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Abstract 
This is a thesis report concerning mobile services within telematics for a telephone controlled 
motor lock. This report constitutes a pre-study on how to develop this from an idea to a fully 
operational product. The basic idea is to make it possible to control a lock no matter where 
you are in the world. 
 
This thesis is made in association with the company Creab/Trossö Lås in Karlskrona, Sweden 
and I would like to take the opportunity to thank all those that in some way have been 
involved in this project. First I would like to thank Tommy Romlin and Ola Corneliusson at 
Creab/Trossö Lås for their patience with the project. I would also like to thank my first 
examiner Ulrick Rodin as well as my new examiner Gunnar Råhlén for their support in this. 
 
A special thanks to my family for their support during this thesis. 
 

Sammanfattning 
Detta är en rapport gällande mobila tjänster inom telematik med ett telefonstyrt motorlås. 
Denna rapport utgör en förstudie om hur man kan utveckla denna produkt från idé till en fullt 
fungerande produkt. Tanken är att man skall kunna styra låset i sin dörr oavsett vart man 
befinner sig i världen 
 
Detta examensarbete är utfört i ett samarbete Creab/Trossö Lås i Karlskrona och jag skulle 
vilja ta tillfället i akt att tacka alla som på något sätt varit inblandade i detta projekt. Först vill 
jag tacka Tommy Romlin och Ola Corneliusson på Creab/Trossö Lås för deras tålamod med 
detta projekt. Jag vill också tacka min första examinator Ulrick Rodin så som min andra 
examinator Gunnar Råhlén för deras support i detta projekt. 
 
Ett speciellt tack vill jag rikta till mina föräldrar som varit ett stort stöd för mig under den tid 
som detta examensarbete pågått. 
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1 Abbreviations 
 
Abbreviation  
 
AGC = Automatic Gain Control    
APIN = Administrators Personal Identification Number 
CMOS = Complementary Metal Oxide Semiconductor  
CSD = Circuit Switched Data    
DAC = Door Access Control unit 
DTMF = Dual Tone Multi Frequency   
EEPROM = Electrically Erasable Programmable Read-Only Memory  
GPRS = General Packet Radio Service    
GSM = Global System for Mobile Communication   
GUI = Graphical User Interface    
HSCSD = High Speed Circuit Switched Data   
M2M = Machine-to-Machine    
NEK = Norwegian Electrotechnical Committee   
PSTN = Public Switched Telephone Network   
RF = Radio Frequency     
SIM = Subscriber Identity Module    
SMS = Short Message Service    
UPIN = Users Personal Identification Number 
VSWR = Voltage Standing Wave Ratio    
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2 Introduction of the project 
This thesis report is a part of my education that will give me a bachelor degree at Blekinge 
Institute of Technology in Karlskrona. The thesis report is also a development of the report 
that was written in the course Mobile Services at Blekinge Institute of Technology. That 
report contains information concerning development time, development cost etc. and can be 
found in Appendix 1 on page 29. 
 
This report how ever constitutes a pre-study on how to develop this product and what is 
needed to be taken under consideration during the development process. The report contains 
information about different GSM (Global System for Mobile Communication) modules that 
were looked at as well as different development programs that were to be used.  
 
The product consists of several hardware parts such as a GSM module from Sikom, a DAC-
30 II (Door Access Control unit) from SOLID and a motor lock from ASSA. All these 
hardware parts are described later in this report. The project also contains a software part that 
represents the heart of this project. All these parts together constitute the product called, 
Keycaller. 
 

2.1 The purpose and goal with this thesis 
The aim and purpose with this thesis is to see if it would be possible to control a lock 
connected to a GSM communication module, from a mobile phone or a stationary phone. The 
first thought was that this most likely would be possible and that it seemed like a good 
challenge to make it a reality. If it turned out good it would be possible to start a business 
based on this kind of products within the intelligent home area. 
 

2.2 Task description 
The task for this project is to design and make a fully operational product. For this it was 
necessary to connect the hardware as well as to write the software that was needed. 
 
