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Summary

W

hile the amount of cars is increasing, the need for parking places
is doing the same. But building
more parking places is one, ﬁnding them
for the driver is something else. Nowadays
the solution for guiding people to a parking place is by using sings along the road,
sometimes these signs are equipped with
a display which shows the number of free
places. Cars equipped with a navigation
system can also guide drivers to a parking
garage. But the problem by those systems
is that if the user leaves home, he never
knows where to ﬁnd a free parking place.
The signs only guide them along all parking
places, and not directly to the one which
is in the neighbourhood of its destination
and has free parking places. The driver has
to search on his own to ﬁnd a free parking
place which sufﬁce all his demands. Even
the existing navigation products can guide
the driver only to an existing parking garage, without knowing if their will be any
free places left.
The solution which is explained in this report
is by using the existing navigation product
to guide the people to a free parking place,
this prevents getting even more signs along
the road, and makes is possible to provide
personal information to every driver. The
navigation system must thereby have information about which places are free; this is
done by using the communication possibilities of a mobile phone. The latest navigation products are also capable of function
as a hands-free kit, and are thereby already
connected to the mobile phone. Using that
phone to request information about which
place is free requires a central server where
it can connect to.
This server keeps up a database with all
parking places and their status. The informa-

tion to know which parking place is available is provided by the parking garages and
with use of a new system which can identify
the status of a parking place on an efﬁcient
way. The system consist of a brick with the
same size of bricks used to make the parking places, which is equipped with all the
electronics to recognize if a car is standing
above it, process that information, send it to
the central server and provide his own power by using solar cells. This brick can easily be
places by removing an old one and putting
the new one in, no further adjustments are
needed for the parking place.
This system will guide the driver from their
departure point till the nearest free parking
place at their destination which ﬁts the demands of the user. This system will prevent
long search times, irritation, inefﬁcient use
of space, low trafﬁc ﬂow and unneeded
production of exhaust gasses. The system is
aimed at integration within the next years,
and will be payable for driver to use.

© Imagebank

Is the trafﬁc jam moving towards the
parking area?
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1. Introduction

© Roy Damgrave

1. Introduction

D

espite of all the available options for
automobiles, it’s still a problem ﬁnding a free parking place in a busy
city or in an unknown area. Parking the car
causes more and more irritation because of
the rising amount of cars and lack of overview about available parking places. The
consequences of that go so far that people
avoid places were they expect it can be
busy. The search for a free parking place
also causes small accidents, slow trafﬁc
ﬂow, unnecessary pollution, too long search
times, inefﬁcient use of space and it reduces the attraction of the surrounding shops.
Therefore this project is originated; to ﬁnd
a solution which guides people from their
departure point till their destination point,
without distracting the driver from driving
the car.

this project it was the challenge to combine
the opinions off all those parties, and keep
them all satisﬁed with the ﬁnal outcome. The
requirements which are set from the outcomes of the research are the ‘back bone’
through the project, the concept is continually checked on those requirements.
This report will explain the ﬁnal product
which came from the project. It explains the
choices made, how the different aspects
of the product work, how the user responds
to the product and how it could be implemented in the contemporary society. The
research phase of the project is described
in the interim report, and will therefore not
be mentioned here.
I hope that after reading this report you will
be such as enthusiastic as I am about the
project and ﬁnal product.

Guiding people to their destination is nowadays a hot issue in the automotive industry.
But why does every existing navigation system guide the driver to the destination of
the person, and not the destination of the
car? The car has to be parked somewhere,
and ﬁnding a free parking place can be a
problem in a city; even if somebody uses a
navigation system. This project is also aimed
at minimizing the needs of additional devices or electronics into cars, because people
get confused when they have to operate a
large amount of devices at the same time.
Therefore the basic thought in the ﬁnal concept is to use the existing navigation system
which is more and more integrated in cars,
or bought separately by the driver.

Roy Damgrave, 2005

The project isn’t only focused on the demands of the user, the demands of the
manufacturer, exploiter and other stakeholders has also been taken into account. In
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2. Concept Explanation
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2.1 Program of Demands

T

hese demands are set during the research phase. The demands are divided into multiple categories to clarify the stakeholders involved. During the design and implementation phase these aspects helped focusing and checking the concept, they were the
base for the concept and were the checkpoint to see if the product will fulﬁl the goal of
the project. Further on in the report will be an overview about the way the demands are
taken into account, and scattered throughout the report will be linked back to the following requirements (which are numbered from R1 till R10) when one is treated in a paragraph.
User demands
-R1
Correct advice / error-free
People will ignore or not use the system if it fails too often, the system has to be
reliable for the user
-R2
Clear understanding
No special (technical) skills should be needed to use the system. If people feel
afraid to use it, because it looks to difﬁcult they wont use it.
-R3
Cheap / Free
Park a car in the city centre is already quite expensive. Therefore most people
don’t want to pay (a lot) more for that
Legally demands
-R4
Shouldn’t distract the driver
If the driver is distracted by the product one mayor issue, safety, isn’t solved. Safety
is one of the most important things while driving and that shouldn’t be forgotten.
-R5
Fit in the environment
It’s nearly impossible to place any more screens and signs in the cities. The streets
and there surroundings are already covered by them. And the system shouldn’t be
too eye-catching because it must ﬁt in every type of city (old and new)
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Manufacturer demands
-R6
Cheap
No company will produce the product if it’s too expensive. There must be a de
mand for it from the clients, otherwise no development costs will be injected
-R7
Less maintenance
If the system is out on the street it will be difﬁcult and expensive if maintenance is
needed every month. The solution should work with minimum contact with people,
because people are expensive.
-R8
Flexible to integrate
It’s more interesting for a company to produce a product which is easy to
integrate in all different kind of cities and parking areas, than a product which
should be adjusted every time. The market will grow then and the costs will
decrease.
Other demands (municipality, technically etc.)
-R9
Strong (prevent robbery and vandalism)
It’s likely that the solution will be in a public area, therefore it will be exposed to all
the effects of weather, vandalism, wear, etc.
Save (not able to cause personal injuries)
R10
Another consequence of placing the system in a public area is that is must
be safe. It should be nearly impossible to cause any personal injuries. And the
system shouldn’t damage the car.
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2.2 Concept explanation

U

sing existing technology to make the
solution payable, simple to understand and easier to integrate in the
existing infrastructure; that is the main idea
behind the concept. This concept is aimed
at integrating a parking guide system in a
complete country, or even bigger; a complete country or continent. The concept
should be easy to implement in the next
years, so use of existing technology can
help make it affordable and available within a couple of years. It must also be able to
use the solution on existing parking places
and garages, it’s not an option to let the
system only work in new places or garages
because that will take at least ﬁfty years to
integrate.
The concept is based on the existing car
navigation products. These products can
guide people from any departure till destination, but the destination isn’t the destination for the car but for the driver. So why
don’t they guide people to free parking
places? Because most of the time that is
the destination for the car. There is only one
type of information missing to achieve that
goal, and that is an overview about free
and occupied parking places.
The main part of this system for recognizing free parking places is a brick. The brick
is ﬁlled with all the necessarily hardware
to detect whether there’s a car standing
above it and is capable of sending that information (wireless) to a central server. This
brick can be placed in stead of a normal
brick, in the middle of a parking place. After placing it, it will work immediately and
will detect if a car is standing on that parking place. Therefore it’s easy to integrate
this system in a busy city where there is no

place for adding extra items near the parking places.
The information from all these bricks will be
send using a GPRS connection. A central
computer will keep a database with all
available parking places and their locations.
A driver can ask for a free place using the
car navigation system, if he/she enters a
destination on that device an extra option
will be added which asks if it should search
for the nearest free parking place. If the
driver wants to park the car, the system will
search in the central server for a free place
in the neighbourhood of the destination
which ﬁts the demands of the user. The car
navigation will advice the driver how to get
there as fast as possible, on the same way it
normally works when advising the driver. The
parking place provided to the user is based
on personal requirements from the driver;
these settings are made by ﬁrst time use of
the system. The advantage of this system is
that the information provided is personal;
ever body who asks for a free parking place
will get a personal advice. The navigation
system is in contact with the central server,
and will get a notiﬁcation when things have
changed, so if the free parking place is suddenly occupied the system will automatically search for a new one and adjust the
advice to that.
It’s not possible to guide cars using their
navigation system inside parking garages
because the GPS signal is low, the cars are
changing directions very often, the streets
are very narrow, there is a lot of change in
altitude, and the navigation system has to
give too many advices after each other
which isn’t good for the clarity of the advice. Therefore another system will take
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navigation over when the car enters the
parking facility. In a parking facility the road
marks will be dynamic; the driver has to follow the road marks to get to a free parking
place. These marks are made of led-lights
and will only brighten the road the driver
should follow; therefore the driver isn’t distracted because he has to search for a free
parking place. Although the main focus of
the project lays in the advice system outside parking garages, the aspect of guiding people inside garages is also taken into
account, to make the concept complete.
This means that the part of the concept of
guiding cars to a garage is further worked
out than the part inside a garage. Therefore
the concept is split in two parts: indoor and
outdoor.
The concept explained is also capable of
offering more functions. The system can be
used in combination with payment or reservation systems. These additional functions
can easily be integrated in the system to
make it even more interesting to implement
it in existing parking areas.
All these aspects are further explained in
the following chapters and in a scenario in
paragraph 2.7.

