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Abstract—Vehicular Ad-hoc Networks (VANETs) are an
emerging field, whereby vehicle-to-vehicle communication can
contribute to many new applications such as infotainment ser-
vices. Most VANET applications are based on routing protocols,
the development of which however are challenging due to the
dynamic nature of nodes (vehicles) in VANETs. To adequately
capture the characteristics of VANET nodes, we propose a novel
and unique approach that integrates moving object modeling and
indexing techniques into VANET routing protocols. In particular,
we design a moving-zone based architecture in which vehicles
collaborate with one another to form dynamic moving zones so
as to facilitate information dissemination. The experiments have
been carried out on real road maps and the results obtained
demonstrate the superiority of our approach compared to existing
solutions.

I. INTRODUCTION

Vehicular Ad-hoc Networks (VANETs) enable vehicles to
communicate with one another and create a large network
with vehicles acting as the network nodes. Considering the
huge number of vehicles (hundreds of millions worldwide), the
benefits of VANETs would be tremendous. Various types of in-
formation, such as traffic conditions [1], [2], advertising news
and e-coupons, can be shared among vehicles via VANETs.
For example, a vehicle can send inquiries to vehicles around
certain landmarks to obtain the up-to-date parking information.
Another interesting emerging application, called Infotaiment
services, provides multimedia services to subscribed vehicles
in a particular location by using vehicle-to-vehicle (V2V)
communication.

A key requirement for the realization of VANET appli-
cations is the availability of efficient and effective routing
protocols for message dissemination [3]. Existing Internet or
MANET routing protocols are not suitable, due to the unique
characteristics of VANETs, which include high mobility of
VANET nodes, frequent changes in topology, and limited life
time [4]. To address these issues, several VANET routing
protocols have been proposed, which can be broadly classified
into five main categories, namely broadcasting protocols [5],
route-discovery protocols [6]–[8], position-based protocols [9],

Fig. 1. Moving Zone Based Architecture in VANETs

[10], clustering-based protocols [11] and infrastructure-based
protocols [12]. Among all types of protocols, clustering-
based protocols appear to be the most promising one as they
attempt to capture the mobility of VANET nodes in a natural
way and provide relatively stable units (i.e., the clusters of
vehicles) for communication. However, the development of
clustering-based protocols is still at an early stage. Previously
proposed clustering strategies are relatively straightforward in
that they use simple clustering criteria, require a large amount
of message exchange between member vehicles and cluster
heads, and lack implementation details. Moreover, to date
only a few simple message dissemination protocols have been
proposed.

In this paper, we propose a more advanced decentralized
clustering approach to construct a moving-zone based archi-
tecture in VANETs (as shown in Figure 1). Our approach
integrates moving object modeling and indexing techniques
to vehicle management. Moving object techniques allow us to
provide a realistic cluster-based representation, in that vehicles
are grouped together according to their actual moving patterns.
Further, the use of indexes allow for efficient movement
information storage and management. Our approach greatly
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reduces the update frequency since vehicles no longer need to
periodically send location updates to the cluster head (called
“captain vehicle”). Instead, vehicles just need to update when
their moving direction or speed changed dramatically. Second,
our approach allows the captain vehicle to estimate vehicle
positions in the near future so that decisions (e.g., captain
vehicle reassignment) can be made in a timely manner. Third,
the use of index improves the scalability of our approach.
There is no need to examine all member vehicles for each
event or operation. Related vehicles can be quickly accessed
via the index. As demonstrated by our experimental results,
our approach is suitable even for highly dense roads, where a
large number of vehicles travel at different speeds.

The rest of the paper is organized as follows. Section II
reviews related work. Section III presents the moving-zone-
based architecture, followed by Section IV which introduces
the new routing protocol. Section V reports the experimental
results. Finally, Section VI concludes the paper.