The GSM module is to be communicating with the micro controller and perform a few 
operations. When an incoming call arrives to the module it is to receive the call and then wait 
for the caller to enter its pin code. Depending on if the entered pin code is an APIN 
(Administrators Personal Identification Number) or UPIN (Users Personal Identification 
Number) different choices can be made. These choices are described closer in chapter 4. To 
make it possible using the menus and the different choices that they offer it was necessarily to 
make a fully operational DTMF (Dual Tone Multi Frequency) receiver that could translate the 
entered choices made by the user. 
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3 Feasibility study and development tools 
This chapter is a description on how the equipment were selected as well as a description of 
the different developing programs that has been used. This chapter also contains information 
about what you need to think about when it comes to antennas and possible communication 
disturbances. 
 
It all started with establishing what kind of equipment that was needed. After that information 
was gathered from the Internet to find a solution on what kind of GSM module I was going to 
use and that measured up with my demands. At first this seemed like an easy task but after 
some researching I found that there were several issues that needed to be addressed before I 
could make my final decision on which module to choose. Information was also gathered 
from different books as well. 
 
In order to decide which GSM module to use they were compared with each other to see what 
advantages and disadvantages they had. In chapter 3.1 through chapter 3.4 you will find a 
description of the different GSM modules that were looked at. In chapter 3.5 and 3.6 you will 
find a description of the Door Access Control Unit and the motor lock from ASSA that were 
used. When it comes to the different developing tools and programs that were used they are 
described in chapter 3.7 through chapter 3.8.  
 

3.1 FALCOM C2D 
The Falcom C2D is a dual band GSM/GPRS (General Packet Radio Service) module for the 
M2M (Machine-to-Machine) telematics market. It is a module with a wide range of usability 
and it is a compact device that does not demand a great deal of space and it is the cheapest 
module that I have looked at. It is used in for example: 
 

• Wireless terminals 
• Vending machines 
• Mobile navigation equipment 

 
This module is not an option for me. To use this one I would have had to build a lot of 
hardware to make it work in my application. After some discussions it was decided that it was 
not a possible solution. It was decided to look for a module that already had the extra 
hardware that I needed. For more information about this module you can look at Falcoms 
homepage [3.1]. 
 
 

 
Figure 3.1 Falcom C2D 
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3.2 SIKOM GSM Fixi 
The Sikom GSM Fixi is a module for remote control via the PSTN (Public Switched 
Telephone Network) and the mobile telephone network. The main purpose for this module is 
to remotely control for example: 
 

• Lights 
• Heaters 
• Water pumps 

 
Figure 3.2 Sikom GSM Fixi 

 
The fact that this module has a little format makes it perfect to install on a DIN rail in a fuse 
box. It also gives the user the possibility to put a time limit on how long it will let the heater 
or light be turned on. The user has the possibility to choose from one hour up to 99 hours. 
More detailed information about this module can be found at Sikoms homepage [3.2]. 
 

3.3 SIKOM GSM Alarm Controller II 
Sikom GAC II is a module for remote control via PSTN and the mobile telephone network. 
This module corresponds to my demands and it offers the possibilities that I need. It is 
possible to use pre-paid/refill or a mobile subscription. By the possibility to use pre-paid/refill 
the owner of the equipment has the advantage of not having a fixed monthly cost. On the 
other hand, the owner must make sure that there is money on the pre-paid/refill card. For 
more details about this module, look at Sikoms homepage [3.3]. 
 
The fact that I had to pay for the module myself and that I got a heavily reduced price for this 
module made it my first choice. Another fact that made me buy this module were the fact that 
the company, Sikom, supported me with information and help on how to solve some of the 
difficulties that I encountered. Among some of the negative experiences that were made, is 
that it is already built in and there for I hade to use the same ports as Sikom, I did not have the 
possibility to choose the ports myself. Another negative thing about using this module is the 
fact that I did not have the blueprint for the module which made it impossible for me to see 
how it is built. 

 
Figure 3.3 Sikom GSM Alarm Controller II 
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3.3.1 SonyEricsson GM47 
The GSM Alarm Controller from Sikom contains the GM47 from SonyEricsson. It is a 
compact unit that is ideal for fleet and asset management, vending machines, security and 
alarm monitoring. It is a dual band 900/1800 MHz telephone with the possibilities of sending 
and receiving data by SMS (Short Message Service), CSD (Circuit Switched Data), HSCSD 
(High Speed Circuit Switched Data) or GPRS, but also to handle voice calls [3.3.0]. 
 
