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Abstract

This Project is abour using the mohils phone as an advanced Remote Control for & car, by
wstalling a central locking circuit that uses Bluetosih for commmnication. a user with
Bluetooth enabled mohile phone and tha appropriate software could lock/wilock the
doors and the switch, and fo tum the engine on/ofl;

The project uses Bluctooth technology to send commands (o the car, as a Bluetooth
already exists in the mobile phone, one Blustooth modyle is needed at the car, the
Bluetooth connection has ranges of 1, 30, or 100 meters, and the Implemented range in

this project is 30 meters,

Ihe project design has heen implemented in hardware and software. The final testing was
done on a real car and most resulty WETe 83 expected; the range of the system was about

20 melers without obstacles between the car and the phone, and down 1o 10 nmislers with

ohstacles.
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1.1 General Idea about the Project

This project is about making use of mobile phone as an advanced remote control for
e car, it will control the central locking system and the cars key switch. Also. the
mobile phone will be used to tumn on/olf the engine using Bluctooth as transmitting
ssediom.

A= impartant aspect of the project is to use the mobile phone as a general purpose

semote control. Also, it provides a good replacement for the cars ordinary remote

sentrol (as ordinary remote control units have a limited functionality) and provides
e ahility of tuming onfoff the car engine.

Asather important issue is thal making use of Blustooth in 2 car opens the way for

=any new ideas in the automation arca. Some of these ideas are provided in the future
wark

1.2 Project Objectives

T projects aims al achieving the following objectives:
* Use mobile phone as a remote control,

"

Develop an advanced remote control for the car,

* Inlerface mobile phone with control system using Bluetooth technology.

1.3 System and User Requirements

151 System Requirements

& user chooeses an operation (door lock) the program should send a

=ponding code to the control unil, the control unit interprets the code and curry
S operation meant by the code,




.1 User Requirements
= Eemotely lock/unlock car doors,
» Remotely lock/unlock car switch.

» Tum car engine on/oft.

1 33 Non-Functional Requirements

The svstem must achieve the following:

* Reliahility: A mohile phene for a specific car should not work with another
car that has the system installed.
» Security: Only the owner of the phone should be able to use it with s car,

not anyone else who could access the phone.

» Flexibility: The system should work with any Nekia 560 2™ edition or later
phone, not only with a specific model, and should be more flexible than
ordinary remole control.

» Simple user interface.

1 4 Literature Review

e most application implemented by Blustooth is wireless data transfer, especially
e wansfer. Another less common apphcation is the transfer of the remote control
weals; follows are some works that implements Bluetooth remote control, using

‘meiele phone or specially built circuit:

WseLontrol: A Bluetooth Remaote Conirol for the Sony Ericsson T610 Mobile
Fe Nl

e s of this project was to create an expandable [ramework for utilizing Bluetooth

‘ed mohile deviees to control applications running under MS Windows. [1]



= this project two soflware programs were developed, one is mnning on a MS
Windows, and the other on a mobile phone. No hardware was built: a Bluetooth
Songle attached to the computer, and a T610 mobile phone.

Bluetooth Remote Control... From Your Mabile Phone

LUsing mohile phone as a remote unit that logs temperature, locks door with a

password, and a tracking device, wirelessly via Bluetooth, [2]

%8s project contains three parts; in first part a Sony Ericson smart phone is usad to
el and log temperature via Bluetooth from a built circuit, in the second part any

et phone or Bluetooth enabled computer is used to lock/unlock a garage door with

& password, in the lust part a handheld computer is used to control a simple robot,

%= hardware of (his project is not built from scratch, instead a ready development
Sward that contains a Bluetooth module and a microcontroller is used,

Wecrooth Remote Control for the Traffic Applications

& Ssstooth handheld device used as an expedient tool for traffic police on the road to
ssmeol Urban Traffic Control System, [3]

s project 4 handheld device was built so that truffic police could use it to monitor
“hange the mode of operation such as Auto, Manual, and Flashing without
=2 Pohce Control Panel. This project is not educational: it's developed by
! Research Development Corporation in ndia

* A Versatile Remote Control and Pointing Device

Siee-wand is a small, pen-like device that can be used to control Bluctooth
o8 devices by hand-movements. [4]

= seovect a handheld device is built, this device uses Bluetaoth to send the hand
== (hand moved lefi, right, up, down, forward, or backward) to a Bluelooth




ssabled computer or smart phone. The device could be used as a remote control to for
=any consumer electronics (TV, MP3...), access control for machines and buildings,

o for video gaming. No receiving device is implemented, Jjust the handheld device
V5 transmitter).

1.5 Estimated Cost

5= total estimated budget for the systems is about 220 USD, divided as fallows:

——

Component ) Meguired Number | Price (US Dollar) |
_ Farani ESD200 Bluetvath

1
| Semart Phone 1
| _. FIC18F4550 Microcontroller |

Lfmﬂal Looking System | ! ] 30

. - j.
Elzctronic Components | - /f 20 7/
Fadfe L1 Estimaled Costs

X0
120

15

1.6 Risk Management

141 Project Risks
Waer msks we have determined for this project are as follows:

= Hiness/Death of a Staff Member.
= Computer ('rash
- Late Delivery
= Technology will not Meet Specifications
- Changes in Reguirements
Lack of Development Expenence




1.6.2 Risk Mitigation, Monitoring and Management

Ssk: Computer Crash

= Mitigation
The cost associated with a computer crash resulting in a loss of data is eruecial.
A computer crash itself is not crucial, but rather the loss of data. A loss of
data will result in not being able to deliver the product. As a result we are
taking steps to make multiple backup copies of our works in development and

all documentation associated with it, in multiple locations.

= Monitoring
When working on the project or documentation, we shauld alwiays be aware of
the stability of the compuling envirenment they are working in.  Any changes

i the stability of the cnvironment should be recognized and taken seriously.

= Manzgement
The lack of a stable-compuling environment is extremely hazardous to a
software development tcam. In the event that the computing environment is
found unstable, we should cease work on thal system until the environment |8
made stable again, or should move to a svstem that is stable and continue
working there.

el [aess/Death of a Staff Member

= MEmization
T5e problem associated with an illness/death of a staff member 15 crucial,
An illness/death of a stall member will result in not being able 1o deliver our

seoject in the time.



= Monitoring

When working on the project or documentation, the staff member will divide

the works on three instcad of two; this will reduce the effect of having
shortage in our staff

* Management

The illness/death of a staff member is extremely hazardous to our team.
Having external staff is not allowahle,

Wsk: Late Delivery

-

= Mitigation

The cost associated with a late delivery is critical. A late delivery will result in
receiving a failing grade for the coursc. Steps have been taken to ensure a

umely delivery by estimating the scope of project based on the delivery
deadline,

= Moaitoring
A schedule has been cstablished o monitor project status. Falling behind

schedule would indicate a potential for late delivery, The schodule will he
Sllowed closely during all development stages.

= Mamagement

Late delivery would be a catastrophic failure in the projeel development. I the
groject cannol be delivered on time then we will not pass the course. If it
Secomes apparent that the project will not be completed on time, the only

sourse of action available would be to request an extension to the deadline
Som the university,



Risk: Technology Does Not Meet Specifications

Mitigation
o order to _prevent this FHom Lpnpeing masstizes Y S Sedd sreh cue
Wgenmsor. This msures that the project we are developing and the

spesifications of the supervisor are equivalent.

Meastoring
“5e mectings with the supervisor should ensure that {he supervisor and our

“=am understand cach other and the requirements for the project.

= Management
Should the development team come lo the realization that their idea of the
product specifications differs from those of the supcrvisor and university, the
supervisor should be immedialely notified and whatever sleps necessary lo
rectify this problem should be done. Preferably a meeting should he held

between our teamn and the supervisor to discuss at length this issue.