© Roy Damgrave
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2.3 Functions

W

ritten below is an overview about the main functions of the system, and the additional functions which can be added to make the system even more attractive to
use. The functions are explained short here, more information about the working of
them is found in the following chapters of the report.
-

-

-

-

Guide people from their point of departure till their destination
This is the main function of the system. In contrast with existing advice systems this
system will guide the people from their departure till their destination including parking the car. Existing navigation products take you to the entered destination and
don’t take into account the fact that the car should be parked somewhere. This system takes you to the place were you should be: a free parking place for your car.
Advice drivers without distraction them
The way of giving advice to the driver is very important in this product. A big problem with the contemporary parking problem is that the drivers are searching for a
free parking place, and are paying less attention to the driving itself. This causes a lot
of accidents, aggression and irritation. The advice system used in the product gives
advice on a friendly way, without distracting or obligating the driver.
Adjust advice to the demands of the driver
User can reject parking places and look for the next one. Every driver has his own
preferable parking place, and his own opinion about what is the best place to park.
In this system the provided parking place is based on the requirements the user has
set. By ﬁrst time use the user has to choose what kind of parking place is most preferable. The user can choose between cheap and large distance or expensive and
nearby. Other options are; ignore parking places in garages, ignore street parking,
only secured places, places especially for handicapped persons. After the system
has chosen a suitable parking place the user can conﬁrm that place or let the system search for another way, just as long till it has found a suitable parking place.
Direct information to the driver how long it will take before he has parked the car
The navigation system can tell the driver exactly how long it will take before he has
parked his car. That means that it’s not necessary to calculate ﬁfteen minutes extra
driving time. Providing correct and useful information is a new demand which users
expect nowadays. People want more and more information, and don’t like to be
insecure about what is going to happen.
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Additional functions
Recognize busy places and times and adjust advice to that
The central server knows were it is busy because all parking places are occupied,
but the server also knows the destination of the cars, and can thereby predict were
it is going to be busy. This way it should be possible to spread the trafﬁc ﬂow in a city
by guiding some drivers along another road to their destination, and by using that
method using the infrastructure of a city better. Another thing is that people won’t
leave home when they know that they can’t park their car, and that saves a lot of
cars in the city which can’t ﬁnd a parking place. The longer the system is running the
better it’s capable of predicting the places were it’s going to be busy, because the
system can detect an order in the ﬂow.
Possible to reserve parking place to be sure of a good place
An option for the driver can be to reserve a parking place when he is leaving home,
this way the driver knows exactly which place is free for him. Off course the parking
fee will start at the moment the parking place is reserved.
Pay automatically once per month
If the central server knows were the car is searching for a parking place, it can also
be possible to use that system for calculating how long a car has parked on the
dedicated parking place. With that information the payment of a parking place
can be done automatically once per period, without paying every time the driver
parks. Off course the user should ﬁrst agree with the fact that his parking time and
location will be stored. This service is a good addition to the product, because the
driver only pays for exactly the time he has parked, and it’s not necessary to take
coins with you for the parking machine.
View parking information on the internet
The information about free parking places is stored in the central server which keeps
an overview about the available places with coordinates. That system can be combined with a map of a country, which can be put online so that everybody can see
how busy it is at the moment. This way people don’t have to leave home or go to
the car to see if they can park their car, and they can adjust their departure time
according to the information about free parking places.
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2.4 Central Server

A

central part of the system is the server which keeps an overview about the status
of the parking places. This server is accessible by all the navigation system with the
parking advice system. All parking places which are integrated in the system are
also in that database; they are speciﬁed by the following options:
-

Coordinates
Garage parking
Street parking
Secured parking area
Parking place for handicapped persons
Status

yes / no
yes / no
yes / no
yes / no
free / offered / reserved / occupied

With this information a navigation system is capable of selecting the appropriate parking
place for the driver. The server will receive and send the information about free places
from parking garages and from individual parking places, which can be done by an internet connection or a gsm/gprs connection. The information that is send by the individual
parking places only contains the coordinates and status, the other information is provided
once.
The information on the server can also be showed on a map to visualize where the busiest
areas are, and where it will become busy. These maps can also be placed on a website to
make them public, which makes it possible for people to check before they even enter the
car if it’s busy at their destination.
The server has also a function to check if the information about free parking place is correct, and if there is perhaps a problem with a sensor. If a parking place is longer occupied
than 36 hours or if the parking place is free for a long time while all other places are occupied a signal will go to the supervisor so he can check if there is something wrong.
The navigation system inside cars can connect with this server to request a free parking
place which ﬁts the requirements of the user and the destination. When the right parking
place is found, the central server will give the coordinates of the parking place to the navigation server and will receive an estimate time till arrival from the navigation system. The
offered parking place will be set to ‘offered’ to prevent that the system will offer the same
parking place to multiple cars. The parking place is set to ‘offered’ as long as the estimate
time till arrival plus 20% of that time, or as long as the status of the parking place changes
to ‘occupied’.
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Example of how the database can be visualized
and shown on the internet.

Example of how the database will look like on the central server.
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2.5 Privacy and Safety

A

n issue with the communication between the car and a central server is
that there is a possibility that the privacy of the driver is harmed if personal information is send and stored. For requesting
a free parking place the navigation system
should search in the database for available
parking places in the neighborhood of the
coordinates of the destination. By letting
the navigation system search itself, in stead
of requesting a free place and wait for an
answer from the server, the change that
people feel harmed in their privacy is less.
The only information send is about the destination, whereby the sender is a navigation
system with his own identity mark, which is
not linked to any personal information like
name, address or license plate. So the system can only know what navigation system
is requesting for a parking place, and not
who the driver of that car is.

free parking place.
That means that if the navigation system is
searching in the database, the data ﬂow
generated by that may only be used for
searching a free place, and after that the
data must be deleted immediately.
If people want to use the additional feature
of paying the parking fee afterwards once
per period, they should ﬁrst agree with the
fact that their location will be stored for a
speciﬁc period, and will only be used for
calculating how much the user should pay
for parking. This is needed for calculating
the price of parking the car, because this
is an additional feature it will only be used
if the driver agrees with the way of storing
personal data.

© Roy Damgrave

More information:
According to article 9 in the law of protection personal data it’s forbidden for the
server to store any data which comes from
the cars to use it otherwise than providing a
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- Appendix 1: privacy statement

i

2.6 Concept overview
The image below shows the different areas of this concept, and how the concept works in
that area.
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2.7 Scenario
This scenario shows the step the driver should take to get to his destination using the parking advisor.

1

Enter personal settings

By ﬁrst time use the driver has to
set his personal requirements for
a parking place. These settings
are used to ﬁnd the best suitable parking place.

© Roy Damgrave

Enter destination

2

Just as by an existing navigation product, the user has to enter his destination. After that he
gets the question if a free parking place should be searched. If
the user wants that, the navigation system will search for a free
place and will start guiding the
driver.
© Roy Damgrave
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3

System gives advice

When all settings are made the
navigation system will calculate
the quickest route and will start
guiding the driver.

© Roy Damgrave

Follow the advice

2

The navigation system will guide
the driver through the trafﬁc using arrows and voice advice.

