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ABSTRACT

Vehicular Ad-Hoc Networks (VANET) is a research venue that promises for many useful applications. Most of these
applications require a precise real-time positioning system for each vehicle. However, practically the existing tech-
niques are still not accurate and hence not suitable for some critical applications. In this paper, we will focus on the
most critical ones which are the collision avoidance, and collision warning, or lane-tracking. Collision occurs when the
distance between nearby vehicles decreases rapidly. Hence, an accurate and precise knowledge of the distance among
each vehicle and all the surrounding vehicles has to be obtained to enable a realistic collision avoidance service. We
propose to use the carbon nanotube network (CNT) integrated with other nano-devices that can provide accuracy in the
order of millimeters. In this paper, theoretical investigations and mathematical formulations are presented. The obtained
results show the effectiveness and accuracy of the proposed methodology.
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1. Introduction

Recently, there are many research efforts on a new tech-
nology named as Vehicular Ad-Hoc Network (VANET)
[1-5]. In VANET, vehicles will be equipped by wireless
transceiver that allows each vehicle to communicate with
the surrounding vehicles on the street. This is referred to
vehicle-to-vehicle (V2V) communication. In addition,
the roads will be reengineering by installing wireless
equipments on the sides of roads. These equipments are
referred as the Road-Side Units (RSUs). The RSUs are
connected together using wired infrastructure or in some
cases using the Wireless Mesh Networks (WMS) infra-
structure. The RSUs are connected to the central servers.
In this case, the vehicles can communicate also with the
RSUs as they move. This type of communication is re-
ferred as Vehicle-to-Infrastructure (V2I) communication.
Both V2V and V2I communications form moving ad-hoc
networks. Using this network architecture, the vehicles
can be connected all the time with the infrastructure
network and with the surrounding vehicles. Many useful
applications can be implemented with VANET. Some
promising applications may include collision avoidance,
cooperative driving, automatic driving, navigation and
probe vehicle data that increase vehicular safety and re-
duce traffic congestion, and offer access to the internet
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and entertainment applications. Another kind of services
that could not be realistic without VANET includes the
autonomous street lightening system [6], smart traffic
light management system [7], and automatic fracture re-
cording and monitoring system [8].

On the other hand, VANET technology is still in the
research phase, where there are some challenges to be
undertaken before the real deployment of VANET tech-
nology on the streets. The most critical one is the posi-
tioning system (aka localization system) for the vehicles.
In other words, this system answers the question “How to
provide each vehicle by its real time location?” There
exist several positioning techniques that are suitable for
many applications [9-18]. Each application or service
provided by VANET has its own requirement of the po-
sitioning system. Some applications may tolerate some
error level in the positioning information. Other applica-
tions require a very accurate and reliable positioning
system. Example of the first category is the traffic man-
agement applications. Most of the safety applications on
the other hand require the second category. Some exam-
ples are the collision avoidance, automatic driving and
lane tracking. The accuracy of positioning system must
be within the centimeter. In addition, its availability must
be guaranteed. If it fails for some time, catastrophic cir-
cumstances may occur such as collisions or car crashes.
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The most famous positioning system is the GPS (by
using a set of satellites that feeds information about the
position of a GPS receiver). However, all the existing
positioning techniques including the GPS have several
drawbacks. Lack of accuracy of the resulting measure-
ments is the most unacceptable disadvantage. For exam-
ple, GPS devices can produce an error of up to 50 meters
[10]. This accuracy may seem to be acceptable for seve-
ral applications. On the other side, as mentioned before,
other applications like collision avoidance, automatic
driving and lane tracking demand precise and accurate
positioning information. Therefore, the existing position-
ing techniques including GPS are not suitable for this
kind of applications in VANET. Recently an enhance-
ment to the GPS referred as the Differential GPS (DGPS)
consisting in installing expensive ground stations can im-
prove the accuracy significantly. However, GPS and
DGPS and the similar techniques do not work in tunnels,
undergrounds, and in high dense building areas, because
the signal cannot be received or received very weak.