W& Changes in Requirements

= Mitigation
In order to prevent this from happening, meetings will he held with our
supervisor.
This insures that the project we are developing and the specifications of (he

supervisar arc equivalent,

= Monitoring
The meetings with the supervisor should ensure that the supervisor and the

university and our team understand each other and the requirtements for the

project.




‘Semgement
Shoald the development team come to the realization that their idea of the
st specifications differs from those of the supervisor and university, the
sspewisor should be immediately notified and whatever steps necessary 1o
WL thos problem should be done. Preferably a meeting should be held

Sstwecn our team and the supervisor to discuss at length this issuc.

Lack of Development Experience

—
= order to prevent this from happening, our team will be required to leam the
“=guages and techniques neccssary lo develop this project. The member of
@ leam that is the most experienced in a particular fucet of the development

sz will need to instruct those who are not as well versed.

= Mesaitoring
Sach member of our team should watch and see arcas where another team
membor may be weak. Also if one of the members is weak in a parlicular arca

# should be brought to the attention by thut member, to the other members.

= Mamagement

The members who have the most experience i g particular area will be
required 1o help those who don’l. Tn some circumstances, the experienced

member will take the rule of the inexperienced member,
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1.5 Report Contents

“Rapter 1: Introduction.

“8e first chapter provides a general idea sbout the project and lists the project

Spectives, nexl sonie previous warks are provided, and then the time schedule and

10




= sstimated budget breakdown are given. Finally the project risks are listed there
maragement plan.

“Rapier 2: Theoretical Background.

"% second chapter is a theoretical background related to the main idea of the project

SnE s software and hardware components,
“Wapter 3: Project Conceptual Design,

%= chapter deseribes project objectives in some detail, the overall system design
seees as well as ils components are provided, the general block diagram is
Ss=mbed, and the how the system interacts with ils surrounding environment.

“Sapter 4: Detailed Technical Project Design,

W8 chapler provides a detailed description of the main three phases (input,
esssing and output) for the project as a whole, Then a description of the subsystem
s design and schematics. The complete system schematic is given next with a
e Sescription of the system desipn. And lastly a view of the svslem user interface.

=r 5: Software System Design,

“tapter gives a description of the design of the microcontroller program, the

&= which will receive and decode the message send from mobile phone, send

% o the Bluetooth module, and also will initiates commands to the car's

= locking system hardware. Also the design of the smart phone program is
Wscsssed, and the sollware packages used.

“Sapter 6: System Implementation and Testing,

sx discusses the actual implementation of the project, and the various testing

of the system! components testing, subsystem testing and integrated testing,
w7t Software System Design.

= chapter seven, the conclusion is given along with some suggestion and

a=velopment for firure work.
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sduction

wi=a of this project is to use the mobile phone as an advanced remote control for a ear,

ssialled on the phone will use the phene's Bluctooth to communicate with anvther

Sl installed in the car, the car's Bluetooth will pass received

= that will interact with car’s hardware,

commands o g

e we will discuss the main technologies that will be used

in designing and
&= svstem

tical Background

Mobile Phone

i 2 mobile phone offering advanced capabililies beyond & tvpical mobile phone,
C

-Ske functionality, There is o industry standard definition of a Smartphone. For
L8 Sserohone is 3 phone that runs complete operating svstem software providing a
< @terface and pladorm for application developers. For

others, a Smartphone is
$homs with advanced features, [5]

% the sbove definition, The Mobile Phone used in the project could also be called

* & iLruns & complete OS and has some advanced features.

8 Maddle Phone Software
Spmbian 05

OS s the advanced, open operating system licensed by the world’s

leading mobile
mScturers. [t is desipned for

the specific requirements of advanced 2G, 2.5G and 3G

Szl cellular telecoms networks that are based on the Global System for Mobile

“eons ) mobile phones, Symbian OS combines the power of an inlegrated applications
= with mobile telephony, bringin g advanced data services to the mass matket. [6]

13




05 Architecture

LB e gt T

Figure 2.1 Symbian OS Architecture

& S central manager and arbiter of Symbian 0S. It manages the system memory and

peograms [or execution. It also allocates shared system resources and handles any

B St requires privileged access to the CPU. The kemel can be extended via
Libraries (DL.Ls) and device drivers,

£ SBeacies conizin APIs that provide functionality such as string manipulation, linked

Sstshase management, error handling and timers. The base libraries also provide
e Snctions (e.g, thread control and client server communications). This library is
= =pplications, but alsa by the 08 COMPONCHLS.

| Fremework

Samework implements the base functionality of the phone’s graphical user

swons. This includes a framework for handling the GUI itself and an architecture
“=diing non-GUI related application functionality,

14



seations architecture

Swmemmications architecture consists of the APIs and framework that implement data
wations, This includes TCP/IP over cellular radio as well as local communication
soch #s Bluetooth, IR, and USB. Also included is the messaging framework for support
S SMS, MMS and email messaging. [7]

ime on Svmbian OS

e muinple platforms. based upon Symbian OS that provide an SDK for application
3 wishing to target a Symbian OS device — the main ones being UIQ and SG60.
= phone products. or families, ofien have SDKs or SDK extensions downloadable from

scturer's website too. The SDKs conlain documentation, the header files and library
= 1o build Symbian OS software, and & Windows-based emulator ("WINS"). Up until
OF wversion 8, the SDK: also included a version of the GCC compiler (a cross-
© ssouired 10 build software to work on the device.

= OF 9 uses a new ABI' and so reguires @ new compiler — a choice of compilers is

setading & new version of GCC. In terms of SDKs, UIQ Technology now provides a
=t Saenework so that the single ULQ SDK forms the basis for developing on all UIQ) 3
2% & the Sony Ercsson P990 and Sony Ericsson M600O,

programming is commonly done with an IDE. For previous versions of Symbian

ereial [DE CodeWarrior for Symbian (S was favored. The CodsWamor tools

§ during 2006 by Carbide.ct++, an Eclipse-based IDE developed by Nokia.
Studio 2003 and 2003 also supported through Carbide vs plug-in.

VENET. and C# development for Symbian were possible through AppForge
g for Microsoft Visual Studio.

% verzion of a Borland IDE [or Symbian OS. Symbian OS development is also

% and Mac OS X using tools and techniques developed by the community, partly

B=ery Inlerface
15




"ol by Symbian releasing the source code for key tools. A plug-in that allows development

SmBian OS applications in Apple's Xecode IDE for Mac 0OS X js available,
Seveloped, Symbian OS applications need o find a roule o customers' mobile phones,

#= packaged in SIS files which may be installed over-the-air, via PC conmeet or in some

¥ Bluctooth or memory cards. An alternative is to partner with a phone manufucturer to

= software included on the phone itself. The SIS file route 18 more difficult for Symbian

Secause any application wishing to have any capabilities beyond the bare minimum must
=% viz the Symbian Signed program,

-

spplications for Symbian Q8 are devecloped using standard techniques and wols such as
Seva Wireless Toolkit ( formerly the J2ME Wireless Toolkit). They are packaged as JAR
B Swssbly JAD) files. Both CLDC and CDC applications
=tz mclude SuperW
2 Nokig

can be created with NetBeans,
aba, which can be used 1o build Symbian 7.0 and 7.05 programs
560 phones can also run python seripts when the interpreter is nstalled, with a
== APLthat allows for Bluetooth support and such. There iz also an interactive console
8 user to write python scripls directly from the phone, [8]

- 550 Platform

S Platform (formerly Serics 60 User Interface) is a software platform for mobile phones
& Symbian OS, 360 is currently amongst the leading Smartphone platforms in the world.
=oped primarily by Nokia and licensed by them to other manfaclurers.

are 3 few comunon features in S60:

* Devices' display resolution is originally 176x208. Since 2nd Edition Feature Pack 3, S60

smports multiple resolutions, ie. Basic (176x208), QVGA (240x320) and Double
(352x416),

0 aawaRts Yeve (UDNEE WEDR 1O COMMORY, vt vanes from
applications and Symbian C+= applications,

phone 0 phone.)