© Roy Damgrave
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5

Arrive at the parking
garage
When the driver arrives at the
parking garage, the system will
send a signal to the server that
it has reached the garage. The
garage will get a signal that
a car is coming, and will take
over the advice system, and
will guide the driver to the free
parking place.
© Roy Damgrave

Follow the line

6

Inside the parking garage a line
will light up which shows the
route the driver should follow to
get to his free place. The lightemitting line will only lighten
when it’s guiding a car.

© Roy Damgrave
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3. Recognize cars outdoor
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3.1 Recognize free places outdoor

A

s explained in the interim report there
are some techniques already available to detect if a parking place is
occupied or free. These systems are mainly
developed for indoor use; in parking garages for example. The systems used to recognize cars in a garage can’t always be
used to recognize cars on street parking.
In a garage the technique of using camera for detection cars and the one of using
sensors above the cars work very well, but
not with outdoor parking. Camera detection is very difﬁcult due to the lack of overview and amount of other
objects (like trash, people, animals, etc.) which
can cause the software
to think a place is occupied while it is free. And
the problem by existing
sensor detection methods
is that they all require a
roof, a power source and
a wired link to a server. Because all those things are
missing on street parking the adjustments
are too much to make it affordable.
The goal for solving this problem was to
come with a solution which needs little or
no adjustments to the existing parking area,
which is easy to install, cheap, available
within the next years and ﬁts in the environ
Therefore I came up with the idea to put
all the necessary electronics in a brick. The
brick has the same dimensions as a normal
brick used to make roads (10cm x 20cm x
6cm). In the brick is a sensor which can recognize if a car is standing above it, a microcontroller to process the data, a gsm/gprs
module to send the information wireless to
a central server and the brick has its own
power supply by using solar cells. To add

a parking place to the database of parking places it’s only necessary to remove an
old brick and place the new electronic one
in. After that the brick is completely operational. The brick itself detects cars, processes the information and if the status of
the parking place has changed it will send
that information to the central server, it’s a
completely stand-alone solution. This is an
easy way of adding parking places spread
throughout the whole country to the central database. Using this stand-alone solution it’s easier to add parking places to the
server, and the change of
an error is small, because
if a brick fails only one
parking place will give
an error, and not a whole
parking area.
The brick can also be
used in combination with
a small lamp which indicates the state of that
© Roy Damgrave parking place by changing the colour of the top
of the brick. When a place is offered, the
top of the brick will be orange; when the
place is free green and when it’s occupied
or reserved the brick should be red This is an
additional function which can be added
if it must be possible to reserve a place, so
that people know when they aren’t permitted to park on that place. To check whether
that isn’t done the brick can send a signal
to the trafﬁc warden if somebody places
his car on a brick with red light which is reserved. This function isn’t added to the brick
explained in this chapter, it can be added if
there is a need for it.
In the next paragraphs all aspects of the
brick are explained.
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3.2 Technology in the brick

T

he electronics in the brick are divided into four categories: sensor, energy, process and
communication. These four aspects have to work together to complete the function of
the brick. The sensor unit recognizes the car, there is a processing unit which processes
that signal, and after that send information using the communication unit. And of course
the energy unit supplies enough power to make everything work.
All these aspects of the electronics are mentioned on the next pages.
Recognize cars
Their must be a sensor in the brick which can recognize if a car is standing on it. This can be
done with multiple sensors, but only recognizing a car isn’t sufﬁcient. The sensor mustn’t be
inﬂuenced by weather circumstances, and also dirt or leaves shouldn’t inﬂuence the sensor. Besides, the sensor is placed in the ground which also can cause some problems. I will
discuss the sensors which can possibly fulﬁl this goal.
-

Light sensor
With use of a light sensor it’s possible to detect suddenly changes of light intensity. If
the sensor is placed upwards it will measure the intensity of the sunlight. When a car
is driving on it, it will become suddenly dark, which can represent the presence of a
car. The advantages are that it’s a cheap solution with simple and strong electronics. The disadvantages are that a light sensor is not accurate and has a bad error
handling (if there gets dirt on the sensor, it doesn’t work anymore). The most important disadvantage is that it can’t be used in the dark.

-

Radar sensor
A radar sensor detects motion in a wide surrounding. It can even work behind glass
or synthetic material without being inﬂuenced. The radar sensor works with sending
waves and receiving them if the waves collide to an object. The problem with this
sensor is that it only detects motion, a standing object isn’t recognized, and therefore can’t be used in the brick.

-

Ultrasonic sensor
The indoor parking advice system of Siemens (SiPark) uses ultrasonic sensors above
each parking place to recognize if the place is free. An ultrasonic sensor measures
distance between the sensor and the ﬁrst object in its direction. The sensor responds
on every material, even on glass. The measuring is very accurate and is therefore
also used in parking sensors in cars. It’s not possible to use that sensor in the street
because it can’t work if there is dirt or leaves on it, and it can’t be placed behind
glass or another protecting material.
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-

Inductive loop
Car detection is also done by trafﬁc lights, the system which is controller the light
knows where the cars are standing. This is done by inductive loops which are placed
in the road. The loops are cut in the road and are a few meters long. It’s a relative
cheap solution with proven technology. Unfortunately it only works with loops with a
large diameter, and that can’t be done inside a brick.

-

Magnetic ﬁeld sensor
A magnetic ﬁeld sensor recognizes the magnetic ﬁeld of the earth. This ﬁeld can be
inﬂuenced by large metal objects, like a car. This small change can be recognized
by a magnetic ﬁeld sensor. The sensor detects only metals because they inﬂuence
the magnetic ﬁeld; therefore the sensor is not inﬂuenced by dirt, people or other object rather than a vehicle. The sensor can even be placed behind glass or synthetics
with no problem. Therefore this sensor is very suitable for the product.

-

Distance sensor
A distance sensor works with reﬂection of a material. The sensor sends a infrared light
out and receives it back. The time between the sending and receiving can be used
to identify the distance between the object and the sensor. The method is very accurate and detects almost all materials. But it can’t work when there’s dirt on it, or
when it’s raining (the rain will also reﬂect the infrared beam).