II. RELATED WORK

Among clustering-based approaches, studies such as [11],
[13]–[17] only provide clustering algorithms but do not have
a specific algorithm about the use of clusters for routing
purposes. Works that consider both clustering and routing are
[18]–[21]. In [18], Little and Agrawal proposed to utilize a
cluster header and a trailer at the front and the rear end
of each cluster for information routing. However, a detailed
election protocol is not reported. In [19], Goonewardene et al.
designed a vehicle precedence algorithm to adaptively identify
the nearby 1-hop neighbors and select optimal cluster heads
based on vehicle locations and velocities. The main limitation
of this approach is that the proposed algorithm requires each
vehicle to keep sending out update information to neighbors
which can introduce lots of communication overhead. In [20],
Luo et al. form clusters based on geographically divided grids,
but they did not consider velocity and direction which are
important for accommodating the dynamic nature of VANETs.
The most recent work seems to be [21] by Song et al. They
consider only moving direction for cluster head selection. In
summary, none of the existing approaches considers the use of
moving object techniques to reduce communication overhead,
improve efficiency and effectiveness, as we present in this
paper.

III. MOVING ZONE BASED VEHICLE MANAGEMENT

ARCHITECTURE

The MOving-ZOne-based (MOZO) architecture consists of
multiple moving zones that are formed by vehicles with similar
movement patterns. A captain vehicle is elected for each zone
and is responsible for managing other member vehicles as well
as the message dissemination.

We consider vehicles moving on a road network represented
as a graph with roads being edges and intersections being
vertexes. Each vehicle’s relative position on a road is modeled
as a linear function of time: 𝑙(𝑡) = 𝑙𝑢 + 𝛿 ⋅ 𝑣 ⋅ (𝑡− 𝑡𝑢), where
𝑙𝑢 is the vehicle’s distance to the starting point of the road at

time 𝑡𝑢, 𝛿 is vehicle’s moving direction along the road, and
𝑣 is the vehicle’s speed. The vehicle’s moving direction has
value 1 if the vehicle moves toward the end point of the road,
otherwise it is -1. 𝑙(𝑡) predicts the vehicle’s position at a near
future timestamp 𝑡 (𝑡 ≥ 𝑡𝑢). The functions are valid between
two consecutive location updates sent by individual vehicles
to their captain vehicles.

Moving zone construction starts from a vehicle logging onto
the VANET. When a vehicle 𝑉𝑠 enters the VANET, it sends a
hello message to its one hop neighbors. The hello message
consists of its unique identifier 𝑉𝑠, current road ID (ID𝑟)
and moving direction (𝛿). The vehicle waits for 𝜏 amount
of time to accumulate the responses to its hello message. 𝜏 is
the estimated total time for a single message to be received,
processed by the receiver, and transmitted and propagated back
to the sender within the communication range of the sender
vehicle.

If a captain vehicle moving in the same direction (𝛿)
receives the hello message, it sends back a response to the
message sender. The response includes its unique identifier
V𝑐𝑎𝑝, current location, speed, and the next intersection that it
is heading to. We will discuss how the captain vehicle in each
zone is selected later in this section.

When 𝜏 expires, the vehicle calculates a similarity score for
each response received from the neighboring captain vehicles.
The goal is to assign a higher score to the captain vehicle
which will stay closer to the vehicle for a longer time period.
To implement this, we define the following similarity score
based on the average distance between the two vehicles’
anticipated trajectories within a certain time period.

𝑆𝑖𝑚(𝑉1, 𝑉2) ≜
Δ𝑡

𝑤𝑐∣𝑙𝑐1 − 𝑙𝑐2∣+ 𝑤𝑚∣𝑙𝑚1 − 𝑙𝑚2∣+ 𝑤𝑓 ∣𝑙𝑓1 − 𝑙𝑓2∣
(1)

