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Data delivery is the most compelling issue for the applications in vehicular ad hoc networks. The characteristics of VAENTs such as
highly dynamic topology and the road-constrained mobility pose great challenges for data delivery in vehicular ad hoc networks.
In this paper, a latency estimation-based data delivery (LED) scheme is presented. According to the current location and the
moving direction of the vehicles, LED calculates the expected delivery latency (EDL) of each vehicle and chooses the vehicle with
the shortest EDL as the next hop to forward data. Simulation results show that LED performs better than VADD.

1. Introduction

Vehicular ad hoc networks have been envisioned to be
promising in road safety and many other commercial appli-
cations, such as the intelligent transportation system (ITS),
one of the most important applications of VANET, which
have been deployed in USA, Europe, and Asia. For example,
with the ITS, an emergency warning can help drivers behind
a crashed vehicle (or incident) to avoid multicar collisions
[1]. Besides, a vehicular network can be used to alert drivers
to potential traffic jams, providing more convenience and
efficiency.

Vehicular ad hoc networks have some characteristics as
follows: (1) the topology of VANETs changes rapidly due to
the high mobility of the vehicles. Different from the tradi-
tional node-to-node pattern of routing which is based on the
mobile node topology in mobile ad hoc networks (MANETs)
[2–6], VANETs usually cannot establish a stable end-to-end
path to transmit data packets due to the intermittent connec-
tivity [7–9]. (2) The mobility of vehicle nodes in VANETs is
constrained by predefined roads. Due to the buildings and
other obstacles, the data delivery based on the V2V commu-
nications over VANETs is also constrained by the roads.

Efficient data delivery based on infrastructure-less V2V
communications is the most compelling issue for the men-
tioned applications in VANETs. However, the characteristics

of VAENTs such as highly dynamic topology and the road-
constrained mobility pose great challenges for data delivery
in vehicular ad hoc networks. Some researches have been
proposed to resolve data forwarding for vehicular networks.
GPSR [4] is a geographical forwarding approach which
always chooses the next hop closer to the destination. It is
a classic and very efficient data delivery scheme in ad hoc
networks, but it may not be suitable for sparsely connected
vehicular networks and it cannot select a path with lower
latency. Zhao and Cao present VADD [7], which utilizes
the predictable mobility in VANET for data delivery. VADD
regards each road as a link whose delay is the time consumed
to deliver a packet through the corresponding road by the
multihop communication and the carrying of moving vehi-
cles on this road. Therefore, packets will be delivered along
the shortest-delay trajectory. In cases when no vehicles are
available in the next road for data delivery along the optimal
trajectory, VADD improves packet delivery reliability by
making a routing decision at each intersection to select the
best currently available trajectory. Though VADD performs
better than GPSR, it neglects the performance difference of
individual vehicle while forwarding data.

In this paper, a latency estimation-based data delivery
(LED) scheme is presented. According to the current location
and the moving direction of the vehicles, LED calculates
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the expected latency of the individual vehicles and chooses
the best vehicle as the next hop to forward data.

The paper is organized as follows: Section 2 discusses
some related works. Section 3 states the problems. Section 4
presents the detailed design of LED, followed by the evalua-
tion of LED in Section 5. Section 6 concludes the paper.

2. Related Works

There have been a lot of research works on vehicular ad hoc
networks. In this section, we just discuss some related works
about the data delivery scheme.

Ding et al. [10] introduce that the sensing data from a
vehicle may need to be sent to a sink that is deployed miles
away, or a vehicle may want to send queries to a remote
site such as gas station, restaurant, or parking area. Thus, a
multihop routing algorithm is needed in a large vehicular
network for these applications. Then authors propose a static
node-assisted adaptive data dissemination protocol (SADV)
for vehicular networks. They suggest employing mechanisms
that enable the packet to wait at an intersection until the
best path is available. To achieve this, they add static nodes
at intersections that store and forward the packet when
appropriate. Sormani et al. [11] take an accident happening
on the highway as an example. In order to prevent dangerous
situations, the crashed cars and possibly other cars in the
vicinity immediately generate a message that is delivered to
the nearest ambulance and police stations, the vehicles within
one-mile approaching the accident area and the closest
highway entrances.