* Ceriain bullons are standardized. such as lofi and right select, Menn. Clear, and Inpat
Settings.

16




- Whee have been three releascs of S60: "Series 60" (2001), "Series 60 Second Edition" (2004)
M “Senes 60 3rd Edition" (2005).
% & soteworthy that software written for S60 1st edition (860v1) or 2nd edition (SG0v2) is not
Sy compatible with 860 3rd edilion (S6(v3). because it uses a new, hardened version of the
Semtean 05 (v0.1), [9]

2113 Symbian C++

% the primary language for software development on Symbian OS since it provides the
' eificient and natural interface lo the system level frameworks and APls which themselves
wntten in C—, In fact, Symbian OS itself is written almosl entirely in C++ When

seoping Symbian software, you'll be using many of the standard C— language features,
~tmg mhentance, encapsulation, virmel functions, function overloading, and templates,

= Language features are not only used for implementing your application logic, bul alsa in
% e system APTs, For example. some APIs ure abstract classes that vour application classes

=herit from and extend their functionality as needed. Other APIs are classes that are
ssated and used directly. Still others are simple function calls implemented as static class
S0cs that can be called directly in the same manner as C-based APIs — no class instantiation

msmred (the static API class User is a good example of this),

sesh Symbian OS uses many of the object-oriented features of CHt, some of iis
=omality is implemented in nonstandard ways. This can require an adjusunent, even for
smenced C++ programmers. For example, Symbian implements its own exception-based
wsism for handling errors such as low memory conditions in place of the C++ (hrow/catch
Seon feature. Also, Symbian OS does not use the Standard Template Library (STL) and
a8 Bas Symbian OS-gpecific implementation classes for functions such as string
s=i=tion and complex collection types. Symbian decided on this course for a variety of

% ncluding making the implementation more efficient for resource constrained devices. [7)




112 Wireless Networking

While the term wireless network may technically be used to refer to any type of network that is
wireless, the term is most commonly used to refer to a telecommunications network whose
micrconnections between nodes is implemented without the use of wires, such as a compuler
aetwork (which is a type of communications network). Wireless telecommunications nelworks
sre generally implemented with some type of remote information transmission system that uses
sisctromagnelic waves, such as radio waves, for the carrier and this implementation usually takes

place at the physical level or layer of the network. [10]

There are many types of wireless networks: most common are wireless LAN, wireless MAN, and
wireless PAN.

A Personal Arca Network (PAN) is u computer netwerk used for communication among
computer devices (including telephones and personal digital assistanis) close to one person. The
devices may or may nol belong to the person in question. The reach of 2 PAN is typically a few
meters. PANs can be used for communication among the personal devices themselves

(intrapersonal communication), or for connecting 1o a higher level network and the Internet (an
aplink).

The standards dealing with wireless LAN, MAN, and PAN are referred o 1IEEE 802. The
wervices and protocols specified in IEEE 802 map to the lower two layers (Data Link and
Physical) of the seven-laver OS] networking reference model.

IEEE 802 is divided into a number of working groups, cach working on a specific technology
sslated to networking. the 11" group (802.11), for example, deals with WLAN, and the 15"
soup (802.15) deals with WPAN.

2.1.2.1 Bluetooth

Bluctonth wireless technology is a short-range communications system intended to replace the

sahle(s) connceting portable and/or lixed electronic devices. The key features of Bluctooth
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wireless technology are robustness, low power, and low cost. Many features of the core

specitication are optional, allowing product differentiation.

The Bluetooth core system consisls of an RF transceiver, baseband, and protocol stack. The
w=rem offers services that enable the connection of devices and the cxchange of a variely of

wiass=s of data between these devices. [11]

Seooth media access is hused on a frequency-hopping sclieme allowing many independent
seme-to-multipoint connections in the same physical space. Through separate inquiry and paging
esssss, o master deviee searches for and connects with a slave device in range, resulting in a

oot

Fipuner #1

S | Master : _ Picingl #2

utmk .

Figure 27 Bfue}n;w:.l;. Canrection

4= micresting case arises when a master device must allow for new incorming connections. Such
+ Svice can advertise itself as a potential slave, and when a connection occurs, 1t may request a
‘sster-slave switch, ensuring its role as master for all connections. Figure 2.4 illustrates the

sescorary scatternct that occurs in this case,

[ Bluetooth Profilcs

orier to use Bluetooth wireless technology, a device must be able to interpret certain
wetsoth profiles. The profiles define the possible applications. Bluetooth profiles are general
sviors through which Bluetooth enabled devices communicate with other devices. Bluctooth
smology defines o wide range of profiles that describe many different types of use cases. By
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following a guidance provided in Blustooth specilications, de

i ' velopers can create applicati

Bluetooth specification.
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The two general Bluetooth profiles described rext form the basis for any user models and their

profiles. The profiles also provide the foundation for future user models and profiles.

Generic Access Profile (GAP)

GAP provides the basis for all ather profiles and defines a consistent means to establish a

saseband link between Bluetooth enabled devices,

2 addition o this, GAP dafines the following:
» The features must be implemented in all Bluetnoth devices
» Generic procedures for discovering and linking to devices
= Basic user-inlerface terminology

4P ensures a high degree of interoperability between applications and devices. It alsn makes it

weer for developers to define new profiles by leveraging existing definitions.

AP handles discovery and establishment between devices that are unconnected. The profile
Senes operations that arc generic and can be used by profiles referring 10 GAD and by devices
=elementing multiple profiles. GAP ensures that any two Nluetooth enabled devices. regardless
o manufacturer and application, can cxchange information via Bluetooth technology in order to
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Siscover what type of applications the devices support. Bluetooth enabled devices mol
conforming lo any other Bluetooth profile must conform te GAP to ensure basic interoperability

#nd co-exislence.

Serial Port Profile (SFPF)

SPP defines how Lo set-up virtual serial ports and connect lwo Bluetooth enabled devices. SPP is
sased on the ETST TS07.10 specification and uses the RFCOMM protocol to provide serial-port
smmlation. SPP provides a wirgless replacement for existing RS-232 based serial
ss=munications applications and control signals, SPP provides the basis for the DUN, FAX.
S5F and LAN profiles. This profile supports a data rate up to 128 Kbit/sec. SPP is dependent on

=
o2 1.2 Bluetooth Protocol Stack

e Seart of the Bluetooth specilication is the Blustooth protocol stack. By providing well-
e lavers of functionality, the Bluetooth specification ensures interoperability of Bluetooth
ses and encourages adoption of Bluetooth technology. As seen in Figure 2.3, thesc layers
e Som the low-level radio link to the profiles.

5 Sese ol the Bluetooth protocol stack is the radio layer. The radio module in a Bluetooth
e s responsible for the mwodulation and demodulation of data inte RF signals lor
ion in the air. The radio layer describes the physical characteristics a Bluetooth device’s
s-iransmitter component must have. These include modulation characteristics, radio

=cy tolerance, and sensitivity level.

[ .mﬁ“:ﬂﬂ'} 'y Figilia, _l

;-.-I-m-

[ )] [wcom ]

Eigure 2.4 Bluetooth Protocol Stack
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Feetonth Core Protocols
Berhand

=% Basehand and Link Control layer cnobles the physical RF link between Bluetooth unils
Lr—ing u piconet. This layer conirols the Bluctoath unit's synchronization and transmission
seseency hopping sequence. The two different link tvpes defined in Bluctoath, Synchronous
“emection Oriented, SCO, and Asynchronous Connectionless, ACI, described in the section
L=k types are also managed by this layer. The ACL links, for data, and the SCO links, mainly
- sudio, can be multiplexed to use the same RF Tink.

