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INTRODUCTION 
�

Objectives 
�

This Final Career Work pretends to do a research on the actual proposed 
schemes for VANETs. It will study its pros and cons and will come up with the 
best solution based on the impact of these schemes to a concrete application. 
 
During the last time VANETs are creating a lot of expectations on the population 
because of the great range of applications that can be implemented. The goal to 
reach with the VANETs research lies on finding a communication system where 
a convenient, stable and economic distribution of the data exists, either for 
safety or user applications, on high mobile nodes. As explained before, this 
document deals with a concrete user application which allows the user to waste 
the minimum time searching free parking lots in the streets. The application 
makes the rest of the cars that drive through the streets, detect the possible free 
lots and distribute this information, thanks to the VANET, to other potential 
users who are searching free parking lots. 
 
The objectives of this work are:  
 

• Study: There will be given a complete characterization of the current 
situation of the VANETs, from the different type of services to its 
technical specifications offering different points of view in their featuring. 

 
• Analyze: We will analyze the different points of view and propose the 

ones that would fit a concrete application. 
 
• Simulate: With the use of the Moway robots, a simulation will be 

programmed in C language in order to see in real life how the application 
is working. 
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CHAPTER 1. VEHICULAR AD-HOC NETWORKS 
�

1.1 Introduction 
�

This chapter pretends to explain the actual state-of-art for vehicle ad hoc 
networks. First of all, we are going to define what a VANET is. After the 
definition, we will expose the most used way of classifying the applications for 
VANETs, meaning safety and user applications. Following, the different 
technical specifications will be explained. The advantages and disadvantages of 
some proposed solutions by different authors will be analyzed. Finally we will 
give a suggestion regarding the proposed solution, finding out which one would 
fit best to our concrete application. 
 
 
 

1.2 What is a VANET? 
�

In order to understand what a VANET is, we should first introduce the definition 
of a MANET. The mobile ad hoc networks (MANETs) are distributed networks 
where the devices are connected through wireless links. Its topology is very 
dynamic as nodes can move randomly, where every one of them can work as a 
host or a router as there is no infrastructure in the network.  
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Now that we have introduced the concept of MANET, a special type of it is the 
vehicular ad hoc network (VANET). The idea is to provide communication 
between the different road vehicles, where each of them, equipped with a 
VANET device, will be a node of the mobile network. Contrary to a MANET, 
these ad hoc networks have more predictable nodes’ movements due to the 
existing infrastructures (roads, motorways, etc…) and the traffic laws. 
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�

1.3 Applications 
�

According to various authors [1, 2] applications can be classified under two 
different groups. Applications that increase the security on the roads are called 
safety applications and those which are focused on services such as 
entertainment or our free parking lot search application, are called user 
application. 
�

1.3.1 Safety Applications 
�

In this group of applications, the goal is to decrease significantly the number of 
accidents on our roads. Considering that most of the accidents are caused by 
human errors, such as distractions, it seems obvious that being warned before 
would help to avoid them. This kind of applications will be especially useful in: 
 

• Accidents:  We are used to drive at high speeds meaning that a second 
implies usually distances of 20 to 30 meters. Therefore, increasing as 
much as possible the reaction time can be very valuable. Safety 
applications could be useful to warn the drivers of an accident occurred 
further on the same road. Or furthermore, there could be a warning when 
the distance between two vehicles decreases critically, avoiding directly 
the first collision. 

• Intersections: While driving, an intersection is where the driver should be 
more careful as flows of traffic are crossing in the same point. In 2008, 
only in the state of Alabama, 178 fatal accidents occurred in 
intersections, according to the US [25]. Department of Transportation. 
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The number of them would decrease if safety applications could warn the 
drivers of upcoming vehicles. 

• Traffic jams: As a result of the above, the number of traffic jams would 
also decrease. Safety applications could, apart from helping to avoid the 
accidents, choose an alternative routing, preventing that way, road 
congestion. And again, the effect would be drivers less frustrated with the 
traffic jams and therefore, more concentrated, contributing again to avoid 
accidents. 

 

1.3.2 User Applications 
�

The user applications are designed to help the user with valuable information, 
entertainment or advertisement. They are not only addressed to the driver but 
also for the rest of the passengers of the vehicle, who would have access to: 

 
• Internet connection: Nowadays more and more people use to work with 

internet connection. It is becoming a need instead of a luxury, which is 
what it was at its beginning. Using VANETs, this technology could be a 
reality in every car, being useful for work or entertainment.  

• Sharing: For the passengers inside the vehicle, especially for long trips, 
peer-to-peer applications would give entertainment for everyone. Music, 
movies, games, chat, etc... could be shared between the different nodes. 

• Information: Here is where our application is located. Information about 
the status of the traffic jams, the weather, or in our case, of the free 
parking lots, could be shared between the nodes (vehicles). 

�

1.4 Technical Specifications of the VANETs 
�

In the following chapter, the state of art regarding the architecture of VANETs 
will be discussed. We are going to analyze its pros and cons and finally come 
up with a proposal, which would suit our free parking lot searching application. 
 

1.4.1 PHY/MAC layer 
�

In the PHY/MAC layer construction, 3 problems must be tackled.  
 
First of all, the system should offer a robust transmission between nodes 
(vehicles) without losing effectiveness in the shared radio medium. In USA, 75 
MHz in the 5,9GHz band are reserved for VANET’s. In Europe and Japan, the 
reservation for vehicle communications is allocated in the 5,8GHz band, the so-
called RTTT (Road Transport and Traffic Telematic) [3]. 
 
The second problem is that the number of nodes in a VANET can increase or 
decrease critically. For example, if there is an accident, the density of nodes 
increases rapidly. 
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The third potential problem is that the system must ensure a certain level of 
QoS (Quality of Service) in order to provide critical applications a good 
coverage, which is difficult in wireless networks. 

1.4.1.1 Physical layer 
�

The 802.11 standard has been widely used in different experiments with vehicle 
to vehicle communications [11, 12], concretely the 802.11a, b, or g. There is a 
new standard, the IEEE 802.11p, which is also called Wireless Access in 
Vehicular Environments (WAVE) and is nowadays under development. It is 
planned to be an official publication of this new standard on 2010, according to 
the IEEE [34] (fig 1.4). According to Yasser Toor et. al. [2] , its physical layer is 
similar to the IEEE 802.11a. The major difference between both technologies is 
that the physical parameters are doubled in time so that the inter-symbol 
interference caused by Doppler Effect and the multipath decreases. Also, the 
signal’s bandwidth has been reduced from 20 to 10 MHz and the data 
throughput range, from 6 to 54 Mb/s to 3 to 27 Mb/s. By using the multihop 
technique, WAVE has a transmission range between 300 and 1000 meters. 
 
Although there are other projects using other physical layers non-based on the 
IEEE 802.11, such as the European project FleetNet [26], the tendency is to 
finally use a standard IEEE for VANETs. 
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1.4.1.2 Medium sharing 
�

The first of the problems presented before was to have a robust transmission in 
a VANET environment, as it is required by its critical nature. There are two 
options to solve this issue.  
The first solution is using a controlled-access protocol. In these kinds of 
protocols, the access to the medium is known in advance. For instance, in the 
Time Division Multiplexing Access (TDMA) protocol, each node of the network 
has a determined time slot to send the packages. This way, the number of 
collision decreases and the medium is shared effectively.  
 
The second solution is using random access protocols, where a node tries to 
send a package and if the package is lost due to a collision, the node must try 
to send it again. The forerunner of these types of protocols is the Aloha 
protocol, where a packet is sent, and if it is lost due to collision, it is 
retransmitted again after a random time. Later, the Carrier Sense Multiple 
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Access (CSMA) protocol was implemented. The difference is that before 
sending the package into the medium, the node verifies that there are no 
packages being transmitted. 
 