Most protocols assume that intermediate nodes can be
found to set up an end-to-end connection; otherwise, the
packet will be dropped [3, 5]. Naumov and Gross [2] present
a position-based routing scheme called CAR designed specif-
ically for intervehicle communication in a city and highway
environment. CAR integrates locating destinations with
finding connected paths between source and destination.
Once a path is found, its scheme is called CAR designed
specifically for intervehicle communication in a city and
highway environment. CAR integrates locating destinations
with finding connected paths between source and destina-
tion. Once a path is found, it is auto-adjusted on the fly to
account for changes, without another discovery process.

Wisitpongphan et al. [12] indicate that although the
average recovery time for I-80 type of freeways is, on average,
less than 30 seconds, such long network disconnection time
could be a major problem for conventional ad hoc routing
protocols [3, 5], which just tolerates a network disconnection
time of up to 2-3 seconds. In addition, some time-critical
applications may not be able to function properly in discon-
nected VANET as the end-to-end delay could be on the order
of several minutes. Vahdat and Becker in [13] use epidemic
routing. Whenever two nodes meet, they exchange the data
that they do not possess. The random pairwise exchanges
of messages among mobile hosts ensure eventual message
delivery. In [7], Zhao and Cao make use of the predicable
vehicle mobility, which is limited by the road traffic pattern
and road layout. Based on the existing road traffic pattern,
a vehicle can find the next road to forward the packet to

reduce the delay. The estimation of packet forwarding delay
through each road is based on some statistical data such as
the average vehicle density. As the vehicle density on each
road may vary with time, which greatly influences the packet
forwarding delay, the shortest-delay path calculated based on
the statistical data may not reflect the real optimal one.

Some protocols add controlled nodes to help message
forwarding. Li and Rus [14] proposed to have mobile nodes
proactively modifing their trajectories to transmit messages.
Zhao et al. [15] proposed to utilize special mobile nodes
called message ferries, which move nonrandomly in the
deployed area, to help data delivery in a sparse network.
However, in vehicular networks, it is impossible to modify
the trajectories of the moving vehicles or finding such ferries.

3. Problem Statement

3.1. VADD Analysis. VADD is based on the idea of carry and
forward. The most important issue is to select a forwarding
path with the smallest packet delivery delay. As shown
in Figure 1, VADD has three packet modes: Intersection,
StraightWay, and Destination based on the location of the
vehicle that carries the packet. In StraightWay mode, the
geographically greedy forwarding is applied to deliver the
packet to the intersection, entering into Intersection mode.
In Intersection mode, packet is determined to be delivered to
one of the road segments connected with the intersection.
Among the three modes, the Intersection mode is the
most critical and complicated one, since vehicles have more
choices at the intersection.

Before making a forwarding decision, VADD estimates
the data delivery delay of different paths to the destination.

As shown in Figure 2, for a packet at the intersection
Im, the expected delay of delivering the packet through road
segment rmn is as follows:

Dmn = dmn +
∑

j∈N(n)

(
Pnj ×Dnj

)
, (1)

where Dmn is the expected data delivery delay from Im to the
destination if the packet carrier at Im chooses to deliver the
packet following road segment rmn; dmn is the delivery delay
between Im and In; Pnj is the probability that the packet is
forwarded through road rn j at the intersection In; N(n) is the
set of neighboring intersections of In.

To shorten the delivery delay, VADD sorts Dmn for each
neighboring intersections of Im and chooses the road with
the smallest expected delay.

3.2. Problem Description. VADD has some disadvantages
as follows. (1) In StraightWay mode, packet could be
determined to deliver to which direction according to the
expected delivery delay. However, it takes some time to
deliver the packet to the intersection, which was influenced
by the location of the packet carrier, the moving speed, and
the traffic flow of the vehicles. (2) Though the geographically
greedy forwarding method achieves shorter delivery delay in
the StraightWay mode, the packet may be delivered to a road
with high latency because the moving direction of the vehicle
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Figure 2: Delay model in VADD.

ahead is uncertain and it may not contact the neighboring
vehicle in the optimal road. The wrong choice of the road
with high latency leads to more end-to-end delivery delay. In
fact, when encountering a vehicle driving to the road with
lower delivery delay, packet can be delivered to the vehicle
and carried by it to the road with shorter delay, which may
achieve shorter data delivery delay than the geographically
greedy forwarding approach. Unlike VADD that estimates
the expected data delivery delay based on the road, our
proposed LED calculates the latency of the individual vehicle
and chooses the optimal vehicle as the packet carrier
according to the current location and turning direction of
the vehicle to achieve the lowest transmission latency.