Sest Controller Interfuce, HCI

"= Host Controller Interface, HCI, provides a uniform interface method lor accessing the
% tooth hardware capabilities. It contains a command interface to the Baseband controller and

=k manager and access to hardware slatus. Finally, it contains control and event registers.
Link Manager Protecol, LMFP

e Link Manager Protocol, LMP, is responsible for link set-up between Bluctoath units, It
ndles the control and negotiation of packet gizes used when transmitting data. The Link
\anager Protocol also handles management of power modes, power consumption, and state ol a
Sustooth unit in a piconet. Finally, this layer handles generation, exchange and control of link

w4 encryption keys for authentication and encryption.
Service Discavery Protecol, SDP

The Service Discovery Protocol, SDF, defines how a Bluctooth clicnt's application shall act to
“ecover available Bluetooth servers' services and their characteristics. The protecol defines how
s client can search [or a service based on specific attributes without the client knowing anything
¢ the available services. The SDP provides means for the discovery of new services hecoming
+silable when the client enters an arca where a Bluetooth server is operating. The 5DP also

~rovides functionality for detecling when a service is no Jonger available.




“able Replacement Protocols
EFCOMM

= RFCOMM protocol is a serial port emulation protocol. The pratocol covers applications that
==k= use of the serial ports of the unit. RFCOMM emulates RS-232 conirol and data signals
#= the Bluctooth baseband. Tt provides transport capabilities for upper level services, e.g
52X that use a serial line as the transport mechanism,

Sdapted protocols

Wamy other protocols are defined to be adapted, this includes but not limited to: PPP (Point-to-
St Protocol), TCP/UDP/IP, OBEX (Obiect Exchange), WAP (Wircless Access Protocols).

-

- - .

s .3 Biuetooth Alr Interface

% mest the requirements for the air interface a frequency hand between 2.400 and 2.500 Gllz
s seiected. Thus, the requircments regarding operating worldwide support for both data and
=t and the limitations regarding physical characteristics (size and power conswmption) were
~wwemed. This radio frequency band is the Industrial-Scientific-Medical, ISM band and ranges in
“mpe and the USA from 2.400 to 2.4835 GHz (in France and Spain only parts of this range are
shle). As a result, Bluetooth deviees must be able to act in the range from 2,400 to 2.500
= and be able fo sclect a segment in the 1SM band within which they can act. The 1SM band is
W= o any radio system. Cordless telephones, garage door openers and microwave ovens
Smssie n this band, where microwave avans are the sirungest source of interference. Blustooth
s sonncel o each other forminyg a so-called piconet, consisting of up 1o eight active Bluetooth

sy hopping is literally jumping from fraquency to frequency within the ISM band. After

sscoth device sends or receives & packet, it and the Blustooth device or devices it is

23




packel is sent. This scheme has

~smmunicating with “hop” to another frequency pefore the next

three advantagas:

« It allows Bluetooth devices to use the entirely of the available ISM band, while never

transmitting from a fixed frequency for more than a very shorl time this ensures that
Bluetooth conforms to the TSM restrictions on fransmission quantity per frequency.

» It ensures that any interference will be short-lived. Any packet that docsn't arrive safely at

its destination can be sent again at the next frequency.

» It provides a base level of security because it's very dilficult for an eavesdropping device

ta predict which frequency the Bluetooth devices will use next.

“he connecled devices must agree upon the next frequency to use. The Bluetooth specification
susures this in two ways, First, it defincs a master-slave relationship between Bluetooth devices.
Second, it specifies an algorithm thal uses device-specific information to caleulate frequency-hop
s=quences,

% Slustooth device operating in master mode can communicate with up to seven slave devices.
o cach of its slaves, the master Bluetooth device sends its own unique device address (similar to
= Ethernel address) and the value of its internal clock. This information is used to calculate the
“=cuency-hop sequence. Because the master device and all its slaves use the same alporithm

Wi the same initial input, the connected devices always arrive together at the next frequency.

Fower Consumption

45 2 cable-replacement technology, 1t"s not surprising that Bluetooth devices are usually ballery-
swwered devices, such as wireless mice and mobile phones. To conserve power, most Bluetooth
“=ces operate as low-power, 1 mW radios (Class 3 radio power). This gives Bluetooth devices
& mmge of aboul 5-10 meters, This range is far enough for comfortable wircless peripheral
“smmunication but close enough to avoid drawing too much power from the device’s power
wiee. With 2.5 mW (Class 2 radio power) the range is exlended to 10-30 meters, And with 100

W (Class 1 radio power) the range is about 100 meters.
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Sectooth Networking

Shen Bluctooth units are communicating, one umil is master and the rest of the units act as
saves. The master unit's system clock and the master identty ars the ceniral paris in the
Sequency hop technology. The hop channel is determined by the hop sequence and by the phase
= this sequence, The identily of the master determines the sequence and the master unit's system
“i=ck determincs the phase. In the slave unit, an offset may be added to ils system clock to creale
s copy of the master's clock. In this way every unit in the Bluetooth connection holds
syachronized clocks and the master identity, that uniquely identifies the cormection. Hop carviers
“sve been defined for the Bluctooth technology cxcept for France and Spain where 23 hop
sarriers have been defined, because the ISM-band is narrower there.

The Bluetooth packets huve a fixed format. A 72-bit access code comes first in the packet. The
wecess code is based on the master's identity and the master's system clock, ie. it provides the
—cans for (he synchronization. This code is unique for the chanmel and used by all packets
ssnsmitting on & specific channel. A 54-bit header follows the access code. This header contains
wor correction, retransmission and flaw control information. The error cortection information
~=n be used for correcting fiulls in the payload snd in the header itsell. Finally comes the
savload field with anything between zero and 2,742 bits, Le. up to 340 bytes.

12.2.1.4 Bluetooth Advantages

ke Bluetooth concepl offers several bencfits compared with other techniques, The main
sivantages of Rluetouth are:

» The minimal hardware dimensions
« The low price on Bluetooth components

» The low power consumption for Bluetooth connections
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- ~=3 Central Locking System

sentral locking system locks and unlocks the doors as well as the luggage and engine
seriments. When the doors are lecked, inside release knobs are al| lowerad. If airbags inflate
* sccident, all doors are automatically unlocked. Additional safety seftings offer extra
=wicnce: automatic locking of the luggage compartment or safety central locking. Then all
® and the luggage compartment are then locked automatically when the car is driven at a
= of 10 Kilometers an hour or faster for example, The luggage compartment locks when the
= Ercater than 5 knvh and the safety central locking only initially allows only the driver’s

= be opened. A second opening movement opens the remaining doors as well as the

s===al locking system consists of a collection of wires and motors, and a control unit, the
| wait receives messages from a remote control, interprets the signal, and sends electrical

@ the motors connected o it. The communication between the remote control and the
&9 1s done via Radio Frequency.

% pert of this projeet is to design a control unit that uses Bluetooth 1o conneet to the remote
* 2 mobile phone in this case)

o v e i e
—__'?h..._;m-_m—m

1.1.3.1 Door Locking Circuit

When the door is turned in the driver’s door-lock, all the other doors on the vehicle should also

lock. Motors usually achieve this.




Diviver's doar
Ik swilch |
Figure 2.6 Door Lock Cireuii

Tieure 2.8 shows door lock circuit, 2 main control unit contains relays which are actuated by a

2oor lock switch or the remote infrared key (remote control), the motors a1 each door are simply
wired in parallel and all operate at the same time.