Due to the fact, that the nature of a VANET environment is very dynamic, 
random access protocols are more suitable than controlled-access protocols.  

1.4.1.3 High node density 
�

As a nature of fact, in a VANET, a high density in a node can be reached, for 
instance in traffic jams or accidents, where the number of users increases 
critically. This problem has been studied also in wireless networks where the 
throughput had to be maximized in the access protocols.  
 
In order to reduce the transmission collisions and increase the channel reuse, in 
[5] it has been thought of using Directional MAC (DMAC) protocols. As already 
explained above, in VANETs, the movement of the vehicles/nodes is not 
random but predictable because of the roads and driving rules. For instance, in 
two-way roads, DMAC protocols would be very useful as they would surely 
avoid collision between transmissions of the two different sides of the road. 
Knowing the position of the other vehicles, by using localization techniques that 
will be explained below, is needed in order to decide which antenna will be 
blocked or unblocked. 
�

��
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Represented in the above picture we can see the process of the connection 
start between nodes. We have three nodes, A, B and C. A is located between B 
and C and has them in its transmission range, while B is not in the range of C 
and vice versa. Node A wants to transmit some information to node B. In order 
to prevent collision from node C, node A first sends an omnidirectional RTS (if 
all its antennas are unblocked). When a node receives an RTS, it should block 
its directional antenna pointed to the direction of the received RTS. This way, it 
avoids C to send a new RTS to A, while it is transmitting. After this, the data 
transmission would occur. 
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1.4.1.4 Quality of Service 
�

There is one important aspect that has to be taken in account. When an 
emergency event appears, the number of vehicles that will approximate to the 
accident will increase dramatically, creating a mass of emergency messages if 
they are broadcasted by every vehicle, leading to a collapse in the channel. 
 
In order to solve this problem, there have been two different solutions proposed. 
The first one is to change the number of emergency messages that are going to 
be sent, together with the transmission rate. In [5], the Vehicle Collision 
Warning Communication (VCWC) protocol has been proposed in order to 
control the transmission rate depending on the range of emission, channel 
conditions and the deceleration speed of the vehicle. 
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The second solution [6] is to decrease the transmission range of the vehicles 
together with the increasing number of them. So that if there are few vehicles, 
the range of transmission is very wide, while few minutes later, when the 
number of vehicles increases, the transmission range is very small. 
 
Regarding our searching parking application, the problem would appear when 
the number of existing free parking lots is very high combined with a high 
number of vehicles driving. If this happens, the vehicles would start transmitting 
the coordinates of every free slot. This could lead to a collapse in the system. 
Therefore, in order to control this issue, we would apply the solution [6], so that 
when the number of vehicles increases, the range of their transmission 
decreases. This way, when there is a high quantity of free parking slots and 
driving vehicles, their transmission would not affect the performance of nearby 
VANET’s.  

 
�

�
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1.4.2 Routing 
�

Routing protocols have been researched and developed for MANETs. Although 
some of them might be useful, we have to take into account the following 
differences/characteristics in order to apply them in VANETs: 
 

• VANETs, as explained before, are usually lineal (high speed ways) and 
predictable (due to traffic laws) networks. Moreover, with the each time 
more used GPS location system, the different nodes are not only 
predictable, but known. This information can be used in order to calculate 
the most efficient route. 

 
• As a consequence of the speed of the vehicles, a partition in a network 

may become true, a challenge for the connectivity, and therefore, for the 
routing protocols. 

 
• Thanks to the just mentioned high mobility of the nodes, the performance 

of VANETs can be improved. As shown in [8], mobility increases the 
throughput. 

 
�

User applications do not have a defined routing schema. We do not know if 
these applications will use unicast or multicast routing. Anyway, we will review 
how a routing protocol provides a link between a source and a destination node. 
We will also take a look at the MANETs routing protocols. Geographical routing, 
which uses the help of the localization systems, will be also presented. To 
finalize, the so-called message-ferrying technique will be introduced, which will 
help to connect different partitions of a network. 
 
First of all, routing protocols can be divided into two types, reactive or proactive. 
Reactive protocols search for a valid route when the message has to be 
transmitted, causing a delay before the data can be transmitted. Proactive 
protocols know the correct route before the message has to be sent, 
maintaining a table by sending periodic control messages with the required 
information. Because of that, there is no delay when a message has to be sent. 
�

Safety applications would need the minimum delay when a package has to be 
sent, which would mean using proactive protocols. The problems with these 
kinds of protocols are discussed in [13], where the maintenance cost of the 
table of topology states is far too high in respect with the available bandwidth in 
VANETs. 
�

As stated in the introduction of this chapter, VANETs deal with a high number of 
nodes. To improve as much as possible the routings, geographic protocols have 
been proposed, in order to avoid routings through useless nodes. Each node 
has to know its position, the position of the destination node and the position of 
its neighbor nodes (being at one hop distance from it), eliminating this way, the 
topology sates table that uses most of the bandwidth [13]. This technique 
seems to be useful for VANETs as the vehicles are usually equipped with a 
GPS and may be able to know the position of the nodes that require it. It is 
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being used by the Car2Car Consortium, which is an organization of six 
manufacturers (Audi, BMW, Daimler-Chrysler, Fiat, Renault and Volkswagen), 
towards VANETs development, although no information has been yet revealed.  
 
As pointed out before, VANETs are very dynamic networks where partitions can 
appear due to the high mobility of the vehicles, which causes loss of packets. 
An idea to overcome this problem is to predict the movements of the vehicles, 
and therefore creating message queues until a routing is available. In [9], Wu 
and Harms link this idea together with the proactive protocols. During the data 
transmission, each node has to assure that its connection to the previous and 
next node will be available for a sufficient time. If this is not going to happen, a 
new routing has to be created from the beginning. This implies knowing yours 
and your neighbors’ speed and location, which may be complicated in urban 
environments. 
 
Instead of restarting the routing when the lifetime of the connection between 
nodes is too short, in [10] it has been thought to select the routing according to 
these criteria, so that the source node knows in advance that the connection is 
going to finish successfully. This technique has been called movement 
prediction technique, which has shown great improvement in its performance. 
 
Above all, routing protocols can be divided into two big groups, unicast or 
multicast protocols. These protocols have been studied and proposed for 
MANETS. Usually, multicast protocols are derived from unicast protocols, for 
instance, optimized link state routing (OLSR) or ad hoc on-demand distance 
vector (AODV) developed to Multicast OLSR (MOLSR) and Multicast AODV 
(MAODV). However, these protocols where created for MANETs and not for 
VANETs. As explained above, safety applications need specific routing 
protocols, and not a simple multicast protocol, in order to avoid collisions when 
an accident occurs. Moreover, when the emergency exists, the routing protocol 
should not loose time calculating its route, and that is why we think that a 
proactive protocol would be more suitable for VANETs and more concretely, for 
safety applications, as the delay caused by the reactive protocols cannot be 
afforded. We should bear in mind that part of the bandwidth would be used to 
maintain connectivity between the nodes.  
 
To summarize, there has been a significant number of studies regarding routing 
protocols for VANETs ([8-10]). Aspects like using the mobility to improve the 
connectivity or geographical routing protocols have been recommended in [10, 
14] Although there are still no specific studies about these geographical routing 
protocols, we would bet for them as the C2C-CC is using them. We would finally 
suggest studies about these types of routings together with simulations in order 
to find the most suitable routing protocol, taking in account all the above 
mentioned points, such as proactivity versus reactivity, broadcasting in safety 
applications, geographical routing, etc... 
 