The conclusion from this overview of sensors is that a magnetic sensor is best suited for car
detection. It only response to metals, so a newspaper or snow has no inﬂuence on the sensor, even a person standing on it won’t change the state of the parking place. And also dirt
has no inﬂuence on it, so it’s resistible against the weather inﬂuences. The company Banner has a sensor in the assortment (M-gage) which
is specially made for car recognizing at entrance
gates, or on other places were the sensor is in the
ground. Unfortunately this sensor is very expensive
(€ 300,--) because it’s really new. This is against the
idea of a payable solution and therefore this sensor can’t be used in the product. Philips (and other
companies) also sell magnetic ﬁeld sensors which
are already used for quite some years in products for
metal detection, and even for car detection products. The sensor from Philips which is very suitable for
this product is the KMZ-51. This magnetic ﬁeld sensor
© Roy Damgrave
is very small, and cheap. See the speciﬁcation in the
A magnetic ﬁeld sensor next to a
appendix for more information about this sensor.
paperclip.
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Process data
The data from the sensor will be processed using a microcontroller. A simple microcontroller can read the information provided by the sensor and can process that to know if
© Roy Damgrave
there is a car standing on top of it or if the parking place is
free. That information should be send using a gsm/gprs mod- A microcontroller.
ule which also can be operated by the microcontroller.
The microcontroller used is the Microchip 16f877, this small microcontroller is capable of
processing information very fast and can even be extended with more functionality in the
future. This microcontroller also has a low power consumption (less than 1mA), and can
thereby easily work on rechargeable batteries. The programming of this sensor is very easy,
and this microcontroller is also used in the prototype
The software in the microcontroller will check the status of the sensor twice per minute. This is
done to save energy, and because it’s not necessary to check all the time. When the status
of the sensor is changed the microcontroller will check again in 10 seconds to be sure that
it wasn’t a false signal (due to a passing shopping trolley for example). When both times the
signal is the same the new information will be send to the central server.
Transmit data
For transmitting data wireless to a central server multiple options are available, but the
system used in the brick should work through the whole country and even when a car is
standing above it. And it must be a solution which asks little power. The best solution for this
is using the GSM/GPRS network which is international cover© Siemens
ing, stable and has proven its quality. Using a gsm/gprs module to send information is relative cheap because with gprs
only the transmitted data has to be paid and the only data
which is transmitted are coordinates and a 1 or 0 for indicating the status, so this is very cheap. Thereby requires a gprs
module very low power and is relative fast. Using gprs is also
an advantage for the central server because gprs can connect directly to the internet or other network and add the
new information directly to the database.
The Siemens TC35i gsm/
The gsm/gprs module used in the brick is the Siemens TC35i, gprs module.
this small module is specially made for embedded products,
it has all the functionalities needed for the product, and can
even do more. The module requires low power consumption and has a sleep function in
which is uses nearly no power. Thereby is this module relative cheap and small, and perfectly suitable for implementing it in the brick.
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Power supply
A difﬁcult part with this product is supplying it with energy without putting cables in the
ground. Therefore every brick should have its own power supply, which works completely
individually without any maintenance. The solutions for this are using the heat or movement
from the car, solar cells, induction or hydrogen.
Using the heat from the car can be a good solution, because every car which parks on
the place has driven a distance and therefore the engine is hot. Unfortunately there isn’t a
good device available which can convert this type of heat energy to electronic energy,
and it can become a problem in the winter when there is snow or rain on the street. Another
option is using induction energy with a central location which sends one beam of microwaves aimed at the brick, and so the brick can be recharged from a distance. This technology isn’t widely available and can be harmful for other object in his path, for example a
car which is standing on the brick can be inﬂuenced by the microwaves. This solution isn’t
useable in the brick. A method of storing energy is by using batteries or hydrogen packs.
This way it can be possible to let the brick run
a couple of months on one energy pack. This
solution works very well, but it has one major disadvantage: the energy pack has to
be replaced once in a period. And that is
a big problem if it’s used in a (inter)national
covered system. It will costs a lot of time and
money to replace every energy pack, and
will cause a lot of inconvenience when it is
done on a busy moment. Therefore the best
solution for the brick is using solar energy. This
technique is quite popular last years, and it’s
getting a higher and higher output. Solar cells
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work best when they are in open sunlight, but
they also work in the shadow and even when A solar cell with integrated battery charge
a car is standing on it. The solar cell can be unit.
used to recharge a battery inside the brick,
and when the solar cell can’t provide enough
energy to power the system the battery can help with that. There is also a new kind of solar
cell developed in Canada; this solar cell can turn 30 percent of the sun’s power into usable
electric energy, a far better performance than the 6 percent gleaned from the best plastic
solar cells now in use. This solar cell will be available within ﬁve years. The problem of a car
standing on the solar cell blocking the sunlight isn’t a problem anymore with this new solar
cell. This solar cell also converts infrared light into electric energy, which is a great advantage if the cell is placed under a car, because everything that’s warm also gives off some
heat and sends infrared light. Even people and animals give off heat. So there actually is
some power remaining in the infrared even when it appears to be dark. With the higher efﬁciency this should be enough to power the electronics in the brick.

-28-

The electronics components chosen are also very economic with energy, and for the use of
the brick it’s only needed to check twice per minute if a car is parked, that can also save a
lot of energy in stead of checking continuously. The gprs module is only used when there is
anything changed on the parking place; this is only a couple of times a day, so the module
can normally be set in the sleep mode.
Below an overview about the needed power for the electronic parts:
GPRS module sending information:
GPRS module sleeping:
Microcontroller:
Sensor checking state:

300mA
3.5mA
45 mA
powered by microcontroller

Assuming that the status of a parking place changes ten times a day (average parking
duration of 1,5hours during 16 hours a day) the gprs module should send 20 times a signal
to the central server. Sending a message will take about 30 seconds, which means that the
GPRS module will be sending data 10 minutes a day. This means it will use 50mAh per day.
The complete use of energy on a day would be 1334 mA per hour average (all by using 5
volts).
The solar cells nowadays available which cover the whole top layer of the brick can produce a daily average of 75mA per hour. This means that a battery of 1500mAh can easily
be recharged every day. This battery can than be used to power the devices. The use of a
battery has also the advantage that is prevents large ﬂuctuations in the power supply.
Off course the power supplied by the solar cells will be better when the new type of solar
cell (which is explained above) is introduced, and then it can also be possible to add more
functions.
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Final technology
In the ﬁnal list of used technology are the following components:
-

Philips KMZ-51 magnetic ﬁeld sensor
Microcontroller Microchip 16f877
Siemens TC35i gms/gprs module
Solar cells, available surface of approximate 9cm x 19cm. Using four solar cells of
83mm x 47mm.
Printer Circuit Board (PCB) which consists of the smaller electronics like resistors,
capacitors and connectors. This pcb is used to link all the components to each
other.

To test the working of the brick I decided to make a prototype of it. Unfortunately it was
in the prototype not possible to use the above speciﬁed sensor and gprs module, I had to
use other types. But despite of that the working and the connection between the different
electronic parts is nearly the same
Below an overview about how the components are linked to each other.

Basic schematic of electronics.
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Working prototype of all the electronics needed
inside the brick.
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For the prototype the following software is used, this software illustrates the simple instructions the electronics have to make and shows how the electronics are controlled.

Schematic of the used software.

More information:
- Appendix 2: Sourcecode in JAL
- Appendix 3: Datasheets electronic componenten
- Appendix 4: Datasheet Siemens
TC35i
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3.3 Casing

T

he dimensions of the brick are already determined due to using standard proportions.
The size I choose for is the standard of 105mm x 210mm, the normal size of bricks used
for making parking areas. Because the brick is placed in a public area I had to consider
some problems like:
Safety
Theft
Tough
Easy installation and maintenance
Wear-resistant
Safety
The brick is place in public area, and everybody has got access to it. Therefore the brick
should prevent that somebody can hurt itself to it. This means the top layer of the brick
shouldn’t be slippery or sharp. Because of
the solar cells the top should also be transparent, so their must be a combination of
rough, strong and transparent material. An
option for this is using the same material as is
done by already existing products which are
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placed in the ground and have transparent
Example
of
a
brick
with
electronics
in it.
top; like lights. This can be for example bioresin or a transparant synthetic material.
Theft
The brick is ﬁlled with electronics, and although the electronics aren’t expensive, it shouldn’t
be possible to steal the brick. The ﬁrst thing is to prevent opening the brick; therefore the
closing method is important. It’s not possible to make a construction with screws on the top
of the product; it would be too easy to open it. Therefore the screws will be placed at the
bottom, which makes is more difﬁcult to open it. But the brick is small and light, and can
be picked out very easy, so it must be secured in the ground. This is in contradiction with
another statement of the product: it must be easy to install. To secure the brick I can’t use
methods for securing it in the ground like using poles. They are too difﬁcult to install, and can
give problems if there are cables or tubes in the ground. The other option is to secure the
brick to the brick around it. There are multiple ways to do that. But it’s not enough to secure
it to one or two other bricks, that wouldn’t prevent robbery. The best option is to make a
plate under the brick which has the size of 40cm by 80cm and is only a couple of millimetres
thick. The brick is attached to this plate (by bolts through the plate, into the brick), and while
placing the brick there should be removed a small number of bricks around it; which is little
work for experienced people. With this plate the brick is connected to approximately 15
other bricks, and it’s nearby impossible to steal it without being caught.
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Tough
The material used for the brick should be resistant against weather inﬂuences, UV light,
chemicals like oil and fuel, water and it should resist a heavy weight vehicle. Thereby the
brick should meet the IP67 standard. That means that the product should be totally protected against dust and protected from temporary immersion in water 1 meter deep for 30
minutes.
The best material for all these aspects is a polymer composite, speciﬁcally Polycarbonate
(PC). This material is strong, is impact resistant, stiff, tough and wear resistant. The material
can be used with injection moulding, a technique which can be used to manufacture the
product.
Easy Installation and Maintenance
The installation and maintenance of the brick is an aspect which inﬂuences the price enormously. Nowadays the highest costs are made with the labour costs, and especially in the
richer countries this is the part that determines the price. The product should be easily installed by road workers with no electronic knowledge; therefore the product is assembled
in the factory and only exists of less than 10 parts. The parts are made such a way that
they can’t be placed wrongly. The brick doesn’t need maintenance on a regular base, it
only needs to be cleaned which is already done by on most parking areas. If a brick fails
or doesn’t respond anymore, the brick should be replaced with another one and all reparations should be done by the manufacturer. The reparations are not done on the street
because that will take longer for the road workers to wait till the device is repaired and it’s
difﬁcult to check the electronics on a mobile place.
Wear-resistant
The top of the brick is the part which suffers most from wastage. This is also the part which
should be transparent. The best option for this part is to use also polycarbonate. This material
is more resistant against shocks and is also available transparant. Thereby is polycarbonate
weather, UV and chemical resistant, and it is easy to clean.
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3.4 Technical drawings

W

ith use of the on the previous pages mentioned aspects of the brick I made the
following drawings about the different parts. These drawings illustrate how the different parts look and how they are ﬁtted together. All aspects from the previous
chapter are taken into account, and also the manufacturing method is taken into account
during the design (more about the manufacturing method on the next pages).