On the other hand, nanotechnology is a field of science
that is concerned by controlling matter on a scale be-
tween 1 - 100 nm. It provides solutions for sensing, ac-
tuation, radio, embedding intelligence into the environ-
ment, power efficient computing memory, energy sources,
human-machine interaction, materials, mechanics, manu-
facturing and environment issues [19-26].

Nanotechnology wireless ad-hoc networks with large
number of extremely low cost, low power nodes are
studied. For example, all required components of a wire-
less sensor node, i.€, a sensing unit, a processing unit,
and a power unit have already been demonstrated with
nanoelments, such as carbon nanotubes (CNs) [27-32].
Nanotechnology transceivers devices have important role
in the network applications. It increases the sensorial of
each vehicle with other neighboring things. We, thus,
will provide a theoretical study for obtaining accurate
inter-vehicle distance measures based on the CNT net-
works.

In this paper, we propose an accurate inter-vehicle dis-
tance estimation model that can be used for accurate
short distance estimation. The range can be less than 20
meters and with accuracy that can be within several mil-
limeters. The model is referred as the Vehicular Carbon
Nanotube (VCNT) networks. It is clear that this system
can be used in the critical applications like the collision
avoidance. The system is accurate and reliable and can
work in all areas. If this system is used in conjunction
with DGPS, it could provide a full range of distance and
position estimation in real time.

The rest of this paper is organized as follows: In Sec-
tion 2, the related works and research efforts are given.
Theoretical model of vehicle carbon nanotube network is
denoted in Section 3. Finally, the conclusions and the
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future works are given in Section 4.

2. Related Works

There exits two categories of positioning systems: in-
doors techniques [33,34], which are not suitable for
VANET due to its cost and the limited distance they
support. Another research works in VANET positioning
includes the following techniques. First, the signal-
strength-based techniques, where the receiver calculates
an estimate of its location based on the received signal
strength from several wireless access points. These tech-
niques are not accurate. Reported results based on this
technique shows poor accuracy [1,13] (around 50 meters).
An interesting work that proposes a positioning system
based on the Received Signal Strength (RSS) for
VANET is proposed in [35]. The system uses the same
equipments of VANET to reduce the cost. By solving the
channel interference and the near-far problems, the sys-
tem gives in practice an accuracy of maximum absolute
error of 2 meters.

Second, Time-Of-Arrival (TOA)-Based techniques,
which are based on the travelled distance from the base
station to the receiver of a known signal. This is the solu-
tion adopted by GPS [19]. As we mentioned before, its
practical measurements are not acceptable for VANET,
as it lacks the accuracy. In addition, the Signal cannot be
received in some places (tunnels, undergrounds, and near
dense areas of building). TOA techniques require a per-
fect synchronization between the clocks of the base sta-
tions and the receivers. This cannot be guaranteed except
by using atomic clocks which are very expensive. Other-
wise the accuracy is compromised. Third, techniques
which are based on the round trip time [19]. The receiver
sends a small packet to the base station and wait for a
reply from it. The elapsed time is proportional to the dis-
tance between it and the base station. By some calcula-
tions the receiver can know its location provided that it
can talk to at least three base stations each one knows its
accurate location. Again the distance between the base
stations and the receiver must be large to obtain good
results.

From nanotechnology point of view, the significant in-
teresting application is wireless ad-hoc networks with
large number of extremely low-cost, low power elements.
For example all the required components of a wireless
sensor node, i.e, a sensing unit, a processing unit, a
transceiver unit, and a power unit have already been
demonstrated with nanoelments, such as carbon nano-
tubes (CN) [25]. Hence, the focus in this paper is on CN
integrated system. The physical operation of a nanotube
antenna is significantly different from that of a classical
antenna for wireless communication. When it acts as re-
ceiver, the nanotube absorbs electromagnetic waves and
converts them to mechanical vibrations. Since the nano-
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tube is charged, these vibrations cause changes in the
electric field at the cathode right across the nanotube and
the induced current is processed to recover the incident
signal. Since the mechanism of the nanotube ante na is
electromechanical, the nanoreceiver has to overcome the
acoustic noise, which is effective directly on the nano-
tube, as well as the thermal noise, effective at the rear
end of the antenna [34]. In another case, when it acts as
transmitter, the previous procedure is reversed, i.e, the
nanotube is mechanically oscillating at the frequency of
the carrier signal. By applying a dc voltage to the nano-
tube, charge is concentrated at the tip of the nanotube.
Therefore, when the nanotube oscillates it radiates an
oscillating electromagnetic field [35].