‘nfrared central door locking is controlled by a small hand-held transmitter and an infrared
receiver unit as well as a decoder in the main control unit. This layout will vary slightly between
<ifferent manufactures, When the infrared key is operated by pressing a small switch, a complex
code is transmitted. The infrared sensor picks up this code and sends it in an electrical form to
e main control unit. If the received code is correct, the relays are triguered and the door-locks
ze cither locked or unlocked. If an incorrect code is received on three consecutive occasions
when attempting to unlock the door, then the infrared system will switch itself off until the doar
= opened by key. This will also reset the system and allow the correct code to operate the lock

2zain. This technique prevents a scanning type transmitter of being used (o apen the doars. [13]

2.3 Project Integrity

The wireless communication in the system i3 camried out by a Bluetooth class 2 device
‘maximum power outpul is 2,5mW), in relation to health concern, class 2 devices arc considersd
of less potential hazard than mobile phone for example.

“he systemn also will increase the car's safety by locking the switch with a password system that

= only accessible by the user's phone.
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2.4 Theoretical Background about Project Components

2.4.1 PIC Microcontroller

Harvard architecture microcontrollers made by Microchip Technology, derived from the
FIC1640 erigmally developed by General Instrument's Microelectronics Division. The name PIC
=stially referred to "Programmable Tnterfece Controller”, but shortly thereafter was renamed
“Frogrammable Intelligent Computer”.

#ICs are popular with developers and hobhyists alike due to their low cost, wide availability,
arge user basc, exlensive collection of application notes, availability of low cost or free

“cvelopment tools, and serial programming (and re-programuming with flash memory) capability,

=.5 Summary

@ this chapler a theoretical backpround related 1 the main idea of the project including a
=ctailed discussion of smart phones technology and an overview of the wirsless communication
s networking and Bluetooth technology was presented followed by a theoretical background
shaut project components.
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3.1 Introduction

= ihis chapter a detailed description of the project objectives and the design block diagram is
#ven. Also the various design options lor the system and its components are discussed. The data
Sow diagram and the use casc sequence diagram are provided. Finully a description about how

S system interacts with the surrounding environment.

2.2 Detailed Project Objectives

* Use the mobile phone as a remote control,
Write sollware that will make use of the phones Bluetooth to control another device,

*  Develop an advanced remole for the car,
Most of the cars have limiled remote contrals that lock/unlock doors; the advanced
remate control will extend this function so that it will lock/unlock the switch and start or

shutdown the ear engine,
* Interface the mobile phone with a control unit using Bluetooth technology.

Use the Bluetooth as a connection medium belween the phone and car.

3.3 Design Options

3.3.1 System Design Options

Sclow is the possible ways of interfacing the mobile phone with the contral unit installed in the

car;

1.3.1.1 Using Infrared

= this option a mobile phane with infrared capability is needed 1o connect to anather infrared

st installed in the car, the main disadvantuge here is that no obstacle should exist between the




car und the phone or the infrared connection will not be ava

table, Also, few mobile phones have
ouilt in infrared port,
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Figure 3.} Using Infrared

1.1.2 Using Peer Mobile through GSM Network

5¢ remote mohbile
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1 Using Bluetooth Microcontroller
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3.3.1.4 Using Bluetosth Module
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Figure 3.4 Using Bluetooth Module

3.2 Hardware Design Options
=3.2.1 Mobile Phone

“5¢ options for a mohile phone are limited, the Nokia 6630 smart phone was chosen because
o5t of smart phones in the local market are form Nokia, and the 6630 model is already
vzilable with the team. The Nokia 6630 is Nokia's first Third Generation phone based on
pymbian OS B.1, It featurcs always-connected email, mobile broadband access for multimedia
pontent, live video sireaming, video conferencing, und Bluetooth 1.2, Tt has 220 MHz processar,
2 MB built-in memory, and 512 MB MMC memory card.




Figure 3.5 Nokia 6630 Smart Phone

=2 Bluctooth Module

Sluctooth module is a transceiver that connects the phone with a microcontraller. There are

» Bluctooth modules available; the Parani ESD200 Bluetoath module was selected among

Sllowing modules:

von Bluetooth module ROK 101 107

Figure 3.6 ROK 107 107

Ericson Bluetooth module was used in most of previous projects related to Bluetooth, one
d advantage of it that it can communicate with the host device through USB, UART and RS-
We cannot find any place that sells this, as the manufacturing of it seems to be discontinued.




Parani-ESD200 Bluetooth module

Figure 3.7 Parani-ESD200

Pareni-ESD200 is Class 2 lype ol Compact Embedded Bluctooth Serial Modules for RS§-232

replacement. Tt supports 30 melers of wircless transmit distance. This module w
IU's available in the market.

fs chosen

irefree KC-21 Bluetooth module

el s e 1))

Figure 3.8 KC-21
of the most capable Bluetooth modules available, the KC-21 Bluetooth OEM (Original
: t Manutacturer) Madule is designed for maximum flexibility. The KC-21 module
s 14 general purpose input/output lines, and offers high speed serinl communications up

21K baud. The KC-21 is a surface mount PCR module that provides fully embedded. ready

== Bluetooth wireless technology. The reprogrammable flash memory contains embedded

are for serial cable replacement using the Bluetooth SPP profile. Other
s are available. [14]

popular Bluetooth

SC-21 has a built-in 48MHz ARM7 microprocessor with 8MB flash memaory, built<in
and range up to 20 meter.

Microcontroller

=hoices of @ microcontroller are directly related to the chosen Bluetooth module, as the

%0 was chosen, a microcontroller that is capable of communicating with it is needed. The
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£SD200 is able to communicate with the hos! device using the UART, so an ¥ mictocontroller
with a serial port is Lood.

ke PIC18F4550 was chosen because of ity tollowing features:

* [Ideal for low power {nanoWatt) and Connectivity applications,

The availability of three serial ports; FS
and SPI (Serial Po

-LISB( 12Mbit/s), O
It Interface) up to 10 Mhiys
(Enhanced Universal S:mchmnuus.-'mjmchru

(Inter-Integraiad Clrenit)
» and an asynchronous sarjal porl ELISART

nous Receiver Transm; tier),
Large amounts of Ram memory for buffering and

make it ideal for embedded contrgl

connection with a {legacy fi

Enhanced Flush program memory
and monitoring applications that require periodie

ce) personal computer via USR for data uploadidow

nlgad
and/or (immware updates. [15]

© chosen operating System is direetly related to the smarl phone, Two

Popular operating
Siems were considercd. the Microsoft Windows Maobile, and the Symbian O

.
ficrosoft Windows Mobile i much easier

for programming because of the used languages
‘isual Rasic, Visual C#...), and the devel

oping is much similar to devel oping an MS Windows
torm, However, the phones that support

it are not widely availahle iy the
expensive.

local market, and

mbian OS smart phones, on the other hand, are widely availahle in the
software platform hased on Symbian

1 phones, and the User

Middle East. There arc
08; the S60 User Interface developed by Nokia for jts

Interface Quartz (17 [Q) developed for Son y-Ericson, the Tater is based

fouch screen while the S60 is based on navigetion keys as an input device.

the Nokia 6630 smart phone was chosen, the $60 T platform will be usged,




3.3.3.2 Programming Language

Two widely used programmung languages for Symbian OS are considered.

Ihe J2ME (Java 2 Micro Edition) is most appropriale for developing applications that do no

Sced to interact with the low [evel finctions of the phone (such as Bluetooth) and is easier in

eeneral. On the other hand, the Symbian C++ gives much more power 1o access the low level

foutines ag il is the language used to write the Symbian OS.

3.4 Design Realization Approach

i project design will be implemented in hardware and software: the project will

be installed in
real car and a smart phone, where evaluation and

lesting are to be applied.