© Roy Damgrave

Impression of the construction of the brick.
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Construction
The brick consists of three major parts which
form the construction. The ﬁrst is the bottom of the brick. This part will be attached
to a plate to secure it in the ground. The
electronics and the top part of the brick
will be connected with 4 screws. The second part is the electronic compartment.
To prevent that water can enter the brick,
all the electronics are placed in a special
compartment which hangs in the bottom
of the brick, so even when due to shock
the brick will brake, the electronics will stay
dry. The top part is placed on the bottom
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part with all the electronics between it. By
Bottom part of the brick, made of
using rubber seal-rings the whole construcPolycarbonate.
tion will be water proof.
Materials
The brick will be fabricated using Polycarbonate. This material is strong, can resist impacts,
and is stiff enough, tough and wear resistant. For all speciﬁcation of the material refer to
appendix X.
The top of the brick is also made of polycarbonate; this material is used more often in lights
embedded in the street. It is strong and most off all it won’t scratch, which is good for the
amount of light it will led trough to the solar cells.
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Housing for the electronics, made of
Polycarbonate.
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Manufacturing techniques
The polycarbonate parts of the brick have
a simple shape and can therefore be manufactured using injection moulding. The
moulds which should be made for these
are relative simple because they can be
made of two parts with only one axis were
they should move on. This technique can
thereby be relative cheap and that can
improve the attainability of the product.
The polycarbonate of the top part should
be transparent, and in that part should also
be a metal part where the screw can turn
in. This can be added in the mould, because the place of the metals is on a easy
place at the bottom of the top part.

© Roy Damgrave

Top part of the brick, made of transparant Polycarbonate.

Different parts ﬁt perfectly together.
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Completed brick on a base plate with all the electronics in it to detect cars and send
that information to a central server. The can be placed between existing bricks and
there is no need for putting cables in the ground because the brick works completely
stand-alone.

More information:
- Appendix 5: Properties of
Polycarbonate
- Appendix 6: Technical drawings
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4. Advice drivers outdoor
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4.1 Advice outdoor

F

or guiding drivers in their car till the entrance of a parking garage or an available street parking place I choose to use
the existing (gps) navigation products.
These navigation systems are very popular
last years, and they are more and more
standard in cars. Using this existing technology makes it easier to integrate the advice
system in cars. People are used to the controls of the navigation and the technology
is becoming cheaper and more accessible
for every driver. Using this existing system
also prevents getting more (distracting) devices in the car, combining all information
products into one system will improve the
collaboration between systems and userfriendliness. The existing navigation system is
capable of guiding people through whole
the world; nearly all the streets are available
in the system. So adding the coordinates of
the parking places won’t be problem and
receiving up to date information is also becoming easier. The newest generation navigation products are able to communicate
with a cellular phone (using Bluetooth), and
with use of that it can be possible to access
a network with the required information.
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Examples of existing guiding systems.
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4.2 Personalized advice

P

eople ask more and more for personalized items. Think about the cellular
phone which can be personalized using different covers. And also the car is nowadays more personalized due to the amount
of options available. People feel more comfortable when they are surrounded by objects which are personal, and people listen
better to advice which is given personal in
stead of general advice. That is one of the
reasons why navigation products are so
popular. Therefore the information provided
by the system which guides people to a free
parking place should also give personal advice, and that means that the advice should
© Roy Damgrave
ﬁt the user. To provide the best personal information and advice to the user, some settings Examples of ‘Parking Settings’ interface.
have to be made by ﬁrst time use. These settings are used to ﬁlter the available parking place to ﬁnd the free place which ﬁts best to
the user demands.
The options that have to be set are:
-

Choose if the parking place should be as cheap as possible, and therefore
perhaps further away from the destination. Or the parking place should be as
close to the destination as possible, but can be more expensive.
Choose if you want to park in garages. Some users don’t want to park in
garages, than can have different causes like claustrophobia or afraid to damage
the car.
Choose if you want to park on street. Some users don’t want to park their can
on street parking; therefore the system shouldn’t provide such a place to someone
who doesn’t want that.
Invalid parking places. For people with a handicap the choice between
parking places is much smaller than for others. The system should also be able to
ﬁnd a parking place for people with a handicap.
Only Secure parking places. Some people with exclusive or expensive cars want
to park only at places where there is security. This gives them a more secure
feeling, and the car will be protected against vandalism.

With these personal demands the advice giving will be better suited for the driver, which will
lead to more conﬁdence of the advice.
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4.3 Guide the driver

E

nter destination
Entering the destination goes the same
way as it does now, that means that
the user ﬁrst has to enter the city, than the
street, and with addition even the house
number. The user can also pick a ‘Point of
Interest’, which can be a shopping centre,
hotel, restaurant, patrol station, etc.
After choosing the destination the system
will ask if it should search for a free parking
place. The can agree or disagree with that.
If the user wants a parking place the system
will connect to the central database (using
a mobile phone with GPRS, see technology
section) and will search for a free parking
place which ﬁts best to the personal settings.
The driver gets a message if a parking place
is found, and the system will provide more
information about it like the parking rate, inside or outside, distance till destination, with
or without security, estimated time till arrival.
The user can agree with this parking place
or let system search for another one.
If the user agrees with the provided parking
place the navigation system will guide the
user to the available parking place.
Communication with central server
The communication with the central server
which keeps all the information about free
parking places goes by using the cellular
phone of the driver. The latest generation
of navigation product also functions as a
hands-free kit. This means that the system
is already connected to the mobile phone;
this can be done using a wired connection, or using Bluetooth. With this connection available the system can use the GPRS
connection, which is possible on nearly on
every new phone, to connect to the central server. The GPRS connection is a data

Navigation with a TomTom Go product.
connection, which means that the user has
to pay for the amount of trafﬁc and not for
the duration of the connection. Because
the system has to send very little information (only a few lines of text) the costs for
the user will be very low. It’s not necessary
for the user to active or control the connection, the navigation system will arrange
everything.
Advice in car
When the destination is entered, the navigation system will guide the driver to that
destination the same way as navigation systems without a parking advisor.
On the screen the user sees a map of the
surrounding area with a dot in the middle
symbolizing the car. An arrow is pointing in
the direction the driver should follow, and
shows what to do at an intersection. But because a screen is distracting the driver from
driving the car a voice tells what to do. Before every intersection or change of direction the voice will give an advice what to
do. For the user it’s not necessary to take his
eyes of the road, because only the voice in-
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Navigation with projection in the windscreen (head up display).
structions are enough for guiding. With the
new generation of products it is also possible to project the information (the arrow) in
the windscreen of the car. This means that
the arrow is projected in front of the user
and the user should only focus on another
distance, and doesn’t need to get its eyes
of the road.
The navigation product will guide the driver
all the way to the free parking place using this method. Off course the navigation
system takes into account one-way streets
and will calculate the fastest route possible.
And people can even choose to have to
shortest route possible, without using the
highway because they feel afraid to use
that.
If the user has arrived to the destination (the
free parking place) the system will also tell
that, and in case the free parking place is
inside a parking garage the navigation system will tell the driver that the free place
is inside the parking garage and that the
guiding system of the parking garage will
take over the navigation. How that system
works is mentioned further on in the report.
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5. Recognize cars indoor
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5. Recognize free places indoor