4. The Design of LED

4.1. The Expected Delivery Latency. LED scheme calculated
the expected delivery latency (EDL) of the vehicles based on
their current location and moving direction. Assuming that
the vehicle V1 moves in the road ri j at the speed of v and
the distance to the intersection I j is l, the EDL of V1 includes
two parts. (1) The time carried by V1 to the intersection I j ,
denoted by tcarry. (2) The expected end to end delay to the
destination from the intersection I j , denoted by te2e. tcarry can
be calculated by tcarry = l/v.

As in VADD, LED selects the next road with the shortest
expected delivery delay in the intersection. Assuming that the
intersection I j connects n road such as r j1, r j2, . . . , r jn sorted
by the nondecreasing order of Dj1,Dj2, . . . ,Djn calculated by
(1). If the vehicle V1 carries the data to the intersection I j and
will move into road r ja (1 ≤ a ≤ n), the data will be carried

by V1 and delivered to road r ja in the worst case. Obviously,
the probability that data delivered to the road whose expected
delivery delay is higher than road r ja is zero. The probability
that data delivered to road r jm(1 ≤ m ≤ a) is defined as (2)

pjm =

⎧
⎪⎪⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎪⎪⎩

CP j1 m = 1,[
m−1∏
s=1

(
1− CP js

)]
CP jm 2 ≤ m ≤ a− 1,

1−
a−1∑
s=1

pjs m = a,

(2)

where CP jm is the probability of meeting at least one
neighboring vehicle towards road r jm.

So, if the vehicle V1 carries the data to the intersection I j ,
the end-to-end delivery delay te2e from the intersection I j to
the destination is as follows:

te2e =
a∑

m=1
pjmDjm. (3)

And then, the expected delivery latency of the vehicle
V1 could be calculated by the equation (4) at the current
moment:

EDL = tcarry + te2e = l

v
+

a∑

m=1

pjmDjm. (4)

As seen from (4), LED computes EDL of the individual
vehicle more accurate than VADD while it considers the
moving direction of the vehicle in the next intersection and
the transmission direction of the data in the worst case.

4.2. Data Delivery. According to (4), each vehicle calculates
its EDL and broadcasts a beacon message containing EDL
periodically. While receiving beacon message, the vehicle
could find its neighboring vehicles and the EDL of the
neighbors. When making a forwarding decision, data is
always delivered to the vehicle with the shortest EDL until
it arrives at the destination.

LED can be used to select an optimal driving route
because (4) considers four factors: the current location of
the vehicle, the moving direction of the vehicle, the expected
delivery latency of the road connected with the intersection
ahead, and the probability that data will be delivered to the
road connected with the intersection ahead. For example, as
in Figure 3, the vehicles V1 and V2 move to the intersection
I j and the vehicle V3 moves to the intersection Ii. The
transmission direction of data is determined by the EDL
of the three vehicles. If V3 has the shortest EDL, data will
be delivered to the intersection Ii. Otherwise, data will be
transmitted to the intersection I j . Compared with LED,
VADD cannot choose the transmission direction of data
according to the current traffic, which may incur longer
delivery delay. In addition, if V3 has the largest EDL, data
will be delivered to the intersection I j . Assume that the
intersection I j connects the road r j1 and r j2, and the end-
to-end delay of r j1 is far less than r j2. In the intersection I j ,
the vehicle V1 will enter into the road r j1 and V2 will enter
into the road r j2. If the probability that V2 meets a vehicle
moves to the road r j1 in the intersection I j is too small, data
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Figure 3: Data delivery of LED.

will be carried by V1 and delivered to the road r j1 in spite of
the fact that V2 is closer to the intersection I j than V1. On
the contrary, if V2 has a high probability to contact a vehicle
that moves to the road r j1 in the intersection I j , data will be
transmitted to V2 and delivered to the vehicle that moves to
the road r j1 by V2 quickly.