In Equation 1, 𝑙𝑐1 (𝑙𝑐2), 𝑙𝑚1 (𝑙𝑚2), and 𝑙𝑓1 (𝑙𝑓2) denote the
positions of the two vehicles at current time 𝑡𝑐, the middle
timestamp and future timestamp 𝑡𝑓 , respectively. The equation
integrates the effects of two factors. First, the numerator
in the formula is the time interval during which the two
vehicles’ trajectories are considered. The future timestamp 𝑡𝑓
is estimated as the time when the vehicle may change its
moving function, e.g., approaching intersections, which can
be determined by the road topology. A higher value will be
returned for vehicles that stay together for a longer time period
Δ𝑡. Second, the denominator in the formula is the distance
between the two vehicles at the three sample timestamps. A
higher similarity value will be returned for vehicles which stay
closer to one another, i.e., have shorter distance. Moreover, the
distance between vehicles is computed as a weighted distance,
where 𝑤𝑐 > 𝑤𝑚 > 𝑤𝑓 . The use of weights allows modeling of
predicted positions that become less accurate as time passes.
In the experiments, weights are assigned as 0.5, 0.3 and 0.2,
respectively.

After computing the similarity scores with respect to the
neighboring captain vehicles, the vehicle selects the captain
vehicle with the highest score and sends a join request to
the captain vehicle. The join request consists of the vehicle’s
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ID, current position and moving speed. The respective captain
vehicle will send a confirmation message to this vehicle to
complete the joining process. In case that there is no moving
zone nearby, the vehicle will form a new moving zone of its
own and becomes the initial captain vehicle.

Each captain vehicle needs to keep up-to-date information
about its member vehicles in order to carry out message
dissemination and zone maintenance (e.g., captain vehicle
reassignment). To achieve this, we propose two simple yet
effective data structures to be maintained by each captain
vehicle. One is the Combined Location and Velocity Tree
(CLV-tree). The other is the Leaving Event queue.

The CLV-tree is a hybrid moving object index consisting
of a B+-tree and a hash table. The B+-tree uses a special
encoding to store moving objects according to their location
proximity, while the hash table provides quick access to
objects according to their identities. Both data structures are
very efficient in terms of insertion and deletion, which will
not impose much workload to the captain vehicle.

In particular, each entry in the leaf node of the B+-tree
stores a member vehicle’s index key, identity, the latest update
timestamp 𝑡𝑢, location 𝑙𝑢, and speed 𝑣𝑢 at 𝑡𝑢. The challenge is
to design the index key that helps group vehicles with similar
movement patterns into the same leaf node. Our idea is to use
the relative positions of vehicles at the near future timestamp
to be the index key. The rationale behind this approach is two-
fold. First, vehicles’ current locations may not be of immediate
use for message dissemination or other tasks. It is more likely
that the member vehicles participate in the events after they
join the moving zone. Second, vehicles close to one another
at current timestamp and move at similar speed, are expected
to be close to one another in the near future. Therefore,
vehicles’ locations at a near future timestamp reflects the
combined effect of the similarity of their current locations
and moving speed to certain degree. To determine this near
future timestamp, we partition the time axis into intervals of
half of the maximum update interval 𝜏𝑢, and we obtain a list
of timstamps: 𝑡𝑠, 𝑡𝑠 +0.5𝜏𝑢, 𝑡𝑠 + 𝜏𝑢, 𝑡𝑠 +1.5𝜏𝑢, 𝑡𝑠 +2𝜏𝑢, ...,
where 𝑡𝑠 is the time that the captain vehicle becomes effective.
Vehicles’ location updates within each interval are mapped to
the ending timestamp of that interval. To distinguish locations
corresponding to different time intervals in the tree, we use
a two-bit binary value to indicate the indexing timestamp as
shown in Equation 2, where [ ]2 means the binary value.