A

lthough the project is mainly focused
on how to recognize free places outside garages and how to guide people to free places using navigation systems,
I will also mention the part of the system
inside a garage. I do this to complete the
explanation of the system. The technique
outside and inside garages can’t be the
same due to practical and technical circumstances, which are explained further in
this chapter. This means the two techniques,
one for indoor, one for outdoor, have to
work perfectly together.
There are already systems available which
recognize the free places inside garages.
These systems work with camera detection or sensors above all parking places.
By camera detection there is a network of
cameras installed in the garages which can
observe every parking place, the images
are captured with a computer. With use of
special software it’s possible to recognize

if a place is free or occupied. This system
can detect free and occupied places using differences in contrast. The technique
is relative reliable and is also used by the
government in the ‘trajectcontrole’ on the
Dutch highways (cameras detect the license plate of the car and measure how
long the car did over a speciﬁed distance).
There are still some small problems with this
technique on parking places, especially if
used outside were the weather inﬂuences
can distort the image (snow can be easily
confused with a white car, or rain can make
the image blurry). Another problem can
be the amount of cameras needed for a
whole parking garage, every place must be
visible for two cameras to make it reliable,
because a larger van can block the view
on the parking place next to it. But with the
newest software and technique this system
can become reliable and payable enough
to implement in a parking garage.
Using numbers for every
parking place can be
used for a system which
recognizes free parking places, it can also
help people ﬁnding the
parking place, and ﬁnding the car back afterwards.

© Roy Damgrave
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The second method uses ultrasonic sensors
to recognize if a car is standing underneath
it. This technique is used by Siemens in their
SiPark system. Above every parking place
hangs a small unit which has an ultrasonic
sensor to measure the distance between
the sensor and the object beneath it. If a
car is parked under the sensor the distance
will decrease and the sensor will give a signal that the place is occupied. The units are
connected using wires to a central computer inside the garage which keeps an overview about the free and occupied places.
With that information the system can give
the driver information where inside the garage are places available.
This technique is very reliable and is already
working in some garages in foreign countries. The disadvantages with this system is
that it requires a roof or attachment point
above all parking places, which never
available by outdoor parking and is even
sometimes a problem with indoor parking
because some parking towers also use the
roof as parking place. The other disadvantage is that there must be a large infrastruc-
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A difﬁcult area to detect free places.

Two systems already used to detect
free places: cameras and ultrasonic
sensors.
ture for connecting all units to the central
computer, this means a lot of cables in the
building which can easily be damages due
to vandalism or high antennas of cars.
Another way of knowing exactly which
parking places are free or occupied is by
using automatic parking systems. These systems work like robots; the whole parking
garage is a large robot which picks up cars
and can put them somewhere in the building. The user only has to park his car inside
the entrance, and from thereof the car will
be placed automatically on a free parking place. This has some advantages; the
space available for parking can be used
more efﬁcient due to the minimal space
needed to transport the cars, people don’t
have to search for a free spot and the ga-
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rage is completely closed for persons, so
nobody can touch or damage the car. Off
course there are also some disadvantages;
the system is relative expensive, it is slow because there can only be one car parked at
a time. So it’s not suited for large garages,
but because the robot knows exactly which
place is available, that information can be
used very easy in the system of the parking
advisor.
These available systems are perfectly suited
to provide the central server with information about the state of the parking places.
All the required information is in garages
with these systems already available, so
the only additional function is to send this
information to the central server. The only
problem with these existing techniques is
that they cost a lot of money to implement
inside existing parking garages. Therefore
the brick which is explained in chapter 3
can also be used indoor, but placing bricks
can become a problem inside garages
where all the ﬂoors are made of concrete.
When a parking garages isn’t ﬁtted out with
these (expensive) systems, the garage can
still be used in the advice system, this because nearly all garages have a system
which counts the number of cars entering
and leaving the garage. With that information it’s also possible to calculate how many
free places are left inside. That information
isn’t as speciﬁed as wished, but that information can also be sent to the server. This
way the garage is also added to the parking advice system.
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More information:
- Appendix 7: Sipark Information
- Appendix 8: Philips Advisor

-48-

i

6. Advice drivers indoor
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6. Advice drivers indoor

N

avigating a driver through a parking
garage is more difﬁcult then guiding
him through normal trafﬁc. The normal used navigation system can’t be used
here for multiple reasons. The ﬁrst problem
is that there is no GPS satellite signal available, and therefore it’s very difﬁcult to know
the position of the car. This problem can be
solved partially by using a gyroscope and
the ABS sensors on the wheels of the vehicle. With use of these two sensors it’s possible to track the position of the car. But
unfortunately this is not accurate enough
to guide the car trough a whole parking
garage, especially the differences in height
can give problems.
The second problem is that the way the
navigation system gives advice is not suitable in garages. In garages the car has to
change direction very often and very quick
after each other, this means that the system should give advice constantly, which is
not possible by using the screen (gives too
much distraction). It’s also not clear if the
voice has to guide the driver; the advices
are coming too quick after each other, the
voice has to speak very quick and that will
not improve the intelligibility. And the user
will be more irritated if he has to listen very
carefully to the navigation, and is thereby
more distracted than he is without a navigation system.
Therefore the system in a garage should be
different than the one used on the street.
There some great technologies available
to guide a driver without distraction and
which work very intuitive. My idea is that the
only interesting route for a driver in a parking garage is the one he should follow, so
that should be the only route he can see.
By making a product which does that, he
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A difﬁcult place to guide drivers.
shouldn’t be distracted by all the rows of
cars and intersections. A solution for this is
using dynamic road marks. Normal road
marks are painted on the road surface using normal paint and are static. That means
that the information provided is the same
for every driver, although the destination
is different by every driver. The information
provided should be personal and the only
information required should be shown.
By using dynamic road marks in the shape
of led-lights in stead of paint, the road can
be marked on all different ways. These lines
have the same dimension as normal painted lines but are only visible when the (white)
leds are shining.
The route the driver should follow can than
be lighted and the driver only has to follow
the line. By making the line in the middle of
the road the car should follow, the user only
has to look ahead to see where he should
drive.
The line should only be from the front of
the car till a couple of meters ahead of the
car, because if there are more cars behind
each other the advice mustn’t be vague,
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everybody must have his own line in front of
the car. By making the line approximately
20 meters long every driver can only see his
own line, this way the driver can’t follow by
mistake the wrong line. In the lines are sensors which recognize if a car drives over it,
and by placing such a sensor every 5 meters it is clear for the system if the car is following the line or that is has left the road. A
car is approximately four a ﬁve meters long,
so when the car lefts the detection range of
one sensor it will enter the range of the next
one. The sensors placed in this line can be
the same sensors used in the brick which is
explained in chapter 3. This cheap sensor is
very suitable to detect the present of a car
which is driving over it.
The dynamic road mark lines are already
used in a pilot project called ‘DenkDek’.
This system is tested on the A9 by Uitgeest,
the normal road marks were removed there
and replaced with dynamic road marks.
The idea of this is that the driver should follow the line on the right side of his car. The
same was done at a entranceway, were
the drivers also should follow the line. If both

Example of dyanmic road marks.

Close up of a dynamic road mark.
driving lanes did this, the join of those two
lanes would go without any problems. The
test was very successful and the dynamic
road mark has proven his stability and the
test shown that the driver knows ‘intuitive’
that he should follow the line.
The dynamic road mark used there was
made by the company Nils. This company
sells these ready-to-use lines of led lights
which are encapsulated in a bio-resin.
The light of the led is transported through
ﬁber-optic cables to the module at the surface of the road. Thanks to that system it
isn’t directly noticeable when one led fails.
The casing of the marks is a UV-stable bioresin module, which is extremely sustainable. The material is transparent, this causes
that when the lights are off the color of the
original road is visible, and the lines won’t
attract attention. Due to the minimal height
of the marks the driver won’t notice it when
driving over one. The modules have low
power consumption and can even be powered using solar cells, one signal and data
line can provide enough energy and data
for 300 modules. The modules are 750mm
long, 220mm width and just 15mm thick. So
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it’s only needed to remove a little of the existing road surface to place the lights.
This solution is in my opinion the best one
available to guide people through a parking garage. It prevents placing even more
signs along the road in a garage, and it will
only show the needed information.
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Impression of a dynamic road mark inside a parking garage.