For our concrete application, we need a multicast protocol. When finding a free 
parking lot, the vehicle should communicate its discovery to the rest of the users 
near them and not to another user. In our case, the delay in the transmission is 
not critical, so either a proactive or a reactive protocol can be used. Still, using a 
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proactive protocol means problems with bandwidth and table maintenance as 
stated in [13]. We would suggest an active protocol or a geographical, where 
the positions of the nodes’ one-hop neighbors are known by using the help of a 
localization-based system like GPS. 
 
However, the position of the free parking lot should not be broadcasted through 
big areas, as for the user, it is useful to know where to park in his/her 
neighborhood, near his/her home. This could be controlled by limiting the life of 
every packet or using a geographical protocol. These options are being studied 
below. 
 

1.4.3 Data dissemination  
 
The data dissemination, linked to the routing and MAC protocols, is how the 
information is transported from the source to the destination node in a reliable 
way and a reasonable time. As the requirements may vary between a safety 
and a user application (for example, the delay is critical in safety applications 
while it is not that much relevant for user applications), we will analyze them 
separately. 
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1.4.3.1 Data dissemination for safety applications 
 
In safety applications, as just mentioned above, the delay is very important. The 
information should arrive to the nodes as fast as possible, because of the 
critical nature of it. But, it should just be received by the vehicles that would 
need the information, so, the geographical area of broadcasting should be 
restricted. There are two ways of doing this, either limiting the life of every 
packet (using hop counting schemes) or using the location and speed of the 
neighbor nodes, in order to decide if warning would be needed by the adjacent 
vehicle or not. 
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The first option is proposed by Bronsted and Kristensen in [15] with a 
dissemination protocol that uses hop counting and a sequence number in every 
packet so that vehicles do not duplicate the emission of emergency packets. 
This way, the geographical zone is delimited.  
 
Otherwise, Fracchia proposes in [16], the HELP dissemination protocol (HELLO 
estimated location based procedure). This protocol in included into the second 
option, knowing the geographical position of the neighbor vehicles, it decides 
whether the information becomes relevant for them or not. The information of 
the neighbor’s position and speed is known thanks to the HELLO packets (used 
by routing protocols to establish a neighborhood) that are sent between the 
nodes. The time of the HELLO transmission is also stored for future decisions.  
 
Comparing the two protocols, it seems logic to think that the second option 
provides a more reliable result, but it is also more complex. A study between 
these two techniques would help to decide if the high accuracy of the second 
option is worth. 
�

1.4.3.2 Data dissemination for user applications 
�

Understanding user applications as applications for pure entertainment, the 
partitions in the network due to the high mobility of the vehicles, make the data 
location difficult. Two different solutions have been proposed to cope with this 
issue. 
 
The first solution is to not only restrict the use of the VANET, but instead also 
use other technologies like the cellular connection. Ghandeharizade [17] 
proposes PAVAN (Policy framework for Availability in Vehicular Ad-hoc 
Networks),  uses both of them in order to store information. The user decides 
which file does he/she need and the exchange can be made either through the 
VANET, if the bandwidth permits it, or through the cellular network, where 
copies of the files may exist. 
 
The second solution handles about having an independent system, without help 
of any other network. Repantis and Kalogeraki [18] propose a data 
dissemination protocol for high mobile, random, unstructured P2P networks that 
could be suitable for VANETs. The idea is that each node builds a list of its local 
content data and distributes it to the different neighbor nodes. This way, when a 
node needs something new to its own list of content, it knows if other nodes 
have what it is searching for. They conclude with the fact that the lists of 
contents should be spread around the nodes, so that a selective search of 
source can be done.  
�

Although our application is enclosed in the user applications’ group, we are 
sharing information about free parking slots, and not entertainment content. 
That is why we are focusing our recommendation to the group of protocols 
described in the section 1.4.3.1. 
 



+"LLLLLLLLLLLLLLLLLLLLLLLLL��
������������&	�������5�����5�����3�4
5�������

The data dissemination protocol should limit the geographical area of our 
broadcast message with the free parking lots’ coordinates. From the two above 
presented options, we would recommend to use the HELLO estimated location 
based protocol from Fracchia [16]. It will limit the coverage area of the node that 
finds a free parking slot by knowing its neighbor vehicles’ speed and direction. 
 
Using the other option is not recommended, as there will be zones in a city, 
where the number of vehicles is very high and others where it will be very low. 
Meaning that knowing how many are the number of hops before a message is 
eliminated brings in more complexity. However, it may be useful to use a 
sequence number for every message so that the vehicles do not repeat the 
same information. 
�

1.4.4 TCP/IP Stack 
�

The transport control protocol / internet protocol (TCP/IP) is not thought to work 
with wireless networks. Some recent studies [20, 21] have shown that TCP is 
not suitable for MANETs, hence for VANETs, because it fails at the following 
points: 
 

• In wireless networks, it is very hard to distinguish between congestion 
loss and loss caused by transmission errors. 

 
• As explained, VANETs are high mobile networks, where partitions may 

occur. Therefore, connection loss is a fact that TCP may interpret as 
congestion, which will make the throughput decrease critically.  

 
Different modifications of the TCP have been proposed in order to adapt the 
protocol to the VANETs, such as TCP-F (TCP-failure), TCP-ELFN (TCP-explicit 
link failure notification), ATCP (Ad-hoc TCP) or S-TCP (split-TCP). All of them 
give additional information about end-to-end connection failures, but still remain 
inadequate for VANETs. 
 
Due to the lack of suitable protocols, the CB MANET (controlled based MANET) 
research program from the U.S. Department of Defense, is trying to create a 
new IP  stack for MANETs, hence VANETs. However, the applications for these 
types of networks are not yet defined, and their variations may affect directly to 
the new IP stack. 

1.4.5 Security 
�

Security in VANETs has been widely studied in the last few years. It is a critical 
issue that has to be totally resolved before the VANETs join the market. The 
requirements are user and data authentication, privacy and liability. Satisfying 
these requirements in a high mobile network will be not easy, but is indeed very 
important when human lives depend directly from it.   
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1.4.5.1 Authentication, privacy and liability 
�

Authentication is a critical issue in VANETs. False emergencies or announces 
of a non-existing traffic jam might be introduced. The first case could lead into 
emergency braking of some vehicles, which could cause a real accident. The 
second case would make part of the vehicles move into an alternative way, 
causing a real traffic jam. This issue has been studied for wireless networks, but 
the high mobile nature of VANETs makes the task harder. 
 
Privacy is also a desirable requirement, because the vehicles could be easily 
tracked if the information is not properly protected. As the MAC direction would 
not change, knowing if a person is at work or at home would be simple, 
something that must be avoided. 
 
Liability is the left important requirement in security. It is contrary to privacy but 
if some official organism needs to know the identity of a concrete node, for 
example in an accident, the information must be accessible. Ensuring privacy 
and liability at the same time is difficult and needs to be very well revised in the 
design of the security scheme.  
 
In the case of our free parking searching application, the same requirements 
apply. Authentication is needed in order to avoid the introduction of false free 
parking slots that would collapse the system or completely tarnish its 
functionality. Instead of saving time to park, we would waste more time going to 
the false free slots, and the application would lose its reliability. 
 
The same happens with the privacy requirement, as other users should not 
know which vehicle has parked or which one is sending the information, as the 
tracking of vehicles should be avoided, at least at user level, as it may be 
helpful for the police in order to search for stolen or abandoned vehicles, etc. 
 
One example of the use of the liability by the police would be that with our 
application, they could know which vehicle is parked in a prohibited slot (zebra 
crossing, etc.). Furthermore, they could know which vehicle is parked for many 
days in the same slot, and proceed to its withdrawal. 

