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Resumen— Nowadays our vehicles have several sen-
sors that collect information not only about velocity
or fuel consumption, but also about weather (rain sen-
sors) or other external factors. A distributed traffic
monitoring system that combines all this information
gathered by different cars is a challenging task. We
consider that vehicular ad-hoc networks (VANETs)
are particularly suitable for this endeavor. VANETs
present some characteristics such as a high mobility,
a variable node density or frequent radio obstacles
that are prone to generate network partitions. Un-
der these conditions, a complete multi-hop path be-
tween the source and the destination of a packet sel-
dom exists. Other authors have proposed using DTN
protocols to address these problems. In this paper
we present a collecting sensor data routing proto-
col, called Map-based Sensor-data Delivery Protocol
(MSDP), which combines information about the road
map and the nodes’ future routes to improve data de-
livery. Through simulations based on accurate mobil-
ity and propagation models, we show that our proto-
col is able to significantly reduce channel congestion,
while maintaining or even improving the packet de-
livery ratio.

Palabras clave— delay tolerant networks, Wireless
sensor networks, wireless networks, VANET, GPS.

I. Introduction

WIRELESS networks have evolved quickly For
the automobile industry, many wireless solu-

tions have been proposed to improve safety-related
and data communication among vehicles and be-
tween vehicles and infrastructure. Concerning
safety-related communications, vehicles have differ-
ent sensors which collect information not only about
engine status, or speed, but also context informa-
tion (e.g. weather or traffic status). The collected
information could be sent to data centers inside the
backbone network through Vehicular Ad-Hoc Net-
work (VANET) technologies and processed to im-
prove road security and traffic management.

Delay Tolerant Networks (DTNs) allow sharing in-
formation between nodes even in the presence of high
delays. When the DTN concept was introduced, it
was proposed as a solution for the Interplanetary In-
ternet, a kind of internet-like network between satel-
lites. DTN follows a scheme known as store, carry,
and forward. In DTN, when a message cannot be
routed to its destination, it is not dropped; instead, it
is stored and carried until a new route becomes avail-
able. This mechanism can be applied to VANETs to
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take advantage of the high degrees of mobility [1].

The most typical examples of DTN protocols
VANET are the Epidemic Protocol [2], and its dif-
ferent flavors like the Spray and Wait protocol [3]
and the Spray and Wait+Probability [4]. Some other
proposals uses the geographical location of the nodes
to decide the next forwarding node [5]. There have
been also some proposals that incorporate maps and
routes of the nodes as a parameter for routing de-
cisions, the most advanced protocol in this category
are GeOpps [6] and GeoDTN+NAV [7].

In this article we propose the Map-based Sensor-
data Delivery Protocol (MSDP), a DTN routing pro-
tocol that combines information obtained from the
Geographic Information Service (GIS) with the ac-
tual street/road layout obtained from the Naviga-
tion System (NS) to find the best route. Thus, the
novelty of our proposal is that our protocol is not
based simply on geographic positions or distances,
but routing decisions consider the programmed route
of the vehicle, the expected time to reach the mes-
sage’s destination, the amount of data stored in the
vehicle’s buffer, the amount of data expected to be
exchanged with the destination, as well as the degree
of trust of the source for all the considered informa-
tion to efficiently deliver sensor data messages to the
control center. Using accurate mobility and prop-
agation models, we thoroughly evaluate our proto-
col against the well-known Epidemic protocol. The
results show that MSDP achieves a higher delivery
probability and a smaller average delay with much
lower channel congestion levels.

This paper is organized as follows: in Section II
we refer to some of the most relevant proposals in
this field. Later, we describe our proposal in Sec-
tion III. Our simulation environment and settings
are presented in Section IV. In Section V we expose
the chosen metrics and the obtained results. Section
VI concludes this paper and provides details about
future work.