3. Model of Vehicle Carbon Nanotube
Networ k

A nanosensor is not necessarily a device merely reduced
in size to a few nanometers, but a device that makes use
of the unique properties of nanomaterials and nanoparti-
cles to detect and measure new types of events in the
nanoscale [26]. Recent advancements in molecular and
carbon electronics such as Carbon Nanotube (CN) have
opened the door to a new generation of electronic nano-
components such as nanobatteries, nano-memories, logi-
cal circuitry in the nanoscale and even nano-antennas
[28]. CN based sensors have shown many benefits over
their past counterparts and are suitable candidates in this
nanotechnology driven age [29]. As one can see in Fig-
ure 1, the integrated carbon nanotube network for vehi-
cle, (VCNT), denotes a concept of operation (See also
Figure 2). It depends essentially on the CN and Micro-
Electro-Mechanical Systems (MEMS) based sensor
nodes. Terahertz range; medium infrared region, (1 - 10
THz) is received by nano-sensors while megahertz range
is received by MEMs sensor and nano-transeciver. The
megahertz wave can be used to remote control the nano-
sensor system by classical transmitters in macro-range
[26]. After that the received signal will be amplified and
processed by the nano-stages as depicted. Nano-batteries
like quantum dot solar cell can be used to supply all
stages of nano-devices. To achieve communications be-
tween nodes in VCNT, the nodes must be activated, ei-
ther externally by a centralized controller, or internally in
a sequential manner as the activation signal propagates in
the network in a multihop fashion.

The activation signal is an electromagnetic wave has
certain duration, tuned according to the resonance fre-
quency of the nanotube antennas of the nodes to be acti-
vated [35]. Really, the activation of adjacent nodes
changes with time and vehicle’s position. This requires a
software to be processed by the nano-processor and
loaded into the memory in Figure 1.
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Figure 1. Integrated carbon nanotube network for vehicle
(VCNT).
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Figure 2. Vehicular Carbon Nanotube Networks (VCNT).
Each circle is a VCNT, virtually having a vehicle on the
center (ex. Vehicle #1 and #2 in the Figure). VCNT s
formed in an ad-hoc maner. VCNT on-board device mea-
sures the distance between the vehicle and all the surroun-
ding vehiclesin that VCNT.

Here, description of the construction of VCNT and
mathematical model will be demonstrated for the overall
capacity and the capacity per meter between nodes. CNT
have a period of one decade and each year new applica-
tions are proposed [30]. We propose this type of sensors
as a better candidate for inter-vehicular distance estima-
tion. As described above, the accuracy of the existing
distance estimation techniques are not suitable for some
VANET applications. VCNT can be a good choice to
solve this issue, by providing cheep accurate inter-vehi-
cle distance estimation in the short range (within 20 me-
ter). In CNT operation; the variation of conductance cur-
rent is depending on the detection of physical, or chemi-
cal, or biological effects. Because of the scale of CNT is
down in size, an enhancement of network performance
will be achieved. Higher capacity or larger bandwidth is
accomplished with increasing oscillation frequency. CNT
frequency is 1/L more than traditional wireless commu-
nication; where L is the linear scale dimension [31]. Here,
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VCNT model is proposed to cover the smaller distance
between a vehicle and surrounding ones. Each vehicle
establishes one or more carbon nanotube node network
as shown in Figure 2. Thus, VCNT operation is similar
to the Mobile Ad-hoc Networks (MANET); where nodes
(vehicles) join and leave the network at any time. In ad-
dition, due to the variance of the vehicles’ speed, the
vehicles form many dynamic VCNTs as they move.