1.5 Localization-Based Systems 
�

1.5.1 Introduction 
�

As explained before, VANETs are networks that have a high mobility, and 
therefore, its environment changes very fast. We have to take into account 
these changes, as our application, as well as others, is context-aware. 
 
We have seen above, that knowing the position and speed of other users is 
very helpful for a lot of protocols, making them more accurate. 
 



+CLLLLLLLLLLLLLLLLLLLLLLLLL��
������������&	�������5�����5�����3�4
5�������

In order to make a precise application dependant to the environment, it can take 
advantage of some localization techniques, either one, or a combination of two 
or more. 
 
In this chapter, we are going to discuss the different localization techniques, 
highlighting its advantages and disadvantages, applied to different types of 
applications. Finally, we make our decision and choose which one/s of the 
explained techniques best suits for our application of free parking lot searching. 
 

1.5.2 Location-aware VANET applications 
�

Most of the VANETs applications that are being developed need somehow a 
reference from the environment as they are usually based on real-time facts. 
However, the different applications also require different levels of accuracy 
regarding the localization data. Some of them can work with errors from 10 to 
30 meters, while others require highest errors of 1 meter, for example, security 
distance warnings between vehicles. 
�

1.5.2.1 Applications with different accuracy needs 
�

On the one hand, there are kinds of applications that require a high level of 
accuracy to be useful as they handle with critical safety situations. The driver is 
permanently informed of its environment with high precision (1 meter or less). 
One example of this type of applications is the automatic braking [19] 
application. It needs a high precision as the vehicle calculates the distance from 
it to its immediately in front. If there are errors in the calculation of this distance, 
the vehicles may crash, which is a non-desirable situation. 
�

Others require an intermediate level of accuracy to work properly and are 
usually based on cooperative driving. The distance between nodes (cars) or in 
the road itself is important, and therefore a precision error of 1 to 5 meters is 
acceptable.  
 
On the other hand, applications which deal with information dissemination, such 
as road traffic, accidents, etc. work well with low accuracy in location aspects as 
this handicap is compensated with the long range of the cars’ transmitters.  
 
Our application belongs to the second group as it does not need high levels of 
accuracy. In order to perform correctly, it would be enough with a precision of 1 
to 5 meters in the given coordinates of the free parking lot. This way, the user 
should be able to see the free space in the streets. 
�

�

1.5.3 Location techniques 
�

In this chapter, we are going to discuss the pros and cons of different location 
techniques such as: GPS, map matching, dead reckoning, cellular localization, 
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image/video processing, localization services and the so-called relative 
distributed ad hoc localization. 

1.5.3.1 GPS 
�

GPS, Global Positioning System, is a location technique that uses 24 to 32 
satellites operating in orbit around our planet. They make two rotations a day 
from a distance of approximately 20.000 km to the earth [29]. Their orbit has 
been defined in such a way that in every region of the earth there are at least 
four visible satellites in the sky. 
 
The receiver is able to receive the information being sent from the four satellites 
and process them to compute its position using trilateration and the so-called 
Time of Arrival technique. After analyzing the information, the receiver is able to 
know its latitude, longitude and altitude. If the receiver does only get signal from 
3 satellites, it can make a 2D positioning.  
 
The easiest solution for the localization problem in VANETs is the GPS, as 
these kinds of receivers have become more and more popular in the car 
industry, since it can be easily installed in vehicles and they have an affordable 
price. 
 
The problem with working with GPS, as well as with other satellite-based 
systems, is that these systems are showing some undesired problems such as 
not always being available and therefore, not being robust enough for critical 
applications regarding accuracy in localization.  
 
Although we explained that there will always be four satellites visible, and in 
fact, the number of them varies between four and eleven, the problem is that 
the signal is easily corrupted while being blocked by buildings, trees, electronic 
interference, etc. This becomes a major problem in urban environments due to 
the high number of obstacles. 
 
GPS receivers itself have an accuracy of 10 to 30 meters [30], which is too high 
for most of the VANET’s applications. The positive aspect of this accuracy is 
that the neighbor GPS receivers have more or less the same localization errors. 
In other words, it is a correlated error. Differential GPS (DGPS) was thought to 
eliminate those.  
 
DGPS’s operation is the same as GPS but there is an additional step, which is 
comparing their calculated position with a known physical one [31]. This 
difference will be broadcasted and this way, the other GPS receivers can 
correct their computed positions. With this technique, the localization errors can 
be corrected to sub-meter precision, which will be suitable for most VANET 
applications.   
 
To summarize, normal GPS receivers are usually used for VANET applications 
that do not require high accuracy. On the other hand, DGPS receivers can very 
well be used for more precise applications as the localization error decreases 
significantly.  
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In the next chapters we will show some techniques which can be used together 
with GPS/DGPS in order to improve it and to replace it in locations where GPS 
is not available such as tunnels, etc. 
�

1.5.3.2 Map matching 
�

The map matching technique combines the known digital information of the 
cities and landscape together with the actual position of the vehicle. The result 
is an improvement of the performance of many positioning systems like GPS. It 
is able to estimate a trajectory by obtaining several positions’ changes 
periodically. This way, the possibilities are limited to roads or other places with 
vehicle access, getting a more accurate position.  
�

1.5.3.3 Dead reckoning 
�

Dead reckoning is thought to be a technique that calculates the actual position 
by knowing an old one, called fix. The information of the last known point (fix) 
can be provided from a GPS device with data such as speed, acceleration, 
time, distance and direction, which can be obtained by different sensors placed 
in the vehicle, the technique is able to calculate the current position of it. 
 
The actual problem of this technique is that it accumulates errors easily. As 
explained in the article Vehicular Ad Hoc Networks: A New Challenge for 
Localization-Based Systems [4], in 30 seconds, at a speed of 100km/h, the 
accumulated positioning error will be from 20 to 30 meters. Because of that, it is 
usually combined with GPS in order to backup it in periods of outage, for 
instance, when driving through a tunnel. 

1.5.3.4 Cellular localization 
�

Cellular localization is a technique that takes the advantage of the already 
existing mobile cellular infrastructure to estimate the position of any object.  
A cellular network is based on different base stations covering small areas: 
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Every base station is responsible of the vehicles moving in its coverage area, 
changing to the adjacent base station when the signal received becomes lower 
than the signal another new base station is emitting. This procedure is known 
as handoff. Although the signal is very low, a vehicle can be receiving 
information from more than 2 base stations and therefore, thanks to the 
trilateration technique, its position can be estimated, calculating the time of 
arrival of the signal, or the time difference of arrival to more than one base 
station. Another possibility could be using directive arrays of antenna in the 
base station and due to that, the angle of arrival of the signal can be estimated, 
so more information of the position will be known. 
 
The problem with this kind of technique is that it has localization errors of more 
than 50 meters as it depends on a lot of factors, such as the environment, the 
weather, the speed, etc [32]. It is then, less precise than the GPS. 
 
Its positive aspect is that in indoor environments such as tunnels or parking lots, 
the signal from the base stations is more available as the one coming from the 
satellites. Therefore this technique can be a combined with other techniques in 
order to better estimate the position of the vehicle. 

 

1.5.3.5 Relative distributed ad hoc localization 
 
Relative position maps can be constructed with the information of a group of 
vehicles, exchanging the information between them and spreading the 
information with a multihop communication.  
This technique is commonly used in Ad Hoc networks, and was proposed also 
for VANET’s during the last two years.  
 
In the article [22], a distributed ad hoc localization algorithm is proposed to help 
vehicles unequipped with GPS. To estimate their positions, there had to be at 
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least three vehicles with GPS around, in order to use the trilateration technique, 
explained before. When this requirement was not fulfilled, the author describes 
how, at least, the direction could be estimated. 