II. Protocol description

We have designed a protocol called Map-based
Sensor-data Delivery Protocol (MSDP) with the pur-
pose of collecting information from a vehicular sensor
network and delivering that information to a control
center located inside the backbone of the network.
The information is obtained from sensors deployed
in vehicles which can be retrieved using, for example,
an On Board Diagnostic 2 (OBD-II) unit [8]. A mes-
sage is considered to be delivered if it is correctly re-
ceived by any of the Road Side Units (RSUs), which
will send it to the control center. RSUs are supposed



to be placed in strategical places by entities inter-
ested in collecting the information. The location of
the RSU is provided to vehicles through a dynamic
updating service.

We assume that the nodes of our network have
an IEEE 802.11n interface for Vehicle to Infraestruc-
ture (V2I) communication, and an IEEE 802.11p in-
terface for Vehicle to Vehicle (V2V) communication.
Moreover, we also assume that all nodes also have
some degree of knowledge about their own route ob-
tained from a Navigation System (NS). That NS
can be an interface to different sources like a inte-
grated on board navigation device, or a preloaded
static route, like in a train or a bus.

Briefly explained, our protocol works as follows:
Data messages are generated by bundling informa-
tion from different sensors. Large messages are frag-
mented into packets that will be stored in the node’s
buffer. In MSDP a node with packets in its buffer
to be transmitted is called custodian. Custodians
announce their presence and information about the
knowledge of their routes to other nodes periodi-
cally. We refer to nodes that receive this announce-
ment as candidates. Candidates will answer to the
announcements with a message containing informa-
tion about their positions and an index depending on
their routes. After evaluating this information, the
custodian will decide, as detailed below, if it is worth
forwarding the packets to the best candidate, or if it
is better to wait for future communication opportu-
nities. It is important to remark that a custodian
will never remove a packet from its buffer until a
candidate has been confirmed as the new custodian.
Finally, when a custodian reaches a RSU, it will try
to use this communication opportunity to deliver as
many packets as possible. Once a RSU has received
a packet, the packet will be sent over to the service
specific control center inside the backbone. The con-
trol center will then reassemble the packets into the
original message and process the content.

In an attempt to cope with the problems exposed
in previous sections, our proposal properly handles
the following issues:

Redundancy

After fragmenting the messages into packets,
we add a percentage of redundancy packets us-
ing Foward Error Correction (FEC) techniques. It
means that, if a message needs N packets, N ∗ α
packets will be sent, where redundancy factor alpha
is greater than 1 and depends on the configuration.
In our scheme all these packets are generated and
distributed, but the original message can be reassem-
bled with just N packets. This redundancy allows
reducing the impact of possible packet losses.

Reactive mechanism

Only custodians actively announce their presence
to other nodes, while candidates only send messages
as an answer to announcements. This mechanism
slightly increases the time required to detect a trans-

mission opportunity, but it strongly reduces both the
amount of resources consumed and the channel con-
gestion.

Channel prediction

In our protocol every message contains informa-
tion about the position and velocity of the source
node. Using this information, nodes are able to omit
transmissions that would lead to a waste of resources,
as occurs when a message is sent to a node close to
the maximum transmission range.

A. Routing decision

The main novelty of our proposal is the way our
protocol makes routing decisions. In MSDP, custo-
dians use the value of a function, called UtilityIndex,
to determine which is the best candidate to forward
each packet, or even whether it is better to keep the
packet in the buffer and ignore the transmission op-
portunity. The UtilityIndex, which depends on three
parameters, is calculated locally and communicated
to neighbor nodes through MSDP messages. The
higher the UtilityIndex is, the better the candidate.
It is defined by the following function:

UtilityIndex =
P 2

T
∗Q (1)

The three parameters, P, T, and Q are defined as
follows:

Trustworthy factor (P)

This parameter tries to quantify the reliability of
the Navigation System (NS), being higher values as-
sociated with more reliable NS data.

Time to reach a RSU (T)

Using the information obtained through the NS,
every candidate estimates the time, in seconds,
needed to reach the following RSU. Obviously, better
candidates are associated with lower times to reach
a RSU. T is defined by the following equation:

T =
log(t+ 1)

log(τ)
(2)

being t the time to reach the next RSU expressed
in seconds, and τ the maximum delay considered for
the application. This function gives more emphasis
to small time differences.