[𝑡𝑖]2 = [(𝑡𝑢 − 𝑡𝑠)/(0.5𝜏𝑢) 𝑚𝑜𝑑 3]2 (2)

The reason to have the component “mod 3” is because vehicles
will send at least one update within the maximum update
interval 𝜏𝑢 and hence there will be at most 3 indexing times-
tamps co-existing in the index. For example, the corresponding
indexing timestamp for the time intervals [𝑡𝑠, 𝑡𝑠 + 0.5𝜏𝑢],
[𝑡𝑠 +0.5𝜏𝑢, 𝑡𝑠 + 𝜏𝑢], [𝑡𝑠 + 𝜏𝑢, 𝑡𝑠 +1.5𝜏𝑢] are “00”, “01” and
“10”, respectively. After the third time interval, all vehicles
in the first time interval [𝑡𝑠, 𝑡𝑠 + 0.5𝜏𝑢] should have already
been updated, which means no more information about the
first time interval exists in the tree. The indexing timestamp

“00” is then reused to indicate the fourth time interval. The
final indexing key for a new vehicle is the concatenation of
the indexing timestamp and the binary values of its future
location, as shown in Equation 3.

Key = [𝑡𝑖]2∣∣[𝑙𝑖]2 (3)

The Leaving Event (LE) queue stores the values of esti-
mated timestamps when member vehicles may be out of the
communication range of the captain vehicle, in an ascending
order. Each entry in the LE queue contains a leaving timestamp
and a pointer to a list of nodes that contain the vehicles
leaving at that timestamp. A counter is associated with the
node to record the number of leaving vehicles. This LE queue
is updated whenever a vehicle joins the zone or sends an
update to the captain vehicle.

We now summarize the process at the captain vehicle side.
Initially, the captain vehicle creates the CLV-tree that stores its
own information. After it accepted the joining request from
a new vehicle, the captain vehicle first computes the new
vehicle’s index key according to Equation 3. Then, it inserts
the information of the new vehicle into the CLV-tree. The
insertion process is similar to that in the B+-tree. Moreover,
the captain vehicle also estimates the leaving time of the
new vehicle, and update the LE queue. If the leaving time
is not recorded in the LE queue, a new entry with this leaving
timestamp and the pointer to the leaf node of the vehicle will
be inserted. With the aid of the CLV-tree and the LE queue,
the captain vehicle can identify the next captain vehicle for
the replacement when the captain vehicle is about to leave
the current zone. The vehicle which is not leaving soon and
is stored in the middle of the CLV-tree is the one which has
the positions in the middle of this group of vehicles. After
the candidate captain vehicle is identified, the current captain
vehicle will contact the candidate vehicle and pass information
about member vehicles to it. The new candidate vehicle will
broadcast a message to inform current members about its new
status.

IV. THE ROUTING PROTOCOL

We now discuss how to take advantage of the MOZO
architecture to route a message to a specified destination for
the example applications discussed in the introduction. The
routing protocol consists of the following steps.

Step 1: Suppose that the sender vehicle has a piece of
information (𝐼) that it would like to share with vehicles around
location 𝑙(𝑥, 𝑦). The sender vehicle sends a message in the
form of ⟨𝐼𝐷𝑠, 𝐼, 𝑙(𝑥, 𝑦)⟩ to its captain vehicle, where 𝐼𝐷𝑠

is the sender vehicle’s unique identity, 𝐼 is the message and
𝑙(𝑥, 𝑦) is the location of the message destination.

Step 2: Upon receiving the message, the captain vehicle first
checks if the message destination is within its moving zone.
If not, it looks for the member vehicle in its moving zone
which is closest to the message destination, and forwards the
message to the selected member vehicle. The algorithm to
find a good candidate vehicle for the message propagation (or
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propagation vehicle) is the following. The captain vehicle first
computes the shortest route to the destination 𝑙(𝑥, 𝑦) using
the Dijkstra algorithm, and then computes the intersection
point 𝑙𝑒 of the shortest route and its communication range.
The captain vehicle queries the CLV-tree to find the member
vehicles closest to location 𝑙𝑒. The chosen vehicle is called the
propagation vehicle (denoted as 𝑉𝑝). If the message is located
in the current moving zone, the routing ends.