5. Performance Evaluation

We choose VanetMobiSim+NS2 to evaluate the performance
of the LED, in which VanetMobiSim is used to produce the
motion model of the vehicles. VADD is also simulated to
compare with the LED.

The experiment is based on a 5400 m × 4800 m map,
including 36 intersections and the destination is set to the
central point of the map. The speed of vehicle is differentiated
from 40 km/h∼80 km/h and is set before the vehicle enters
into the road segment, which is restricted by the speed limit
of the road segment. MAC protocol of the vehicles uses
802.11 and the transmission radius is set to 200 m. TTL is
an upper bound on the time that a packet is valid or not.
If the TTL of packet expires, packet will be dropped. The
simulation parameters are listed in Table 1.

We evaluate the performance of the two schemes on data
delivery ratio and average delivery delay. Firstly, we observe
the performance of the two schemes when the packet is
without TTL constrains. Then TTL is set to 600 seconds, the
performance of the two schemes under different scenarios is
discussed.

5.1. Without TTL Constrains. In this section, we set TTL to
infinite. That is to say, packet will not be dropped forever and
all packets will be delivered to the destination. The average
delivery delay of the two schemes is listed in Table 2.

As seen from Table 2, LED has less delivery delay than
VADD. The reason is that VADD computes the expected
delivery delay based on the statistics of traffic flow, which
is used to assist in packet forwarding, without any consid-
eration of the current delivery capability of the individual
vehicle. In contrast, LED takes the current state of the
individual vehicle and calculates the EDL of the individual
vehicle more accurately based on the current location and
moving direction of the vehicle, which packet is delivered to
the vehicle with the lowest EDL.

5.2. Impact of Density. Figure 4 shows the impact of the
number of vehicles on the performance of the two schemes
in terms of the data delivery ratio and the average delivery
delay, respectively.

Table 1: Default simulation parameters.

Parameters Value

Simulation area 5400 m × 4800 m

Intersections 36

Number of vehicles 100

Transmission radius 200 m

Speed of vehicles 40 km/h–80 km/h

MAC protocol 802.11

Time-to-live (TTL) 600 seconds

Packet generation rate 1 packet/second

Table 2: Performance of the two schemes without TTL constrains.

LED VADD

Average delivery delay(s) 323.6 347.1

Figure 4(a) depicts the impact of the number of vehicles
on the data delivery ratio. As seen from Figure 4(a), the
data delivery ratio increases quickly with the increase of the
number of vehicles. This is because the growth of the density
of the vehicles improves the connectivity of the networks
and there are more chances to deliver the packet to meet
an appropriate next hop. But when the number of vehicles
is high, the data delivery ratio increases slowly and there is
no much difference between the two schemes. The reason
is that when the density of the vehicles is high, there are
more chances to meet an optimal vehicle in the intersection
and the packet will be delivered to the vehicle closer to the
intersection, in which LED performs like VADD. Figure 4(b)
shows the average delivery delay of the two schemes. The
higher the density of the vehicles, the higher probability the
packet is delivered to the road with the shorter expected
delivery delay to the destination, which reduces the average
delivery delay.

5.3. Impact of Communication Radius. Figure 5 shows the
performance of the two schemes under different communi-
cation radii. Figure 5(a) compares the two schemes on
data delivery ratio and Figure 5(b) describes the average
delivery delay of the two schemes. When the communication
radius is small, the network connectivity is poor and
there are little chances to communicate with each other,
leading to poor performance. With the enlargement of the
communication radius, the data delivery ratio of the two
schemes increases and the average delivery delay decreases.
The enlargement of the communication radius improves the
network connectivity, introducing more chances to meet the
next hop. Moreover, there is less time to carry the packet
if the communication radius is large and the packet will be
delivered to the destination rapidly by multihop.

6. Conclusions

In this paper, we proposed a latency estimation-based data
delivery scheme. Based on the current location and the
moving direction of the vehicles, LED calculates the expected
delivery latency of the individual vehicles and chooses the
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Figure 4: Performance under different densities of the vehicles.
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Figure 5: Performance under different communication radii.

vehicle with the shortest EDL as the next hop to forward
data. Simulation results show that LED performs better than
VADD.
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