 

1.5.3.6 Comparison of techniques 
�

All the before mentioned localization techniques have their pros and cons. As 
far as we have seen, none of this techniques alone would be sufficient to work 
with VANET’s, may be because of accurate positioning matters or because of 
not being always available. 
This is one of the most important problems to be resolved for vehicle ad hoc 
networks, an everywhere, always available, reliable and accurate localization 
system. 
 
It must be everywhere because of the different scenarios where an improvised 
network can take place: tunnels, countryside, city, underground parking, etc... 
 
Therefore it should be always available and because of that, the system should 
not rely on coverage granted by satellites as their signal will be lost when there 
is not direct visibility. Using infrastructure is not a valid option as in places 
without it, there would be no localization system. 
 
In order to ensure the least possible localization error, the system must be 
reliable and accurate, so that critical VANET applications can work 
appropriately with it. 
 
Because of these reasons, according to [4], the best solution is to find a 
compromise between some localization techniques, the so called, data-fusion 
technique, which will be explained below.  
�

1.5.3.7 Data-fusion model 
�

Data-fusion models try to combine different techniques in order to end up with 
more reliable information. This technique has been widely used, for example the 
SAFESPOT [23] calculates not only the position of the vehicle in a VANET, but 
also the lane on which it is driving thanks to the additional information provided 
by a neighbor node.  
 
Data-fusion technique can be used in every stage of a location process using 
Kalman Filters, Particle filters and the Belief Theory. This way, the information 
will be “cleaned” from noises and therefore, more accurate and reliable. 
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With this type of models, VANETs localization would be more precise, getting 
best of all localization techniques. 
 

1.5.3.8 Localization-Based Systems for free parking searching application 
�

For our concrete application, the vehicles should broadcast the coordinates of 
the free parking lots found. Knowing that more and more vehicles are being 
equipped with GPS, the localization-based system that we would suggest for 
this application is the Global Positioning System. Although it may have precision 
errors of various meters, our application does not demand high levels of 
accuracy, as the drivers are the ones that, being helped by the GPS, should 
search for the free parking lot. Furthermore, we know that GPS’ efficiency is 
rather low in tunnels, subways, etc… as the direct view to the satellites may be 
lost. This would not represent a problem for us as the application is thought to 
be working in the street, where the GPS has a good coverage. 
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CHAPTER 2. SEARCHING PARKING APPLICATION 
�

2.1 Introduction 
�

In this chapter, we are going to explain in detail our concrete user application 
simulated by the Moway robots.  

2.2 Importance of the free parking lot search 
�

Studies show that every person living in Madrid (Spain) wastes an average of 
15,7 minutes every day searching for a valid parking slot (information taken 
from ASESGA). If we consider that this is an average, and a lot of people use to 
have parking at home and at their office, the minutes lost by the rest of the 
people will be close to 40 minutes, as you may have experimented.  
Furthermore, the fact of searching for a parking for such a long time, usually 
derives into an aggressive behavior of the driver, which may cause accidents.  
 
Our user application deals with this common issue. The driver will arrive at 
his/her home, push the search parking button, and will start receiving the 
information from near vehicles that are driving through that neighborhood using 
the vehicle ad hoc network. The driver will receive information about the parking 
lots that are near to his/her position, giving him/her the chance to decide and 
park in the nearest free lot to his/her home. The time used for searching for a 
parking lot would be reduced critically.  
 
The information sent by other drivers would contain the length of the parking lot, 
as it is not the same parking a truck or a Smart. It would also contain the 
approximate coordinates of the free parking lot. Additionally, other information 
could be sent, but our application restricts to these data. 
 
 

2.3 Vehicle to Vehicle communication in our application 
�

As briefly explained before, the goal of our application is finding a suitable free 
parking slot in a known area. We are going to explain the steps that the robots 
have to follow in order to achieve their goal.  
 
Following, we can see the movements’ matrix that the robots are following. 
Each case represents one physical parking lot, although, as will be explained 
below, the vehicles do not park correctly inside every slot. The grey colored 
area represents the road and every robot represents a real vehicle, which 
should be equipped with obstacle detection sensors.  
�

�
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The first Moway robot (from now on ‘A’) is the one that is driving through the 
streets without any concrete parking need. It is the one that will collect the 
information for the other robots that are interested in a parking slot in this area. 
It will start in the position 0/0 (x,y) and will continue sampling the street till the 
position 10/0, where it will turn to its right till completing the circuit. Every time 
that ‘A’ finds an empty sample, meaning that there is not an obstacle in the 
parking lot, it will check the available distances of the vehicles (in our case, 3, 
3.5 and 4 meters) in order to see which is the available free space, as explained 
in the above chapter. As the representation is not in a life scale, robot ‘A’ will be 
actually checking for 15, 17.5 and 20 cm’s respectively.  
 
When ‘A’ decides that there is an empty slot that is suitable for the second 
Moway robot (from now on ‘B’), ‘A’ sends an 8 bytes frame using the equipped 
radio frequency module. The RF module (BZI-RF2GH4) is based on 
the nRF24L01 transceiver manufactured by Nordic Semiconductor, which works 
under the Gaussian Frequency-Shift Keying (GFSK) modulation, a typically 
used pulse shaping modulation. 
 

2.3.1 FSK modulation 
�

The FSK (Frequency-Shift Keying) modulation is a circuit which transforms the 
binary data into different frequencies.  
�

�
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The binary data (011011101…) is first transformed into a rectangular signal with 
+1/-1 corresponding to the 0 and 1 bits respectively. This signal enters the 
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Voltage Controlled Oscillator (VCO) and together with a carrier signal, it 
determines a frequency for the +1 voltage and another one to the -1.  

� �

2.3.2 GFSK modulation 
 
In the case of a GFSK modulation, the idea is to set a Gaussian filter before the 
VCO, so that the transitions are smoother. This way, efficiency of the system 
improves [35]. 
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The transmission is being carried out with a multicast protocol, as explained in 
the first chapter of this work. Due to the fact, that we only have two robots, there 
is no special routing needed in our demonstration, but will be useful for the real 
application. As also stated in the first chapter, a geographical protocol would 
limit the area of the free parking answers of robots like ‘A’, which is needed for it 
to work properly.  
 

2.4 Processing of the received data 
�

 
The robot ‘B’ receives the coordinates of the free parking slot. It has to be able 
to distinguish between the different bytes of the frame, localizing the length of 
the parking lot and the coordinates, which are sent in hexadecimal notation. 
There is a process of data conversion in order to group the bytes of every 
coordinate and process the data to calculate the exact position of the parking 
slot. In our case, we are using a simple matrix as show in 	#"/�8/4/)�so that either 
one or another coordinate, X or Y, has value 0. This way, the robot is able to 
know the exact location and drives directly to the free parking slot. 
 
The simulation will finalize when robot ‘B’ parks in the free parking slot, which 
will be explained with the needed code in chapter 4. 
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CHAPTER 3. MOWAY ROBOT 

3.1 Introduction 
�

The robot presented in this work, Moway, started being sold in October 2007 
introduced by Iñigo Sobradillo, a student from the Spanish university of Deusto 
(Bilbao, Spain) [24]. 
 
The Moway robot is a small programmable robot designed to perform different 
applications, from a simple actions to collaborative performance, so it is 
prepared for beginners as well as experts.  
 
This robot is equipped with different sensors together with a drive unit which 
permit it to move in a real environment. The drive unit is connected by a I2C 
communication bus, and together with the sensors to the heart of the robot, a 
microcontroller PIC. 
 