S Project Design Block Diagram

lowing is the general block diagram of the systern. A mobile phone nses Bluetooth 1o

municate with a control unit installed in the car; the control unit interacts with the car to

form the requited operation,

T ——

e
Eﬁ‘ Bluetooth . — |
’;%. s ) Control Linit I-f'__*i-l Car Hardware
J,.__;:jﬂ ; |
A |

. el I
Figure 3.9 General Blork Diggram

block diagram of the control unit consists of three main parts: a Bluetosth module connected

ily 10 a micracontroller, a microcontroller used lo process received data,

and a ciremnit
ected Lo the microcontroller that w

1l carry out the actions.
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3.6 System Modeling

3.6.1 Use Cases

TW0 use cases are related to the systcm:

* The car owner launches the remote control application on

comresponding cods 1o conirp) unit that carry out the oOpera

L
CE-E::r i%%l Jﬁj‘
o] S W

1-Eﬂ;hmu{mm%ﬁ AT TR A ey i = ...'
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the mohile nhone, provides the
password for logging m, and chooses to lock/unlock the door, the phone sends the

tion (Figure 3,12),




* The car owner launchese (he Fetnote control application on the mobile phone, provides the
password for logging in, and chooses 1o lock/unlock the switch, then provides the PIN
(Personal Tdentification Number) tor Jocking"ualm:khg the switch, the phone sends the
corresponding code 1o control unit that carry oul the operation (Figure 3.13),
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Figure 3,12 Second Use Case Sequence Diagram

2.7 Project Interaction with the Surrounding Environment

This project uses Bluetooth technology for wircless communication between the remote congrol
e the car, as stated carlier; the Bluetaoth Operates in the 2.4 GHz band, this band is unlicensed;
s means that it is not reserved for g speeific wirgless technology, so it's used by many devices
Sxh a5 microwaye Ovens. cordless phones, and some remote controls for toys. Deviges working
= this band are mors lkely to sharc the same frequency at the same time, so g technology is

seeded to detect and avoid this mnterference,

fortunately, this is handled automatically by the Bluetooth module (ingide both the car and the
=obile phone). A Frequency Hopping Spread Spectrum is used, the two devices using the
Sluetooth cormection changes the frequency 1600 times per second; cach time, a frequency is
sclzoted randomly form 79 frequencics in the 2.4 GHz band.
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3.8 Summary

“a this chapter we provided a detailed project objectives, discussed the design options of the
Syslem and its components and ressoned why we choose a specific option, the block diagram of
ihe system was given, the dals flow and use cuse models were shown, and [inally described the

r=alization approach and how the system interacts with the surrounding environment.
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4.1 Overview

5 this chapter a detaileg description of the main thrce phases (input, Processing and output) is
sven for the project ag g whole, Then 3 description of the subsystem detailed desien and
<hematics, The comiplete system schematic i given next with a brief deseription of the Svilem

==1gn. And lastly a view of (he SYsem user interface.

=.2 Detailed Description of Praject Phases
sire 4.1 shows the main phases of the system:

* The input to the system could be of two Lypes: & sensor signal from the door (door is
open or close) and switch (switch is on or off}, and 2 command from the user transmitred
wirclessly by the phone via Bluetooth. The Sensor signals are fransforred o the
microcontroller via an eptocoupler connected directly fo the imput port of the

mictocontroller, and the commands via Bluetooth moduj toinected to the serial pary,

* The processing is done ar the microcontroller thar takes actions with regard 1o the SENSOY

signals and the yser commands,

*  Output of the system goes 10 the central lecking mator in the main door, to the swiich,
and to the flashers. Tha output of the microcontroller is control signals that drive g

number of relays which wilj carry out the desired operation.

* The power neaded for the system is provided through the car 12V DC battery, most of
the system companents needs no more than SV DC. sv a vollage regulator is needed. The
voltage regulator provides POWEL to many components in the system. The Bluetooth

module needs a special 3V regulation cireuit,
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Figure 4.1 Detailed Block Diagram

4.3 Subsystem Detailed Design

4.3.1 Optocoupler

Sccause the signal coming from the doorfswiteh sensor is 12V DC, and the micracontroller

==mot hold this vollage, an optocoupler (uka phototransistor) is needed to transfer the signal to
=ie nucrocontroller bur keeping it isolated from the sensors,

e circuit for the switch sensor 1s the same as the figure below.
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Fzom Door Seneor

To Microddntokl et

Figure 4.2 Optocoupler Civeuit

4.3.2 Voltage Regulator

s the voltage source for the system is 12V DC,

¥slem needs only 5V, a 5V

and many of the electronic components in the

voltage regulator is required to supply the needed power,

e Bluetooth module needs a 3V power source; an adjustable voltage regulator is used to
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é Ri1 o -|

220
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- 4 |

33t

Figure 4.3 Folluge Regulutor (5V left — 3V right)
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3.3 Bluetooth Module

==tooth module uses the Bluetooth wiraless conneclion o commumicate with the

rhone, and
Universal Asynchronous Receiver/Transmitter (LJART)

0 communicate with the host

crocontmaller,

The RXD und TXD pins of the module conneet direetly to TXD and RXD pins of the

‘microcontroller respectively, The Status pin goes low when the Bluetooth connestion exists with

the phone, a LED is used to tell the user about

the status of the connection, A 3 valtage

regulation cireuit is required to power the Bluetooth module.
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Figure 4.4 Bluctooth Module

1.3.4 Relays

'he central locking motor, the Mashers, and the switch need a +12v power source, as the

icracontroller output supplics no more than +5V, a relay is needed,

\ relay is an electrical switch that opens and closes undar the contral

ol another electrical circuit.
he output of the microcontroller is used to drive the control

circuil, which will drive (he relay.

or the central locking motar 10 open or close, it needs a 12V difference across ils sides,
versing the polarity reverses the state (from close to open or vice versa), Lo achieve this, two
lays arc used, the microcontroller closes one and opens the other to operale the

molor, or closes
cm both

(0 preserve the current state of the door (femain opened or closad),

1¢ 741307 Buffer/Driver it used 1o drive the relay by providing the necessary current.
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4 Overall System Design

s described in chapter 3, the svstem consisis of three parts; the mobile phone, the control umit,
< the car hardware. The control unit has two main parts; A Bluetooth module (Parani ESD200)

communicate with the phone, and g microcontroller (PICT 8F4350) to process data and control
£ CITouit.

=e microcontroller interacts with the car hardware via relays which are driven by a hex driver

-atput), and with the signals coming from the car via optocouplers (input).

%< Bluetooth module is interfaced with the microcontroller via the USART, with the following
mfiguration: 9600 baud rate, 1 stop bit, and no parity, It is configured to only receive

sanncetions from the used mobile phone and to be in hidden mode where no other Bluelooth
vice could discover it

a2 complete schematic for the project is shown below in figure 4.6
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S User System Interface

5.1 Hardware User Interface

hardware user inlerface is the smart phone that will be used to navigate and control the
ware intetface. All Nokia 860 series mobile phones share the same kevs. these kevs can be
Ben down mto three subsections: the keypad (0 — 9 keys, *, and #), the soft keys, and the
bzation keys. The keypad can be used for numeric and text inpul. The soft keys can be used
Ppening menus, selecting menu options and exiting applications. The navigation key allows

rsor to be moved and a click on il acts like a selection or OK press.

eser uses 1, 2, 3, 4 and 5 keypad keys to send command to the car; right soft key is used to

 the application (o background, left soft key for options menu, and the navigation to navigate

gions.

F o |
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Hioms Exir}

ignionkey | AT T
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- % T :
Keypad l q
‘-.] J"‘H-.-;_’-'_.-
L Frmy =

Soft Keys

Figure 4.7 Smuart Phone Interface

47




2 Software User Interface

SUL of the system which the user will interact with is kept simple so interaction becomes
as the wser doesn’t want lo see a lot of dialogs and menus in order to perlorm a simple

™ as opening the door.

