers have
more updated information and not confuse them, the source
Junc-Tracker disseminates the MWIU only with the traffic
information about its connected roads.

In comparison with MWIU, the packet format of OWIU is
much simpler. First, the OWIU is distributed by broadcasting,
so its packet format does not have to include the following
three fields: “Junction ID (Source)”’, “Junction ID
(Destination)” and “Tracker to Live”. Second, the number of
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road weight entries in OWIU is determined by the number of
entries in the Junc-Tracker’s weight information table.

Weight Information Table
Junction ID (From) | Junction ID (To) | Weight | Time Stamp

Figure 7. Format of the weight information table

Multi-hop Weight Information Update(MWIU) packet
Junction ID(Source) | Junction ID(Destination) | Tracker to Live
Junction ID(From) Junction ID(To) Road Weight

Figure 8. Packet format of a MWIU packet

One-hop Weight Information Update(OWIU) packet
Junction ID(From) | Junction ID(To) | Road Weight

Figure 9. Packet format of an OWIU packet

111.SIMULATIONS

A. Simulation Settings

In our simulations, HTAR is implemented with NS2
simulator and the mobility models of vehicles are created by
TraNS[12] with the range of 3500m x 2500m from the TIGER
database[13], that consists of 39 intersections. The speed limit
of each road is set to 70km/h. By modifying TraNS, we set the
traffic light at each junction with the period of 50s. The total
simulation time is 200s and the transmission range of each
node is 250m based on 802.11. There are 10 random
connections using CBR traffic with the packet size of 128
bytes and the sending rate of 0.25s. Different number of nodes
(200 to 400 nodes) is used to evaluate the performance of the
proposed HTAR. The interval of “Hello” messages is 2s. In
simulations, we compare HTAR with GSR and GyTAR in
various metrics, including delivery ratios and throughputs and
the detailed simulation parameters are depicted in Figure 10.

B. Simulation Results

Figure 10 shows that HTAR has significantly outperformed
GSR and GyTAR by means of delivery ratios and
transmission throughputs under different number of nodes. It
is mainly because HTAR do take the comprehensive real-time
traffic information into consideration where the other two
protocols did not. GSR achieves the lowest performances
because it does not detect the traffic information in advance,
which results in high incidence of disconnection and
congestion during transmission. GyTAR performs rather
better than GSR since it has considered the real-time traffic
information. However, the information considered by GyTAR
is only one hop and one type, which means GyTAR can only
acquire the node density information from its connected roads.
Insufficient information increases the frequency of modifying
routing path and results in low performance. Obviously, the
information collected by GyTAR is not enough for V2V
communication environments. Hence, our HTAR performs the
information dissemination to deal with the deficiency of
GyTAR.

To further point out the advantage of HTAR, we
intentionally choose some roads and make all transmission
pairs transmit packets through these roads during simulations.
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Normally, the possibility of transmission disconnection is
decreased when the number of nodes increases. However, the
more nodes, the more network congestion might occur,
especially for making all pairs transmit through the same
roads. Figure 11 represents the average throughput and
delivery ratio of the connections which incur network
congestion in their transmission path. It shows that HTAR still
has a much better performance than the other two protocols in
the scenario. It is because HTAR can modify its routing paths
when it comes to detecting roads with network congestion. On
the other hands, GyTAR and GSR perform poorly and their
results are much smoother than those from random pairs.
Their performances are affected by the network congestion
because they cannot detect such congestion in advance. Figure
12 shows the effects when the max hop number road weight
information is disseminated. In the case of lower node density,
the road weight information dissemination with higher hop
number provides Junc-Tracker with more information to avoid
network segment. In the case of high node density, the
probability of network segment decreases so the hop number
of the dissemination has lesser effects on delivery ratio. Hence,
in the network with high node density, Junc-Tracker can select
low hop numbers to reduce the overhead of the road weight
information dissemination.

IVV.CONCLUSIONS

In this paper, we proposed a novel routing protocol called
HTAR which utilizes the cooperative traffic information
collection scheme to collect two types of up-to-date traffic
information from each road. The first type is the node density
and the second type is the channel load. By using the hybrid
traffic information, HTAR 1is able to determine the robust
routing paths. We also propose a functional node called Junc-
Tracker. The Junc-Trackers are responsible for collecting the
traffic information and disseminating the determined weight
information to neighbour nodes and adjacent Junc-Trackers.
By doing this, other nodes can select more robust and efficient
paths during transmission. In order to reduce the cost on
setting Junc-Trackers, we also propose a mechanism for the
selection of Junc-Trackers. Simulation results show that
proposed HTAR has significantly outperformed both GSR and
GyTAR in terms of delivery ratios and transmission
throughputs under different scenarios.
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Figure 10. Average packet delivery ratio and transmission throughput of all
connection pairs under different number of nodes.
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Figure 12. Delivery ratio vs. number of hops that road weight information is
disseminated.
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