As it incorporates a I2C/SPI bus where a wireless module, different sensors on 
a prototype card or other devices can be connected. In our case, we will use a 
wireless module in order to communicate the robots with each other. 
 
In this chapter we are going to detail the features of the Moway robot and finally 
why have we chosen this robot to prototype the VANET application. 
�

�
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3.2 Technical specifications 
�

In this section we are going to explain every part of the robot so that we can 
understand where its possibilities and limits are. 
 
In Fig.1 we can see a resume of the elements that can be found inside a Moway 
robot. 
�
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3.2.1 Processor 
�

The Moway robots are mastered by a microcontroller PIC16F876A 
manufactured by Microchip Technologies. Every sensor, drive unit, base or 
expansion set is connected to this microcontroller, either with analog or digital 
inputs/outputs or by one of the expansion buses I2C/SPI. Fig 1.2 and 1.3 show 
how these connections are distributed. 
�
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3.2.2 Drive system 
�

The Moway robot uses a servo-motor group for moving through smooth 
surfaces. It is formed by an electronic and a mechanical part. The electronic 
part is the one that is in charge of the speed of the robot while the mechanical 
part permits the robot to move adequately��
�

�
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The Moway’s servo-motor group has different features implemented: 
 

• Speed control: controls the speed of the robot. 
• Time control: controls the time of every operation involving movement 

with 100ms precision. 
• Traveled distance control: controls the distance traveled after the last 

command with 1,7mm of precision. 
• General speedometer: controls the traveled distance from the initial 

command. 
• Angle control: controls the rotation of the robot by angles. 
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The microcontroller sends the information to the drive system which is 
connected with the I2C bus. Doing it like this, the microcontroller remains 
released so that it can continue processing other tasks. 
 
Speed control is carried out by means of proportional control with negative 
feedback from the encoders’ signal. The illustration 3.4 displays the controlling 
system. The microcontroller feeds the motors through an H bridge controlled by 
pulse width modulation (PWM) signals. Wheel rotation is monitored by an 
encoding sticker and an infrared sensor. When the sticker shows its black 
segment, the logical output shall be 1 and when it shows the white sector the 
output shall be 0. The microcontroller analyzes these signals (it can determine 
the exact wheel speed by measuring the pulse width) and acts on the motors. 
This way, the Moway will be able to keep the speed constant on any surface. 
�

�

�
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To make the robot move with certain characteristics we should send a 
command with some parameters. These parameters will indicate speed, 
direction, angle, time and distance. Some libraries have been designed in 
assembly and C languages in order to simplify this instruction. The format of 
these functions will be explained further on. 
 
The following table shows the connection between the PIC and the drive unit. 
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3.2.3 Sensors and indicators 
This chapter deals with the different sensors and indicators that are installed in 
the Moway robot. They are all connected to the microprocessor PIC and is the 
robot’s way to interact with its environment. 
 
# Two line tracking sensors 
# Two obstacle detection sensors 
# One light sensor 
# Different LED’s 
# One expansion connector 
# One free pad 

�
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3.2.3.1 Line tracking sensors 
�

The robot is equipped with two Kingbright KTIR0711S line tracking sensors. 
They are reflection optocouplers [27] mounted in the front part of the robot, 
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obviously pointing at the ground. They use infrared light to know if the robot is 
over a dark or clear surface. It even can distinguish between different tones. 
 
They are both connected to the same microcontroller analogue ports of the PIC 
as follows: 
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These are the three possible scenarios that may occur:  
 
1. Clear surface: An ideal white surface would reflect the entire incident light 
and therefore we would obtain a very low voltage in transistor’s output when 
running in regular mode. 

�
�
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2. Colored surface: A colored surface would reflect partially the incident light 
and therefore we obtain an intermediate voltage in transistor’s output. 
�

�
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3. Black surface: A black or dark surface would reflect none of the incident light 
and therefore we would obtain a very high voltage in transistor’s output. 

�

�
�
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3.2.3.2 Obstacle detection sensors 
�

There are mounted in the front of the robot two obstacle detection sensors 
which consist of two infrared emitting-light sensor (Kingbright KPA3010-F3C) 
and one receiver (Sharp PT100F0MP). They are placed behind of a filter which 
isolates the receiver from the possible infrared light existing in the environment 
of the robot. 
 
Its operation is similar to the line-tracking sensor. The light emitters generate a 
70�s pulse which is captured by the receiver if it is reflected by some obstacle. 
The maximum distance where an obstacle is detected is 3 cm. 
Once the signal is processed electronically the PIC can measure it either in 
terms of digital or analogue values. 
�

�
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3.2.3.3 Other gadgets 
�

There are also other sensors and indicators mounted in the Moway robot. We 
are not going to enter in its detail as they are not a key part of our project. For 
instance, we can also find a light detector, some leds, an expansion connector 
and a free pad. They are all connected to the microcontroller, as the governing 
part of the robot. 
�

3.2.4 Radiofrequency module 
�

The radio communication module BZI-RF2GH4 is based on nRF24L01 
transceiver manufactured by Nordic Semiconductor. In this integrated circuit, 
there is the necessary logic to communicate wireless. The communication with 
the microcontroller is done via an SPI bus. 
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The main features of the BZI-RF2GH4 module are:�
# Low consume�
# Working frequency of 2.4GHz�
# Emitting power between -18 and 0 dBm�
# Transmission speed between 1 and 2 Mbps�
# 128 channels selectable by the SPI bus�

�

The BZI-RF2GH4 module incorporates the entire electronic to work properly 
and a microstrip antenna which impedance is adapted. 
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Although we have said that there are 128 channels, to avoid interference 
between them, a good idea is to leave 2 unused channels from one channel to 
another, so that there are 32 useful channels. We should also be aware that 
other technologies are working in the same ISM band (bluetooth, wifi, etc...) and 
may interfere with our transmission. 
�

� �
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3.3 Why Moway? 
�

There are, of course, more alternatives to the Moway robots, but we decided to 
use them because of the compacted form of them, which makes them more 
portable, and because of the price. Indeed, for our application, we need a robot 
that has: 
 

• Engine to move and turn around: The robots have to be able to move 
through the streets. 

• Obstacle detection sensors: The robots should be able to detect the free 
parking lots using an obstacle detection sensor.  

• Radio Frequency module: It should be able to communicate with other 
robots in order to send the coordinates of the possible free parking slots. 

 
The Bioloid robots were an alternative to the Moway robots as they can be 
equipped with the above mentioned requirements. Bioloid is a modular robot 
which can be mounted differently: humanoids, vehicle, etc…   
 
�



B"LLLLLLLLLLLLLLLLLLLLLLLLL��
������������&	�������5�����5�����3�4
5�������

�
�

	#"/�A/48�M������	�M�������	�K���

�

We should mount two different robots with an AX-12 module, where the infrared 
sensors are. In order to communicate with other Bioloid robots, the radio 
frequency module has to be equipped (on sale separately from the beginner kit) 
ZIG-100. 
�

�
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We did finally decide on Moway as its design is more compact and simple, and 
its price is half as Bioloid robot. However, the possibilities with Bioloid are 
greater as different forms could be set up, but this is not a need for our 
application. 
�
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CHAPTER 4. SIMULATION PROGRAM 
�

�

4.1 Introduction 
 

In this chapter, we will take a close look to the CCS Pic compiler which is the 
one that has been used to program the robots. After that, we will enter into the 
detail program, its code, where default and custom functions will be detailed. 
We will end up with the results of the simulation. 
 