U adapts the ordinary car remote control way of interacting. where the user has to press a
» perform an action. Keypad keys | — 5 perform actions, right soft key sends the application
background so the user can use other applications, end the left soft key opens the options

u where the user can exit the application,

men launching the application the user should provide a password in vrder to use the program,

1 : Unlock Daoors

2 : Lock Doors

- i Lo 3 & = o | S —

Enter password:
3 abe

Cancel

Figure 4.8 Login Dialog

following figure shows the main screen for the application, where the user needs to press a

spad key 1, 2, 3, 4 or 5 to perform an action.
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E!iﬂﬁ
1 : Unlock Doors

2 : Lock Doors

3 : Turn Off Rlarm
4 ;: Unlock Switch

5 : Engine Onl0ff

Options Back

Figure 4.9 Main Screen

‘Unlock Switch” choice brings up a dialog for PIN input.

1. Unlock Doors

2 : Lock Doors

- -

Enter PIN:

3123

ol ok

Ok Cancel

Fizure 4.10 PIN Input Dialog

6 Summary

the project phases was diseussed. then the description

this chapter the detailed description of
crall system design

{ the churacteristics and specifications of the subsystem design, next the ov

cmatics was given, and lastly a look at the hardware and software user interfacc.
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5.1 Introduction

This chapter gives a description of the design of the microcontaller program, the program which
will receive and decode the message send from mohile phone, send command o the Bluetooth

module, and also will initiates commands to the car’s center locking system: hardware.

The program will communicate with a Bluetooth module and with electrande circuits that
interfaces with the cars hardware.

Another important part of the software is the mobile phone software; that will be used to

sommunicate with the system installed in the car,

5.2 Suftware Needed for the Project

Mlicrocontroller Software Requirements

the program for microcontroller used in the gystern (PIC18F4550) will he written in the C
rogramming language using a compiler deveoloped for MS Windows XP operating system,
Vriting the compiled program into the micracontroller EPROM is done using the ProPic 2

rogrammer through WinPICS00 programming soltware,

fobile Phone Software Requirements

B mobile phone is programmed in Symbian C+1 progranuming language, the compiler and all
= needed tools are developed for MS Windows XP operating system. Installing the program on
phone is done using Nokia PC Suit form Nokia through a USB cable,




53 Flowcharts

Below are the flow chart for the control unil code and for tha mobile phone remate control

frogram and their explanation.
3.3.1 Microcontroller Program

Figure 5.1 shows how the microcontroller program works; when starts, i mitiulizes (he system
{defines input/ontpur ports, configures interrupt.. ). The microcontroller then waits for any data
0 process, when data is availahle the microcontroller checks wither jes source is Bluctooth
module (4 command from the mobile phone) or from the car (a signal from switch, door, ,.) and
perform the needed aclion. When the operation completes, the microcontroller waits for data

agan,
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figure 5.7 Microcontroller Program Flewehare
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5.3.2 Smart Phone Program

In the mobijle phoue, for the Program to work it requests a password when the system starts, if
the password is pot torrect the program exits, Otherwize, the program displavs a se1 of
commands for the user i choose, when the user chooses a vommand, the program tries o

comneet and sands the command, if failed to connect it notifies the user and waits for input again,

The mabile phona Program flowchart is shown iy f; mue 5.2,
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= i
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et ] * he Car |

| |

| Send command e th
| | car |

|_.___.__._I
I

——._—.__—.__._____—._—._____,

Figure 5.2 Mobile Phone Lrogram Flowehar




5.4 Packages Used

A number of puckages where used 1o develop the system:
MPLAB IDE and MPLAB C18

The MPLAB IDE is an integrated development environment from Microchip used to program
the PIC microcontroller; it contains a text editor, compiler and a simulator. In order to program
the PIC18F4550 in €, another package, the MPLB C18, is nesded which contains (he necessary
C funetion for programming the PIC18F series.

MS Visual Studio .Net 2005

The Visual Studio Net 2005 contains the C++ editor and compiler but doesn’t support Symbian
C-—, in order o program in C++, other packages are needed.

Carbide.ve

Cardbdie.ve is a plug-in for Visual Studio Net 2005 developed by Nokia in order 1o use the
visual studio IDE in programming the Nokia S60 smart phones.

860 2™ SDK

This software development kit contains all the files and libraries necessary to program the 560
scries of smart phones, included with many examples.

5.5 Summary

Lhis chapter discussed the soflware system design issues; the soflware needed by the project was
described, the Nowcharts of any soflware program was given, and finally a list of packages used
' development.
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6.1 Overview

Testing is one of the most impontant phases when making any project, and is done throughout the
project development to ensure the system will achieve its requirements and specifications. This
chapter cansists of two parts; in the first part describe how the system is implemented, the

second part talks ahout testing the system and its components,

6.2 Actual Project Implementation

The project design has been implemented in hardware and software; in the hardware part, a
central locking circuit that uses Bluetooth for communication was built with clectronic
companents, in the software part, a program that make use of smart phone Bluctooth capabilities

to send commands to the car is developed with the a programming language.

The hardware of the project (the central locking system) was built using PIC1BF4550
microcentroller, @ Bluetoath moadule, relays and other basic electronic components. Thess
components were first put on a breadbeard for testing, then on a printed circuit board (PCB). As

a remote control unit, the Nokia 6630 smart phone was used.

Component Used Number
PIC18F4550
Parami ESD200 Bluctooth
12V Relay
Onptocoupler
| Vollage Regulator
Hex Dnver
Resistars, Capacitors, and [LEDs -
Nokia 6630 Smart Phone 1
Table 6.1 Components Used in the Sysiem

| |l | g | —| p—

The software consists of lwa programs, a C program for the PIC18F4550 to control the central
locking circuit and a Symbian C++ program for the smart phone to scnd commands via
Bluetooth,
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System Testing

Components Testing

‘est circults were buill to test the twa main components of the system: the microcontroller
the Bluetooth module. Other basic parts (Relays, Hex drivers...) were not tested alone:
d they were wsted with the subsystem testing.

V guiput DC adapter was used to provide power to sysiem, a digital multi-meter o test

ges and currents, and a number of LEDs to check output stats.

1.1 PIC18F4550 Microcontroller

Microcontroller plays an important role in the system, as it will carry out the received
(PIC1BE4550), it

mands and control the central locking circuit. In testing the used model

first programmed with the C language and used in a simple input output circuit where a DIP

ch swill tum on or off two LEDs. The testing circuit is shown in the figure below,

2 L
"""""l" -

Figure 6.1 Microconroller Testing Circuil

1.2 Parani ESD200 Bluctooth Module

Rluctooth module is responsible for Bluetooth communication with the smart phone to

e commands. Tt was tested by connecting it to the PC serial port via @ MAX232 1C, then




the hyper terminal program to send commands to it. A Bluetooth USB dongle connected t@

was used to connect (o the Bluetooth module to test wireless connection.
2 Subsystem Testing

system can be divided into two subsystems; the central locking subsystem and the Blustooth

VRLETT.

2.1 Central Locking Subsystem Testing
central locking subsystem consists of the microcontroller. optocouplers, and relays. To
the input of Bluetooth a DIP switch is used. The switch is used 1o open/close the doors.

circuit wae installed in the car were testing was done.

Figure 6.2 Central Locking Subsystem Testing Clrcuil

2 2 Bluetooth Subsysiem Testing




¢ Bluctooth subsystem iy the Bluetooth module connected to the microcontroller, for testing

rposes, 8 MAX232 was needed to connect this subsystem with the PC for debugging. During
test, a problem was found when the Bluetooth sends a response message which is more than
0 bytes (an overflow occurs), making the microcontroller stuck when reading form the

ART buffer, this was solved by clearing the overtlow before reading.

.3 Integrated Testing

e first integrated system fest was done in the lab, the commands were sent using the Bluctooth
pngle of the PC, and when the smart phone program was completed, it was used to send

brmands.

ing this testing it was found that the microcontroller sometimes doesn™t execute the received
mands, although the Bluctooth module receives the command. After debugging and
tarching for solution the problem was because the Bluetooth module high output is 3V, and the

icrocontroller serial input reads this a low, the Bluetooth module was operating in its minimum

pltage (3V), the voltage was raised to 3.3V which solved the problem.