More information:
- Appendix 9: NILS dynamic road
marks
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7.1 User opinion

W

hen working on the elaboration of the concept, I decided to go to the user with the
concept and ask their opinion on it. To do this I choose to go to the parking area
were I got at ﬁrst the idea of this project; the ‘Plein Westermaat’ (IKEA) parking area
in Hengelo. My goal for this small user research was to see how easy it is for me to explain
the concept; can the concept be explained to people who don’t know anything about it. If
not, is the concept perhaps too complex? And what will the questions be of the people, are
there perhaps things which I forgot. Another goal was to know how the people feel about
the solution; do they think it’s going to work, and if it would be available within a couple of
year, are they willing to use it and for what price. It’s also a possible to see how many people
are familiar with a navigation system, and how satisﬁed they are with it.
The questionnaire exists of 11 questions and should take about ﬁve till maximum ten minutes
per person. The people approached have the age of 25 till 60, the people are questioned
when they were packing in their cars, I did that to hinder the people less. I had the permission of the owner of that parking area to ask his customers some questions. I approached
the people and asked if they had ﬁve till ten minutes to answer some questions about the
parking problem in Holland. All the questions were asked by me, and I also wrote down the
answers. Some conversations have been taped with a voice recorder, but due some problems with the recorder the recordings are deleted. Therefore the only results left are the ﬁlled
in question forms, which are documented in the appendix.
The questionnaire had the following questions:
Gender
Year of birth
1.
2.
3.
4.
5.
6.

When you entered this parking area, did you have any idea where the free
places were?
Did you ever encounter problems ﬁnding a free parking place, if yes, how
often does that happen and does is irritate you?
Can the problem of parking your car be an objection to go to a speciﬁed
area or city?
Is the appearance of a parking garage an argument for you to prefer that
one above others?
Do you have the wants of a service which can guide you the way from
your departure till a free parking place?
Are you willing to pay some money for the certainty of a free parking place
at your destination or for the guiding to it (think off € 0,05 extra per hour)
(Explanation of the concept)

7.
8.

Are you familiar with existing car navigation products?
Can the function of guiding you to a free parking place be an argument
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9.
10.
11.

for buying a navigation system, or to use it more often?
Would you trust immediately on an electronic advice system?
Can this solution be an improvement of the quality of a parking area or
garage?
Would you feel less ‘stranger’ in an unfamiliar city with this product?

Results
I will specify the results from the questionnaire per question. In total 15 persons were asked
for their opinion
1.
2.
3.

4.
5.
6.

7.
8.

9 out of 15 people had the opinion that they had no idea where the free
places were. The others mentioned especially that they had been before
at this parking area, and thereby know were to expect free places
The people who travel to large cities know the problem of ﬁnding a parking
place. The people who don’t travel that often say that they just follow the
signs and that they will get there.
Most people (11) agreed with this, although they mentioned that they will
search for another transportation method to get to the city. But by places
were public transport isn’t possible (IKEA terrain for example), people adjust
their visit to the amount of trafﬁc.
A few people (4) did ﬁnd the appearance of a parking garage important,
the others only mind if there was any parking place and if it’s close to their
destination.
A minimal gross of the people (8) did have the need for a guiding system.
The others mostly don’t know how it will work, and ﬁrst want to see if it really
helps them.
Raising the parking fee a little to provide extra service wasn’t any problem
according to most interrogated. The fees are really high at the moment so
a small extra like ﬁve cents won’t bother them, but the service should be
a lot better then!
Ten persons have ever used a navigation system, but only seven own one.
The people who own one are very satisﬁed with the product, and use it
very often.
For the people who already own a navigation system the function of a
parking advisor would be a function they certainly will use, and they will
use the navigation system more often. For the people who don’t own a
navigation system the parking function itself isn’t an argument to buy
one, but if they want to buy one they will prefer a system with the
parking advisor
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9.
10.

11.

This wasn’t any problem; people do trust the technology and have a
good feeling about it.
Most people (12) do ﬁnd it a good service for the parking areas. Especially
because the parking fees are relative high, they expect good service and
quality. And such a guiding system will improve the quality and the trust
in that parking facility.
People who own a navigation system already ﬁnd that they feel les
‘stranger’ in a unknown city. The parking advisor can help given more of
that feeling, but the navigation system itself gives that feeling best.

The conclusions from this small questionnaire are that most people are open and positive for
a parking advice system. Off course not everybody is intend to use it, especially the older
people trust more on signs and a roadmap. The youngest generation would really ﬁnd it a
good add-on to existing products, and especially for people who travel a lot to large cities
for their work it can save them a lot of time. My impression from this small research is that
their certainly is a market for such a system. It shouldn’t cost too much money, but when it’s
affordable for almost every person it is a good system.

More information:
- Appendix 10: Results of
questionairre
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7.2 Effects on driving behaviour

I

ntroducing a system which guides people
all the way from their departure place till
the free parking place in the neighbourhood of their destination can have some
consequences for the driving and parking
behaviour of people. Off course the aspects mentioned here are predictions, if
they really are going to happen can’t be
said at this moment.
The positive aspect of this parking advice
system is that it will prevent a lot of irritation by the people who are searching for a
free parking place. That is when the system
works perfectly, if the systems fails (too) often, people will even be more irritated. Also
the aspects of distraction, small accidents,
unnecessary environmental pollution, inefﬁcient use of space and slow trafﬁc ﬂow will
be less if the system is completely operational and when a lot of people are using
it. Improving the quality of the parking will
also improve the sales of the shops in the
neighbourhood. People spend more when
they feel happy and not irritated; this can
give the shops a new impulse.
When all the above negative points will
slightly disappear a new problem will occur;
more cars. If parking a car is going better
and without any problem, more people will
use their car to get to the destination. This
means that if a parking area is equipped
with the parking advice system, it can expect more visitors, which means it will need
more parking places. This can not always
be possible, and therefore this aspect has
to be considered while integrating the system. Better parking facilities in a city will
mean that more people want to park their
car in that city. The same problem occurs
on highways which are expanded with an
extra driving lane; adding that extra lane
will improve the trafﬁc ﬂow only for a small
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Parking behaviour.
period; after that more people will use that
highway and the problem of trafﬁc jam will
occur again.
Another change of parking behaviour is that
when a car is parked guided by a navigation system, the driver has less idea of where
he has parked the car. The drive is guided
to a free place, and has followed the advice of the navigation system, therefore the
driver hasn’t made any choices were to
drive. This can cause that people encounter problems ﬁnding their car back. When
a driver has parked his car without guiding
systems he is more aware of the place he is
and the route he has taken. Therefore the
risk is higher that people have to search
longer for ﬁnding back the car. This problem can be solved by giving every parking
garage its own identity which is very recognizable, than people will remember the location of their car.
When people are guided in their driving,
their behaviour can change because they
think that they should pay less attention to
the driving itself. People can think that they
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don’t have to look at all the signs along the
road, because the navigation system will
tell them what to do. This can cause that
people are even more distracting when
they use a navigation system then when
they are doing everything self. This problem
won’t really occur on the road, but can occur inside parking garages were the driver
is mainly focussed on the route he has to
drive, and not aware that their can be people walking on the roads. The driver should
pay all of his attention on the driving aspect, and not think that the systems will do
everything for him.
Although these changes of attitude can
happen, in my opinion they are a smaller
problem than the problem of parking we
are facing now. And most changes of behaviour mentioned here are solvable with
small interventions. But how the driver will
respond and use such a system can only be
said if the system is completely functioning
and if people are using it.
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8. Market orientation
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8.1 Costs