 

4.2 CCS Pic compiler 
�

Custom Computer System (CCS) is a company specialized in embedded 
hardware and software. They have development tools for different Microchip 
MCUs or DSCs. The PIC managing the Moway robot is the PIC16F876A, which 
is a 14 bits microcontroller, included into the list of PICs that the CCS IDE 
(Integrated Development Environment) can work with. We have used the so-
called PCW IDE, as CCS offers different IDEs depending on the requirements 
of the user (number of bits of the microcontroller, additional functionality, etc...). 
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CCS compiles use an old version of the C language, the K&R language, which 
was written by Brian Kernighan and Dennis Ritchie in 1978. The following 
editions of the book called “The C Programming Language” covered the ANSI 
C. As an example, in K&R C, an int is an 8 bits unsigned integer, while in ANSI 
C an int is defined with 16 bits. As we are going to see below, this difference 
became a problem when changing the hexadecimal values to integers. 
 
 
 

4.3 Program structure 

4.3.1 Moways default functions 
�

When buying the Moway robots, a CD is included in the case with the manual, 
example files, and what is more important, library files where some functions 
are already implemented in order to control the robot. With these functions we 
can control the robot’s movement and sensors. Apart from these ones, other 
functions had to be created to get the application run as designed. 
 
Following, some default and custom functions will be described. 

4.3.2 SEN_OBS_DIG 
 
The function int SEN_OBS_DIG is the one in charge of reading the sensors’ 
values. This function indicates if the obstacle is situated on the front right side or 
on the front left side of the robot. Hereby we can see a table with the output 
variables and the function return. 
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To get the results correctly, the procedure follows these steps: 
 

• Check that there is no noise interfering in the infrared receivers before 
sending the infrared light pulse. 

 
 
 
 
 

   if (input(IR_RX_R)!=0 || input(IR_RX_L)!=0){ 
   SEN_OBS_R=0; 
   SEN_OBS_L=0; 
   return (0); 
   } 
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• Emitting the infrared light pulse, which will be reflected back if there is 
any obstacle on its way. the returning signal will be captured by the 
infrared receiver. 

 
 
 
 
 

• Check for the possible returning signals in the infrared receivers and 
copy them in the output variables of the function. 

 
 
 
 
 
 

• Switch off the infrared light beam. 
 
 
 
 

• Check for remaining interfering signals in the infrared receivers. 
 
 
 
 
 
 
 
 

• If everything worked fine and there are no remaining interference in the 
receivers, the function returns a ‘1’ value, as shown on the above table. 

 
 
  
 
We have to remember that these sensors are located in the front of the vehicle, 
but in our application, the robot drives parallel to the parking lots, so it has to 
turn around after a known distance. This will be reviewed below. 

4.4 Scenarios 
�

We will characterize different scenarios, each time closer to the reality in our 
streets. Nevertheless we will be assuming that all free slots will be a parking lot, 
so that we do not distinguish between a ford, a zebra crossing or a loading and 
unloading zone. 
�

output_high(IR_TX); 

   SEN_OBS_R=input(IR_RX_R); 
   SEN_OBS_L=input(IR_RX_L); 

output_low(IR_TX); 

if (input(IR_RX_R)!=0 || input(IR_RX_L)!=0){ 
   SEN_OBS_R=0; 
   SEN_OBS_L=0; 
   Delay_us(1500); 
   return (0); 
   } 

return (1); 
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4.4.1 Scenario 1 
�

The first scenario studies a simple case, which we are not likely to find 
anywhere. The vehicles have all the same length (4 meters) and they do park 
correctly inside the parking lot, which we consider 4 meters in all scenarios.  
�
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In this concrete case, considering that the robot moves from the starting point, 
two meters across the street, it would be enough with sampling every four 
meters, so that if one of those samples is an empty space, we can assure that a 
car of four meters or less can be parked in the slot.  
�

4.4.2 Scenario 2 
�

The second scenario considers the fact that our automotive fleet has different 
lengths in its vehicles. We will work with three different sizes in order to simplify 
the problem (4, 3.5 and 3 meters respectively). The different vehicles park 
correctly inside the free slot. 
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The robot could do the same as in scenario 1, because the vehicles are parked 
correctly inside their parking slot. So, moving 2 meters from the starting point 
and sampling every 4 meters, will be enough. When a free slot is found, we can 
assure that all 3 sizes of the vehicles can be parked in it, as its length will be 4 
meters. 
�

4.4.3 Scenario 3 
�

The third scenario adds another complication that is closer to reality. The 
vehicles do not park correctly inside their parking lot. They may be taking up 
part of the space from the next or previous slot. 
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The robot should turn around to get a sample every meter. If it finds a free 
space, it should move the minimum distance of a car, which is in our case 3 
meters in order to see if there is still a free space. If so, we can assure that a 
car of 3 meters fits in the slot. After that, we should move 0,5 meters to check 
the next car size, which is 3,5 meters and lastly 0,5 meters more to see if 4 
meter cars can park in the slot. 
 
This is the case that we are reproducing and we will see how our custom 
functions handle this issue.�
 

4.5.3 Custom functions 
�

In order to achieve our goal, functions created by ourselves will help to have a 
cleaner and more structured view of the code. Following, we are going to 
present some functions, such as the searching parking function, the data 
conversion or the parking function. 

 

4.5.3.1 Searching parking function 
�

�

�
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�

�

�

�

void searching_parking (int encontrado){ 
 
      if (encontrado==1)  // if there was an empty slot 
     { 
      MOT_RST(RST_KM);  // reset the distance counter  
      MOT_STR(50,FWD,DISTANCE,88);  // move straight 3 meters 
      while (!input(MOT_END)){} 
      MOT_FDBCK(STATUS_KM); // save distance data 
     } 
     else if (encontrado==2) // 3 meter empty space. Checking for 0,5 meters more. 
     { 
      MOT_RST(RST_KM); // reset the distance counter 
      MOT_STR(50,FWD,DISTANCE,15); // move straight 0,5 meters 
      while (!input(MOT_END)){} 
      MOT_FDBCK(STATUS_KM); // save distance data 
     } 
      else if (encontrado>=3) // 3,5 meter empty space. Checking for 0,5 meters more 
     { 
      MOT_RST(RST_KM);  
      MOT_STR(50,FWD,DISTANCE,15); // move straight 0,5 meters 
      while (!input(MOT_END)){} 
      MOT_FDBCK(STATUS_KM); // save distance data 
     } 
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4.5.3.2 Data conversion 
�

A data conversion function had to be made in order to calculate the coordinates 
of the free parking slot. The function MOT_FDBCK(STATUS_KM) returns the 
value of the distance traveled by the engine from the last command. This 
information is stored, separated into two bytes, in the variables 
MOT_STATUS_DATA_0 and MOT_STATUS_DATA_1.  
�

�

      else   //there is an obstacle 
     { 
      MOT_RST(RST_KM); // reset the distance counter 
      MOT_STR(50,FWD,DISTANCE,29);  // moves straight 1 meter 
      while (!input(MOT_END)){} 
      MOT_FDBCK(STATUS_KM); // save distance data 
     }} 
 
         /************************ later in the main code ***************************/ 
 
      MOT_ROT(100,FWD,CENTER,LEFT,ANGLE,25); // turns 90º to the left 
      while (!input(MOT_END)){} 
      delay_ms(500); 
       
      SEN_OBS_DIG();  // checks the obstacle detection sensors 
 
      if (SEN_OBS_L> senObsMin || SEN_OBS_R> senObsMin) //there is an 
obstacle 
     { 
      MOT_STOP(); 
      delay_ms(2000); 
      encontrado=0; 
     } 
      else  //there is no obstacle  
     {      
      MOT_STOP(); 
      delay_ms(2000); 
      encontrado++; 
     } 
       