The total VCNT is the sum of vehicles in the zone at
specific time. The number of nodes (vehicles) is changed
according to the place and time in ad-hoc manner. So, we
will start by determining the internal link capacity be-
tween nodes. The capacity per meter of a channel from
specified transmitter to receiver is given by Shannon’s
famous formula [32]:

Crr = {BWn[1+S/N]/d} (1)

where, BW is the bandwidth of the communication, SN
is the signal-to-noise ratio (SNR) of the link, and d is the
distance. The previous formula states the relation be-
tween the theoretical of clean maximum bit rate of clean
data (or low bit error rate) with a given average signal
power that can be sent through an FM analog communi-
cation channel subject to additive, white, and Gaussian-
distribution noise interference. Figure 3 depicts the

channel capacity with distance at different values of SNR.

According to the distance between adjacent vehicles, the
strength of the transmitted power is used for the accurate
determination of the surrounding empty distance.

Also, the obtained channel capacity for CNT is higher
than the traditional wireless network as it depends on the
BW which is in the range of THz in our case. In VCNT
model, assume that each point source is omni-direc-
tionally radiation and a network of the randomly distri-
buted n nodes is spread over a circular area, A. Each con-
nection between the adjacent nodes (vehicles) has a de-
termined channel capacity, Cir. Also, there is guard dis-
tance A, which ensure channel transmission do not over-
lap [32]. Then the maximum wireless capacity in the case
of VCNT can be given by:

Cou =8/xCTR/ANY] VA/K (@)

where, JK/ K is the expected nearest-neighbor dis-
tance, the summation denotes the total distance that data
must travel.

Figure 4 shows the relation between the maximum
capacity and radius of circular radiation source at diffe-
rent values of SNR. It is evident to consider the superior-
rity of VCNT capacity over traditional wireless networks
at smaller distance as notices in Figure 4. One can notice
that the total capacity is increased with circular radius as
a result of the number of accessing nodes is increased.
From the theoretical phase, it is due to the summation in
Equation (1), when VCNT includes more nodes, the C.«
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Figure 3. Transmitter-receiver capacity between two vehi-
cles as a function of distance at different values of SNR.
Lower capacity is noticeable at longer distance. Also, more
efficient link capacity can be achieved at higher values of
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Figure 4. The maximum capacity of carbon nanotube net-
work (CNT) with omni-directionally circular source radius
at different values of SNR. For nanotube distance; d = 10 m,
BW=10THz

will be dramatically greater than before. To have a wide
view about the behavior of VCNT, Figures 5 and 6 de-
pict the concept of dependency of maximum capacity
into each of radiation radius; r and the distance between
nanotube transmitter and receiver; d, at two values of
bandwidth. One can recognize that as the distance in-
creased, Cmax will decrease as discussed before in Fig-
ure 3. Also, when BW takes higher values the data rate
will increase which impact dramatically upon the total
maximum capacity.

From the above equations, the distance can be esti-
mated from SNR and capacity (see Figures 5 and 6).
Finally, it is desirable to obtain accurate distance estima-
tion at small space between vehicles and continuously
cover suitable area surrounding it at any instant of time
while it moves. This will direct us to denote more atten-
tion for studying and analyzing the important role of
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Figure 5. The maximum capacity of carbon nanotube net-
work (CNT) with omni-directionally circular source radius
and nanotube distance at different values of SNR when BW
=01THz
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Figure 6. The maximum capacity of carbon nanotube net-
work (CNT) with omni-directionally circular source radius
and nanotube distance at different values of SNR when BW
=10THz.

nano-processor in the future for activating or deactivating
the surrounding nodes at any time and at any speed of
vehicle.

4. Conclusions and Future Directions

In this paper, an integrated nanotechnology model that
can be used to precisely cover and assign the locations in
near distance positions is presented. Moreover, we aimed
to obtain distance estimation within several meters with
an accuracy of several millimeters.

Additionally, the theoretical model for Vehicular Nano
Tube Networks (VCNT) is presented. The aim of this
theoretical phase is to complete the picture that the
nanotechnology system for vehicular positioning can be
exploited to give more accuracy and high performance
with lower cost and power consumption. Future research
direction may include the validation of the model in rea-
listic environment.
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