D

esigning a product or system is more easy to do when the marketing aspects is left
out. But in this project the goal was to come up with a product which also takes the
requirements of the producer into account. That means that some decisions in the
design process could be based on cost or manufacturing aspects. Some decisions in the
project are also made based on the ‘time till market’; the intention of the project was to
make a product which can be integrated into the exiting infrastructure within ﬁve years.
Placing a new product or system on the market is always a gamble about how it will sell. An
important aspects for determine how to launch the product, is by knowing for what price it’s
possible to manufacture the product. This calculation is difﬁcult to perform because without
having a completely ﬁnished electronic schematic and software it’s difﬁcult to calculate
that parts.
In this section of the report I will try to determine how much it will cost to build the brick with
the electronics in it. This is the most important aspect of the project, and can therefore give
an impression about how it should be integrated in the market.
Below is a calculation about a batch size of 100.000 pieces of the brick. All prices are calculated using prices found on the internet, and examples from other calculations. By some
parts the price for the customer is used, whereby the price is reduced with 50% due to
quantity discount.
Amount of Polycarbonate (Pc) necessary for one brick (amounts calculated using 3d computer models in Solidworks):
Bottom part:
245 cm3
Electronic casing:
132 cm3
Top part:
172 cm3
Total need of PC:
549 cm3
PC has a density of 1,2 kg/dm3 which means per brick is 0,6588 kg of PC needed.
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Estimate production costs for 100.000 pieces
Catagory

Description

Price pp

Price per 100.000

Material
65880

Polycarbonate

€ 4,00

€ 263.520,00

2000000

Screws

€ 0,01

€ 20.000,00

200000

Rubber seal rings

€ 0,03

€ 6.000,00

100000

Ground plates

€ 5,00

€ 500.000,00
€ 789.520,00

Electronics
100000

Magnetic Sensor

€ 1,50

€ 150.000,00

100000

Microcontroller

€ 3,00

€ 300.000,00

400000

Solar Cells

€ 10,00

€ 4.000.000,00

100000

GSM module

€ 55,00

€ 5.500.000,00

100000

PCB and other electronics

€ 5,00

€ 500.000,00
€ 10.450.000,00

Manufacturing
3

Moulds

€ 20.000,00

€ 60.000,00

1

machine use

€ 50.000,00

€ 50.000,00
€ 110.000,00

Other
100000

SIM

1

assembling

1

transportation

€ 1,00

€ 100.000,00

€ 100.000,00

€ 100.000,00

€ 50.000,00

€ 50.000,00
€ 250.000,00

Total for 100.000 pieces

€ 11.599.520,00

Price per brick

€ 116,00

This calculation is an indication what it will cost to fabricate 100000 bricks which can recognize cars. Additional costs are installation, maintenance, depreciation and data communication costs.
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An estimate price for installation can be calculate by looking at how many stones a road
worker can lay in one hour. Because of the easy installation is must be possible for an experienced road worker to place 6 brick in one hour. The costs to hire a road worker for one hour
including use of tools are around € 60,--. Which means an additional € 10,-- for every brick
It’s for me not possible to calculate what the maintenance costs of a brick will be, a secure
thing can be to add a value of € 10,-- to each brick for maintenance and service.
The communication costs can be calculated by assuming that a brick will send 20 messages a day of 15 characters, which is an estimate data size of 25 bytes. Per year a brick will
send 9kb with information. This is an extreme little use of data trafﬁc, and therefore price of
€ 3,-- is more then enough for data communication and use of the SIM card.
In total the brick will cost:
Total costs
Brick

€ 116,00

Installation

€ 10,00

Maintenance

€ 10,00

Data trafﬁc

€ 3,00

Unforeseen
costs

€ 11,00

Grand total

€ 150,00

So for the calculations of implementing the brick a price of € 150,-- is save. This includes a
small reservation for unforeseen costs.
In all these calculations the price of central server isn’t taken into account, also the fact that
there should be written a piece of software isn’t calculated either.
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8.2 Integration Process

T

he brick should be placed at existing parking places, which mean there are multiple
companies involved in placing the brick. The way the system should be paid can be
calculated with multiple tactics; one company can take care of the whole system or
the owner of a parking area and a navigation producer can work together. In the latest
scenario the costs of the system will be spread over two companies, which means that the
risk for a company is smaller and that there is more money available. Both companies have
proﬁt of the system because it’s an extra service for the navigation producer and it’s a way
of attracting more customers for the owner of a parking area. Therefore the investment can
be interesting for both companies. An example of spreading the costs is that the producer
of navigation systems pays the development of the brick and the complete central system,
and the owner of a parking area will buy the bricks for the price mentioned before.
In this case the costs for the owner of a parking area can be calculated using the price of €
150,-- per brick. The bricks are free of moving parts, so the lifespan will be relative long. But
for the balance of the company who buys the bricks it will be expected that the investment
will be depreciated after a maximum of ﬁve years. In case the investment is spread over
period of ﬁve year one brick would cost € 30,-- per year. A year consists of approximately
300 days in which the parking place is used quite often. If the parking place is used for an
average period of ten hours a day the costs of the brick per parking hour are: 30 / (300 *
10) = € 0,01. In that case the parking fee of that parking area should increase with one cent
per hour to pay off the whole car recognition system. This is a fully acceptable price for the
offered service. Presumably the price of the navigation system will increase little to pay the
central server. By spreading the costs of the server onto all buyers of a navigation system
the price will be acceptable.
In these calculations I assumed that the price of the system is spread over all the users of a
parking area. This is one option. Another way of paying the system is by letting the user pay
for using the system. This can be done by increasing the price of the navigation systems, so
that the buyer and user of the systems pay once a higher price. Another option is by charging a small fee for every search commands in the central database, and then the driver
who uses the system most has to pay the most.
The time span of integrating the system can be very short. The concept isn’t completely
worked out, that will cost at least an additional half year. And after that the product has to
be tested and manufactured. The total time span when this product can be available will
therefore be minimal one year. After that the system should be slowly integrated into the
existing parking areas. And this can easily be done within the ﬁve years which were one of
the requirements of the project.
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9. Conclusion and reflection
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9. Conclusion and reﬂection
The following table will show the requirements which were set at the end of the research
phase, and how those requirements are used inside the project.
#

Requirement

Solution

1

Correct advice

2

Clear
understanding

3

Cheap / free

4

Shouldn’t
distract the
driver

5

Fit in the
environment

6

Cheap
manufacturing

7

Less
maintenance
Flexible to
integrate

Using existing navigation
products which have proven their
punctuality
Adding a function to an already
existing device prevents that
people have to learn a complete
new product
Using existing products to keep the
system affordable, and the product
can be used on existing parking
places
The navigation system can work
with voice advice: the driver can
keep his eyes on the road. Inside a
parking garage the user only has to
look on the street: no distraction
By using a brick which lays in the
ground, prevents more object
along the street
Making use of simple technology
and proven communication
systems the price can be held low
No moving parts in the product
which will wear out
A complete stand-alone solution
which can be placed nearly
everywhere in the world, without
adjusting the infrastructure
Complete product is made of
polycarbonate, an extreme
durable and strong product
The car recognition is in the ground,
nobody can hurt himself to that

8

9

Strong

10

Save
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More
information

Completed
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T

his report has shown the ﬁnal product which came out of the Parking Jam project. The
project started from a personal experience with the problem, and therefore I wanted to
come up with a solution which is affordable. The solution which came out of the project
can be a good solution in my opinion. Although the solution seems a little ‘easy’ to develop,
it still doesn’t exist. That was also a surprise for me; I thought that such a system would be
available for a couple of years.
The project has shown me all different aspects of it, from the start principles like idea generating and problem deﬁnition till contact with experts and market orientation. In the project
I talked to a lot different experts on different areas. For nearly all parts of the project an expert helped me developing it. The contact with a lot of people thought me how important
it is to keep the concept that simple that it can be explained in a couple of minutes. Talking
with those experts is in my opinion the best and most efﬁcient way of acquiring knowledge.
Those people can tell exactly what is needed and it’s possible to discuss it. I also saw that
it’s difﬁcult to combine the requirements from all stakeholders. Some requirements work
against each other, and ﬁnding a solution to make both parties happy can be hard.
Overall I’m very satisﬁed with the results and progress of this project. Although it was harder
and more difﬁcult than I thought it would be when I started it. A good project has to consider such a large number of aspects that it’s nearly impossible to complete it for one person
in 18 weeks. Therefore it is important to make decisions and planning, without making good
and accurate decisions the project will get stuck in the ﬁrst weeks. Because of the lack of
time some areas aren’t worked out as far as others, but that can also be a good learning
experience to make the right decisions about what to do and what not. I think that based
on my competency development and goals which are set at the beginning of the project
the project can be called successful.
I worked with a lot of joy on this project, and it gave me a very good impression how a design process can go inside a company.

Roy Damgrave

More information:
- Appendix 11: Competency
Development Plan
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