      MOT_ROT(100,FWD,CENTER,RIGHT,ANGLE,25); //turns 90º to the right 
      while (!input(MOT_END)){} 
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As we can see below, in order to manage this kind of data, some conversions 
where needed.  
�
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Int data_conversion(int x0, int x1){ 
 
        // x0=MOT_STATUS_DATA_0; 
        // x1=MOT_STATUS_DATA_1; 
          
         //we transform the hexadecimal bytes in char with hexadecimal positions 
         sprintf (x0_c, "%x", x0); 
         sprintf (x1_c, "%x", x1); 
          
         //concatenate both strings to obtain an hexadecimal string, e.g .0xAF15 
         strcat (x1_c, x0_c); 
          
         //we transform the result into an int16 integer 
         res_x=strtol (x1_c,final,16); 
          
         //we add the value to the before  
         resultado_x=resultado_x+res_x; 
  
         //we return the result of the sum 
         return (resultado_x); 
 
         } 
 
         /************************ later in the main code ***************************/ 
 
         //we transform the value back to a string 
         sprintf (xtot_c, "%lx", resultado_x); 
 
         //we separate the string 
         x1_tot_c[0]=xtot_c[0];   
         x1_tot_c[1]=xtot_c[1];   
         x0_tot_c[0]=xtot_c[2];   
         x0_tot_c[1]=xtot_c[3];   
�

��������//we convert to hexadecimal int    
         x1_tot=strtol(x1_tot_c,final,16); 
         x0_tot=strtol(x0_tot_c,final,16); 
�

       /******************************************************************************/�
�
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4.5.3.3 Parking function 
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4.6 Limitations 
�

 
One of the important aspects to be commented in this chapter is the different 
simulation’s limitations that we are facing.  
 
First of all, as explained in the second and third chapter, the Moway robots are 
indeed equipped with obstacle sensors, but these are placed in the front of the 
robot. This means, that the robot has to turn around to check if there is a vehicle 
in the parking slot lot or not. In real life, the vehicles should be equipped with 
these kinds of sensors, but situated on the sides of the vehicle, so that the free 
parking lots can be detected while driving through the streets.  
 
There is also an important limitation of the simulation regarding the MCU 
PIC16F876A. We have to take into consideration that there is a limit of bytes in 
the memory of the microcontroller, meaning 368 bytes of RAM (random access 
memory) and 256 bytes of EEPROM (Electrically Erasable Programmable Read 
Only Memory). In the simulation of our application, we did only focus on the left 
side of the road using already an 80% of the RAM memory and a 40% of the 
EEPROM memory. Because of that, it was not possible to program the Moway 
robots for a both sides of the road parking search. 
 
 
 
 
 

�

void aparcar_izquierda() 
{ 
 
   MOT_CUR(50, BACK, 35, RIGHT, DISTANCE, 70); 
   delay_ms(1000); 
    
   MOT_CUR(50, BACK, 43, LEFT, DISTANCE, 255); 
   delay_ms(1000); 
    
   MOT_STR(80, FWD, TIME, 5); 
   delay_ms(1500); 
 
   LED_TOP_GREEN_ON_OFF(); 
} 
�
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As mentioned in chapter 2, this simulation of the application is not able to 
distinguish a potential free parking slot from a zebra crossing, for instance. This 
has been thought to be like this as it was needed to simplify the prototype and 
save memory for the microcontroller. 
 
We have also faced problems with a mechanical limitation. As the wheels of the 
robots are not perfectly rounded, the robots tend to bend to either one or 
another side while they are performing straight movements. This leads to a 
need of a manual correction while the simulation with the robots is running. 
�

4.7 Results of the simulation 
�

Despite the limitations that the robots are suffering, the application is able to run 
successfully. The idea of the simulation was showing that the first Moway robot 
is able to find the free parking slots, transmit the information to the second 
Moway robot, which should be able to receive it. Additionally, we have managed 
to translate the received information with the second robot, knowing the length 
of the parking lot and the exact coordinates. This robot is able to go to the 
position of the free parking slot and park in it successfully. 
 
�

�
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CHAPTER 5. CONCLUSIONS 

5.1 Introduction 
�

In this chapter we are going to expose the conclusions obtained after the 
research done on the Vehicular Ad Hoc Networks and its application for a 
concrete goal, searching for free parking slots.  
 

5.2 Conclusions 
�

In this final work, different aspects of the vehicular ad hoc networks have been 
studied and specified to our concrete searching parking application. Summing 
up the first chapter, we can confirm that an enormous research is being done 
with this kind of networks as they will lead to a more comfortable and secure 
driving. The safety applications will help to decrease the number of accidents in 
our roads, while the user application will contribute to save up time and make 
the journeys more comfortable. 
 
The comparison of the different proposals for the VANETs specifications have 
shown that this issue is in some cases still open, for example the safety in this 
kind of networks, where more study and simulation would be very useful. On the 
other hand, in other cases like the physical layer, it is practically decided: the 
Wireless Access in Vehicular Environment (WAVE).  
 
We have discussed the advantages and shortcomings of each aspect of the 
VANETs specifying which one of the proposed solutions would fit best for our 
concrete searching parking application. This was also done with the 
localization-based techniques, as depending of the application, the accuracy 
needs are different. In our case, it could be useful to have a combination of the 
Global Positioning System (GPS) together with a specific map of the city, so 
that the application could distinguish between possible parking places or zebra 
crossings, etc.  
 
To sum up, this work has studied the state-of-the-art of the VANETs, focusing 
the technical specifications to an own ideated application for parking search. 

5.3 Future research lines 
�

Although there have been given the guidelines of the parking searching 
application, there are some aspects that should be studied in order to scale it to 
real life, as there have been limitations regarding the simulation. 
 
When a vehicle finds a free parking lot while driving through a street, it 
broadcasts the information to the neighbor vehicles. There may be vehicles 
which are not interested in a parking lot but could take the role of the so called 
dumb nodes. These nodes have the functionality to repeat the message, 
without processing it. This could be helpful for other nearby vehicles that need 
to park in the same area.  
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However, we have to be careful with this, as a collapse of the system may 
easily occur. First of all, we have to delimit the number of repeating messages 
and its area. Furthermore, a way to communicate to the upcoming vehicles that 
the parking has been occupied is highly required. If three cars are moving to the 
same parking place, the first one should communicate to the rest that it is going 
to park in that place and therefore, the other vehicles should keep on searching 
for other parking lots. This way, we would also avoid collapses in the streets 
and vehicles wasting time and polluting unnecessarily.  
 
Another important aspect to mention is the available bandwidth for this 
application. We have to bear in mind that the safety applications together with 
the intra-vehicle messages (routing, etc.) will require an important part of the 
bandwidth.  
 
Regarding the vehicle ad hoc networks, further studies need to be done, 
specially with simulations and real life prototypes in order to come up with the 
best solution for this type of networks, which will be in the near future, part of 
everyone’s life.  
�

5.4 Environmentalization study 
 
Talking about vehicular ad hoc networks implies talking about vehicles. We 
have to consider that the fact that makes the number of vehicles rise is not the 
ad hoc networks. When the production and sell of ecological vehicles increases 
in the automotive fleet, the impact of VANETs will be very low, regarding 
contamination. 
 
Furthermore, in our concrete application, searching a free parking lot in 5 
minutes will produce less CO2 into the atmosphere than searching it manually.  
 
It is true, that the CO2 is not the only type of contamination. The radiofrequency 
contamination exists and is a fact. However, nowadays there is no study that 
can demonstrate a real danger to human beings. 
 
Concluding, VANETs will help to reduce the levels of contamination, as it will 
help reducing the traffic jams, for instance preventing from a near accident, the 
vehicles can take another path so that there is no collapse in the road. 
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