A —
i mE AN

Figure 6.3 Complete System
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The complete system was tested on two cars, Daewoo Mahz 11 and Hyunda1 Verna, and worked
as expected. The range that the smart phone could send commands was about 20 meters without
phstacles and about 10 meters with. All the operations of Lhe system (lock/unlack door and

gwitch, turm off the alarm, and tum engine on/off) worked as expected.

6.4 Summary

Ln this chapter the actual project implementation was discussed along with the various testing

stages.
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7.1 Conclusion

While developing this project (he team gains greal expericnce in deferent areas in computer
engineering: in the embedded systems development, in the clectronics feld, and in the smart

phane develupient.

The final system achieved most of the desipn objectives exccpt making the car send alarm
messages to the smart phone, which couldn’t be achieved hecausc of the limitations in the

Bluglooih module we had.

At the first times of the final testing the system failed to work in 40% of the allempts due to a
problem when transferring the command 1o from the Bluetnoth module to the miciocontroller,
after fixing that program, the system worked in more than Q0% ol the attempts, and was lefl

working for four hours without failure.

7.1.1 Expected learning Outcomes

We were expecting to learn the following things before the beginning of implementing the

project.
» Leam how to use and program the following :
1. Program PIC microcontroller.

2. Program $60 Nokia Smart Phone

Lad

Use Bluetooth modules to send and receive data
=  How to remolely control devices via smart phone.
= Learn how to control the car central locking and security system.

» Design a system which controls the door, switch, and window of the car.
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7.1.2 Real Learning Outcomes
After the implementation of the project we have an expert in the following things:
= Learn how to use and program PIC 18F4550 microcontroller.
» Learn how program Nokia S40 smart phone.
»  How to remotely control devices via smart phane.
= Learn how to control the car central locking and secunty systcm.
* Controlling the central locking and security system of the car.

» Receiving data via Bluetooth from a emart phone, we were expecting to send alarm via
Blustooth, bui we faced problems in making 2 way data communicalion betwean the
Bluetooth module and the smart phone beeause the smart phone lacked full support for

Bluetooth profile that was on the module.

= Designing a complete system that uses a smart phone lo do the following with the car:

lockiunlock doots, lock/unlock switeh, and tum on/off the engine.

7.2 Suggestions and Developments

This project uses the smart phone as remote control for the car that does as the ordinary remote
control plus the ability to lock/unlock the switch of the car with a personal identification number.

Other developments for the project are:

o Sending feedback from the car to the phone (alarms for cxanple).

« Allowing the smart phone to take full control of the car (driving the car).

Making & Bluetaoth enabled car opens the way for many ideas in securily and antomation fields:
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A car security system that uses a Bluetooth module with external antenna (ranges about

half kilometer) to transmit information (voice for example) from the car to a smart phone
or a specially built receiver,
A smart home where a number of Bluetooth modules installed in, when the car is in the
range with the home Blustootl, the garage door is opened, the lights around the hame are

put an, .,
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S opEin. h v

finclode <usart ha
finclode <delays.hs
#ilnclude <string.hns

Ypragma config TOSC XT KT
dpragma config FOMEN - OFF
Apragma oconfig ICPRT = OF:
Hpracma confly PWRT = OFF
Fpragma. config BOR = OQFF
¥oragma confiz WDT - OFF
Fpragne confis COUMTY = Q51 PLLZ
wpragma config PLIDTY - 1
#pragma config VRECEN - OPF
#pragna confic XINST = OFF
fpragma config FBADEN = OFF
foragma config DEBUG = OFF

fdefine SWITCH PORTBhits.RET
#fdaiine DOOR DORTEoicza. RHa

void nterruptHacdlerHigh (void) ;
wold giveSoond(void)

f Nain e
B7+BE as sensor of switch ard deor
Re4D7 Lor dacsr lock cortrol
L3 fer ewitoll conkrales
D% Blarm And Flasher corsyaleor
23 Bngine off/oa
T

#inclade "main kv

unsignad char sFlag; /lawiz=h flag
unsigred char eFlagl; /ewitceh Elag
wisigned char coFlag: flast stare of

Lhe door

flag

wneigned char eFlag: J/Flag te chack afigina skate

void giveSound {void)

{
LATBbitS . LATDE=0;
Celayl0ETCYx (R -
LATCE-Es . TATDG=1;
DelayiORTCY= (RE) ;
ZATOLIicsS . LATDd=0;
Dalayl o TS v s0)
LATOGice. LATD4=1;

J

vodd maln (woid)
1

char templ [6];
Chaxr tempd[25];
char temp3flal;



upsimed char o}

TRISHE = 0=g0;
INTCON = 0x03s;
INTOOKZ - 0281
ROONDbita . TPEN = 1;
INTCONbiEe .CTEH = 1

® oo
|
I
-
=
r

S0
= ﬁﬂllDOZGUU;
RCSTADIEE . B2EN = 1;

| et o

10 in

FIRBT & Rbe
/fEnable Intrrupt On Change
/4 Iatrrupt on Changi high =
{/enakle priority levels
: {fenable interrupts

OpenlUEART IUSART TX INT OFF &

USARET

RE_INI CFF &

USART ASYNCH MODE &
USART ELGHT BIT &
USART CONT RX &

USART 3RGH HTGH, 25);

sFlag = 1
EFlag2 =

cFlag = 1;
eFlar = 0;

PORTE: DxFE;

whils(1)

{

CeLalJSART (t=mpl, 61
LATEo i te, LATDD 1
Al ;getaUSAR] (Lempd,
LATDbils . LATEL = 1;

while[DataRdylI3RRT ()

.= RCREG:

RCSTAbiLe . CREN = O
RESTAbiTE . CREN 1

while (1)

-

J

while ('DataRdyUSART() ] ;

€ = ReadUSART[); //read byte from the phone

WriccUsakl|
i:aﬁ Sl
Elg

{

Ui A 4

&'y flapen doors

ZATOh Es  LATDS = 14

LATDRAite .LATD? = 0:

LATDRZ La. TATDA
giveIound() ;

LATDRItS . LATHT = 1
LAaZDhite .JATDE = 1

[

Plhaog: = fy;

stalEgART (zemmd, 12) ;

2415 Jfwait for conmecsred message

1;//ankdown alarm
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goato. Alj

eise 1f{c z') [/ fclose doors
I
1
{F{ANITCE == 1) Jyeuwitieh iag on
;

glveScundl) ;

elge if !DOOR. == 0}/ fawitch off but deor open

I
I
aiveSound () s
1

elea

ATt LATIE = Q3
LATOREI ER-EATRY = 1;
sivedosund (] ;
LATOita . LATDE = 13
LATEhIES JLATDT
aFlag. = 31

]
=

.I
getsUSART (Eempd, 141
goto Al;

alea if(c == '5") // open the -switch

LATDDICs . LATDE = O
giveSoundl) 7

gFlag = G}
getsUSART (Caempd , I4) ;
goto Al;

J

glage 1flc == 'A') //shatdown bhe alsrm

—

LATChits.IATDYE = 1}
givesound ()
gelalSalT (temp®, 14
goto Al

1
]

glge iflc == 'B') //Engine OmfOEZ
f
‘E{SWITCH == 0) /[fjowitch is OFf
givedcumdl)
alse =fieFlag == 0) //switch om, ut engice

T
L

LATDERIce . . LATDE = O
Delayl0KTCTR {110 ;
LATDhita .LATDZ = 1
giveSoundl()
aflag = 1;

elge [/Engire ‘18 cn

givesourndl)
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LATDDILs . LATDS = 1

eFlag = 0

FELIUSART (Eempd, 14)
Joto Al

1

Tpragma code InterruptVectorfigh = 0x08
Ahls) id
Inter=uptVac=ardigh [void)
BT
gobo lobermuptHandlerdioh fAoump B0 dnterrupl routine
engaem

}
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