Transmission availability (Q)

Using the information obtained from the NS,
nodes are able to estimate the duration of the next
transmission opportunity with a RSU, and also the
average transmission rate of nodes connected to that
RSU. Therefore, they can estimate the amount of
data that they will be able to deliver. Our protocol
uses the ratio between the amount of data contained
in its buffer and this estimated value (q) to prioritize
those nodes with a ratio closer to zero. Q represents
this availability, and it is defined by the following
function:



Q = max[
log(β ∗ (1 − q))

log(β)
, 0] (3)

being q the rate previously mentioned, and β an
application parameter that modifies the slope of the
logarithmic function. Given an amount of data for
the next transmission opportunity, Q decreases when
the amount of data in the buffer increases.

In our protocol, a data message is defined by a
tuple (SourceID, MessageID, Timestamp). The data
message is then fragmented into several data packets;
the number of packets depends on the size of the orig-
inal data message. Redundancy information packets
will also be generated if necessary. Each data packet
includes the original tuple to allow reassembling the
message at the destination, along with three new
fields, where the first of them indicates the fragment
number, the second one indicates the total amount
of data packets necessary to reassemble the original
data message, and the last one indicates the maxi-
mum number of hops that a data packet can traverse.
The size of the payload contained in an information
packet is fixed.

B. Routing messages

Once data messages are generated and fragmented
into packets, packets are individually routed through
the network until they are received by a RSU which
will send the packets to the control center. With
that purpose, our protocol defines 5 types of MSDP
messages that are sent using UDP. All of them have
a common header that includes both the subtype of
the message and the timestamp at which the message
was generated. The remaining fields for each type of
message are described bellow:

• MSDP Announcement Messages: This type of
message is broadcasted periodically by custo-
dians. It contains four additional fields: the
unique Id of the node that generated the mes-
sage, the position of the node, the velocity of
the node, and its own UtilityIndex.

• MSDP Announcement Response Messages:
This message includes the same fields as
has MSDP Announcement Messages, but it
is generated by candidates when an MSDP
Announcement is received. They are also sent
to the broadcast address.

• MSDP Data Messages: This packet contains 4
fields: the source id, the destination id, a lo-
cal unique message identifier, and the number
of data packets serialized in its payload. The
encapsulated data packets can belong to differ-
ent sources.

• MSDP Data ACK Messages: This message is
used to confirm that an MSDP data message
has been received. It contains the information
required to identify the confirmed message, as
well as about information the position and ve-
locity of the sender.

• MSDP RSU Announcement: RSUs announce
their position through this message. It contains

the position of the RSU and its ID.

C. Nodes Behavior

As we have introduced before, in MSDP there are
3 type of nodes: custodians, candidates, and RSUs.
Below we present the complete behavior of every type
of node and the pseudocode for both custodians and
candidates:

Custodians

1. Start announcing their position periodically
through MSDP Announcement Messages and
then wait for replies from candidates.

2. After receiving an MSDP Announcement Re-
sponse the candidate sender ID is stored on a
list; then, after a certain delay, a transmission
starts with the best of the stored candidates.

3. In case an MSDP RSU Announcement is re-
ceived, a transmission with the RSU will be im-
mediately started.

4. Aiming at reducing the resource consumption,
the next MSDP Announcement message sched-
uled will be omitted if an MSDP Announcement
message from another neighbor custodian is re-
ceived.

5. During a transmission, several data packets are
encapsulated inside the payload of MSDP Data
messages. The size of MSDP Data messages is
limited by network’s Maximum Transfer Unit
(MTU).

6. When an MSDP Data ACK is received, con-
firmed data packets are removed from the buffer.

Candidates

1. Remain in a passive state until an MSDP An-
nouncement message is received from a custo-
dian.

2. After receiving an MSDP Announcement mes-
sage containing an UtilityIndex lower than its
local UtilityIndex, they will send an MSDP
Announcement Response message to announce
themselves. To avoid collisions, a small random
time is introduced before sending the MSDP An-
nouncement Response.