Step 3: If the message is received by the selected propagation
vehicle (𝑉𝑝), 𝑉𝑝 will be responsible for sending the message
to vehicles in nearby moving zones. This operation will utilize
the previously stored information about nearby captain vehi-
cles. In particular, each vehicle keeps a list of captain vehicles
which responded to the hello message sent when the vehicle
requested to join a moving zone. Vehicle 𝑉𝑝 checks its list
to find the captain vehicles which have an update timestamp
not earlier than the current time minus 2𝜏 (𝜏 is introduced
in Section III), and move toward the message destination. 𝑉𝑝

sorts these vehicles in an ascending order of their distance to
the message destination. Then 𝑉𝑝 pings these vehicles. Once
𝑉𝑝 receives responses, 𝑉𝑝 selects the captain vehicle that is
on the top of the sorted list and sends out the message. If
no response is received within 𝜏 , which is possible since the
captain vehicles in the list may have already changed their
moving functions, 𝑉𝑝 will ping its one hop neighbors. Based
on the response from neighbors, 𝑉𝑝 will select the one closest
to the message destination as the next propagation vehicle.

Step 4: There are two cases in this step. In the case that
a captain vehicle from a different moving zone receives the
message from 𝑉𝑝, this captain vehicle start operations in
Step 2. In the case that a regular vehicle from a different
moving zone receives the message, the vehicle will forward
the message to its captain vehicle and the captain vehicle will
start operations in Step 2 as well.

V. EXPERIMENTAL STUDY

We used TraNS [22], an integration of SUMO and ns-2,
for VANET mobility and network simulation. In particular, we
simulate 800 vehicles moving on the Manhattan map where the
average road segment length is 961 meters. The experiments
were conducted on a linux based 64-bit Intel(R) Xeon(R)
E5630 2.53GHz machine. We compare our work with the latest
clustering-based routing protocol namely CBDRP in [21]. The
CBDRP first partitions roads into multiple segments, and then
group vehicles moving on the same road segment with the
same direction into one cluster.

We evaluate the performance of the routing protocols by
varying the distance between the message sender and the
receiver. In each round of experiments, we fix the total number
of vehicles to 800 and the routing distance between each
pair of the sender and the receiver to a value selected from
600 to 4000 meters. We observe that the MOZO protocol
has a delivery rate close to 100% when the distance is 600
meters and then is decreased to 50% when the distance is
4000 meters. The delivery rate of the MOZO protocol is

Fig. 2. Average Message Delivery Time

much higher than CBDRP which drops to zero right after
the distance is greater than 600 meters. The reason is the
following. The clusters of vehicles established by MOZO
are more stable than CBDRP since MOZO models vehicle
movement into a near future while CBDRP only considers
vehicles’ current moving directions. Moreover, CBDRP needs
to explore the route first before sending the actual message.
Due to the frequent changes of the clusters in CBDRP, the
established route needs to be frequently maintained and may
not be valid when the actual message is sent. When the route
distance becomes longer, the chance of the established route
being invalid increases, which severely affects the message
delivery rate. Another observation is that the message delivery
rate decreases when the message routing distance increases.
This is because the longer the distance, the higher the chance
that the message being dropped in the middle of the route due
to various reasons such as sparse distribution of vehicles on
certain road.

We also record the message delivery time which is measured
from the sender vehicle sending out the message till the
recipient vehicle received the message. Figure 2 shows the
results. The time for CBDRP is not reported for distance
greater than 600 meters because CBDRP has no message being
delivered for long distances. We can observe that our MOZO
routing protocol is faster than CBDRP. This is due to the fact
that MOZO sends out the message directly when exploring
the message route, while the CBDRP needs to establish route
first and then send the actual message. Further, MOZO utilizes
available routing information obtained from previous delivery.
Since the clusters are relatively stable in MOZO, such prior
information helps reduce the delivery time significantly. In
addition, it is not surprising to see that the delivery time
increases with the distance.

VI. CONCLUSION

This paper presents a novel moving-zone based architecture
and a suitable routing protocol for message dissemination
in VANETs. To the best of our knowledge, this is the first
study that applies moving object techniques to the unique
characteristics of VANET environments. The moving object
modeling and indexing techniques have been leveraged in
various tasks including zone construction, maintenance as well
as information dissemination. The proposed approach achieves
high delivery rate and short delivery time.
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