3. To avoid wasting resources, if an Announcement
Response containing an UtilityIndex better than
the local UtilityIndex is received, and a new
MSDP Announcement Response message was
scheduled as well, the last one will be omitted.

4. If an MSDP Data message is received, the data
packets contained in its payload are decapsu-
lated and stored in the buffer, and so the node
becomes a custodian node.

5. If the data packets were stored properly, they
will be confirmed with an MSDP Data ACK
message.

RSUs

1. Announce their presence through RSU An-
nouncement messages.



Fig. 1. Map of the city of Valencia used in our simulations.

2. When an MSDP Data message is received, the
data packets are immediately decapsulated and
sent to the control center.

3. If the data packets were sent properly, they will
be confirmed with an MSDP Data ACK mes-
sage.

III. Simulation Environment

We compared our MSDP protocol against the Epi-
demic protocol [2] through simulations. The Epi-
demic protocol provides an upper bound for the de-
livery probability, and a lower bound for the delay
time when enough resources are available. In this
section we will detail the tools and the configuration
that we have used.

A. Simulation Tools

We have implemented MSDP using the ns3 [9]
simulator. Ns3 is an event-driven simulator that in-
cludes detailed implementations of the 802.11 phys-
ical and MAC layers.

B. Mobility Traces

One of the most important issues in DTN sim-
ulations is the mobility pattern. The mobility pat-
terns of our simulation have been generated by a tool
designed by our research group called Citymob for
Roadmaps (C4R) [10], which is based on the Simu-
lation of Urban MObility (SUMO) [11] tool.

C4R generates pure random routes, meaning that
a car starts its route in a random road of a real
map, and a destination road is also chosen randomly.
Then, the shortest path through the road network
is calculated using the Dijkstra algorithm. When a
car arrives to its destination, it shuts down all inter-
faces and is removed from the map. We consider that
this behavior is a better approximation to real mo-
bility than other proposed mobility models in which
cars never stop, following infinite routes. We want
to remark that the duration of the routes is unpre-
dictable, and removing a car means that all the pack-
ets contained in its buffer will be lost. In a real sit-

uation packets could be reintroduced in the network
when the node starts a new route, but only under the
assumption that the maximum delay is much lower
than the average stop time; we can also assume that
all the packets contained in the buffer when a node
stops will never arrive. Moreover, as a consequence
of the behavior described above, the node density
varies throughout the simulation time.

The mobility traces are generated for the city of
Valencia, within an area of 2325x2160 meters, rep-
resented in Figure 1. We believe that this map is a
good example of an average sized European city. In
this scenario we located five different RSUs in some
strategic avenues of the city.

C. RSU locations

We assumed that RSUs are located by an entity
whose objective is to collect as much traffic infor-
mation as possible. According with this assumption,
we placed the RSUs on the avenues of our network
with a bigger volume of road traffic. Figure 1 shows
the location of the RSUs and their communication
ranges.

D. General parameters

In our simulated scenario every node has 2 inter-
faces: an 802.11n interface tuned at the frequency of
2.4 GHz and used for V2V communication, and an
802.11p interface tuned at the frequency of 5 GHz
and used for V2I communication. UDP parameters,
as well as IP, ARP and MAC parameters, take their
default values. Both interfaces transmit at the maxi-
mum allowed power in Europe: 20 dBm and 33 dBm,
respectively.

E. Propagation models

We consider that the use of very simplistic propa-
gation models is one of the main drawbacks of previ-
ous studies in this topic. As demonstrated in [12] and
[13], this issue must be seriously considered. In an
attempt to accurately model real world conditions,
we decided to combine the two ray ground propaga-
tion model and the Nakagami fading model [14].

F. Generated data traffic

Every node in our network scenario generates a
message with a size of 2500 Bytes every 5 seconds.
The size of the fragments is 231 Bytes plus headers,
making a total size of 256 Bytes. The traffic genera-
tion will be stopped after the first 100 seconds of our
simulation. The simulation will last 3600 seconds.

IV. Results

In this section we present a performance compari-
son of the MSDP protocol against the Epidemic one.
Results show that our proposal performs better than
the Epidemic protocol for almost every simulated
scenario and under all the selected metrics.

Figure 3 shows the average delivery probability
for both protocols at different node densities. At
low node densities the Epidemic protocol behaves
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slightly better than our proposal. This is because
the Epidemic protocol ensures the optimal route is
used when the available resources, in terms of chan-
nel capacity and node mobility, are enough. How-
ever, our protocol can miss some multi-hop paths.
The maximum delivery probability is obtained with
a moderate network density; at this point our proto-
col performs a 13 % better than the Epidemic pro-
tocol. When the number of nodes increases beyond
this value the delivery probability decreases. In the
case of the Epidemic protocol, it is due to general
network congestion; however, in the case of MSDP,
it is due to an over-estimation of the throughput to-
wards the RSUs in the presence of congestion. Under
such conditions the custodians are not able to empty
their buffers and, as consequence, packets are dis-
carded when the nodes are turned off.

Figure 2 shows the average total number of MSDP
message transmissions per data message generated.
This metric accounts for every type of message (de-
scribed in section II) sent to the wireless channel.
The Epidemic protocol, even for low densities, gen-
erates many more transmissions than our proposal.
It is important to notice that, when doubling the
initial number of nodes from 15 to 30, the Epidemic
protocol doubles the number of transmissions as well,
while under our proposal it almost does not increase.
At high densities, the high congestion generated by
the Epidemic protocol drastically reduces the trans-
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Fig. 6. Cumulative distribution of data message delay.

mission opportunities between nodes and, as conse-
quence, the total number of transmitted MSDP mes-
sages per data message decreases. From our point of
view, this metric is very important since it is ex-
pected that information collecting applications will
coexist with several other applications, and so the
imposed overhead will be even higher.

Figure 4 represents the average delay for the re-
ceived data messages. It shows that, when using our
protocol, the mean delay decreases when the amount
of nodes in the network increases. On the other hand,
when using the Epidemic protocol, the mean delay
increases when the number of nodes increases. This
behavior is a consequence of the huge overhead in-
troduced by the Epidemic protocol, which saturates
the network capacity. We have also represented the
cumulative distribution of the data messages delay in
Figures 5 and 6, which is a better metric to evaluate
the complete behavior of a protocol. They show that,
when using MSDP, only a small percentage of the re-
ceived data packets and messages will experiment a
delay higher than 15 seconds while, when using the
Epidemic protocol, a high number of messages are
received more than 1 minute later.

Comparing figures 5 and 6, we can see that the per-



centage of data messages received is slightly smaller
than the percentage of data packets received. This
difference becomes bigger in the case of the Epidemic
protocol. The cause for this different behavior when
comparing our proposal against the Epidemic proto-
col is the kind of losses that both protocols experi-
ment. In the case of MSDP, losses are produced by
invalid routes that are usually taken by the majority
of the fragments of a data message. On the other
side, the multi-copy scheme of the Epidemic proto-
col increases the probability of multipath routing for
data packets; as a consequence, losses usually affect
several data messages.

V. Conclusions

In this article we proposed MSDP (Map-based
Sensor-data Delivery Protocol), a DTN routing pro-
tocol that combines information obtained from the
Geographic Information Service (GIS) with the ac-
tual street/road layout obtained from the Navigation
System (NS) to find the best route.

The novelty of our proposal is that MSDP is not
simply based on geographic positions or distances,
but routing decisions consider the programmed route
of the vehicle, the expected time to reach the mes-
sage’s destination, the amount of data stored in the
vehicle’s buffer, the amount of data expected to be
exchanged with the destination, as well as the degree
of trust of the source for all the considered informa-
tion to efficiently deliver sensor data messages to the
control center.

Using accurate mobility and propagation models,
we thoroughly evaluated our protocol against the
well-known Epidemic protocol. The results showed
that MSDP achieves a higher delivery probability
and a smaller average delay with much lower channel
congestion levels.
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