More technical information about this SonyEricsson GM47 can be found at [3.3.1] and more 
basic information can be found at this data sheet [3.3.2]. 
 

3.4 PATRIOT 

Patriot is a communication module with information transmission via the GSM dual band 
900/1800 MHz and is manufactured by Ericsson. The module offers a function that makes it 
possible for voice communication with both stationary and mobile telecommunication. The 
module also has a built in micro processor in which it is possible to store the software that 
need to be developed. 
 

 
Figure 3.4 Patriot communication module GSM II 

 
It would have been possible to use this module for the project. It provided for all the 
functionality that were requested but it hade a higher price than the GSM Alarm Controller II 
from Sikom, there for it was not chosen. More information about this product can be found at 
the following address [3.4]. 
 

3.5 DAC-30 II 
Door Access Control unit (DAC-30 II) is a control unit which makes it is possible to control 
as many as up to sixteen doors. The communication between the DAC-30 II and the motor 
lock is serial and encrypted as well. For more information about the DAC, look at the 
following address [3.5]. 
 

 
Figure 3.5 DAC-30 II 
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3.6 Motor lock 
The purpose with the motor lock is to lock and unlock the door were it is installed. It is 
possible to use any kind of motor lock from an optional manufacturer. For this product the 
motor lock ASSA 8000S from ASSA was chosen. This lock is suitable for doors with high 
security demands and it fulfils the demands in the SS 3079 lock class 3. For more information 
about this lock, look at ASSAs homepage [3.6]  
 

 
Figure 3.6 Motor lock 

 

3.7 STK500 
For the development of my program the AVR Starter Kit, STK500 from Atmel was used. The 
STK500 is developed for Atmels AVR-RISC-single chip computers. Some of the features that 
this kit offers are: 
 

• AVR Studio Compatible 
• RS-232 Interface to PC for Programming and Control 
• Sockets for 8-pin, 20-pin, 28-pin and 40-pin AVR Devices 
• Parallel and Serial High-voltage Programming of AVR Devices 
• Serial In-System Programming (ISP) of AVR Devices 
• In-System Programmer for Programming AVR Devices in External Target System 

 
For more information on the STK500 and how it is to be used, take a look at Atmels 
homepage [3.7.0]. To order your very own STK500 take a look at Elfas homepage [3.7.1]. 
 
 

 
Figure 3.7 STK500 

 

 10 

http://www.assa.se/main.php?cid=57
http://www.atmel.com/dyn/resources/prod_documents/doc1925.pdf
http://www.elfa.se/elfa-bin/setpage.pl?http://www.elfa.se/elfa/produkter/se/2022203.htm


 

Blekinge Institute of Technology  
Title: A mobile service within telematics for a telephone controlled motor lock 
Author: Magnus Karlberg 

 

3.8 Development programs 
The development program used for this micro processor, ATmega8 from Atmel is the 
StudioAVR 4 together with the STK500. As it turned out the StudioAVR 4 could not compile 
the code written in C so I had to find another program that could do this. I decided to use the 
CodeVisionAVR program instead. Below is a picture of what the program look like. For more 
information about how the CodeVisionAVR works, take a look at this page [3.8.0]. 
 

 
Figure 3.8 CodeVisionAVR 

 
Another program that has been used is the PonyProg 2000. This program has been used for 
inserting my code into the micro controller, ATmega8. PonyProg 2000 is a serial device 
programmer software. It has a user friendly GUI (Graphical User Interface) and is available 
for Windows95, 98, 2000 and NT. It is also available for Intel Linux. For further information 
about this program, take a look at the following address [3.8.1]. 
 

 
Figure 3.9 PonyProg 2000 
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3.9 Antenna 
The antenna is the component of the integrated system that maintains the radio link between 
the network and the module. The antenna receives and transmits electromagnetic energy, its 
efficient function will depend on some of the things that will be listed here. 
 

• What type of antenna is used, circular or directional? 
• How the antenna is placed? 
• What kind of communication disturbances there are in the vicinity in which the 

antenna operates? 

3.9.1 Antenna Type 
It is of great importance for the module that the antenna is correctly chosen. Some 
requirements that need to be considered are shown bellow:  
 

• The antenna must be designed for the dual frequency bands in use: 
 

o EGSM/GSM 900/1800 MHz for the GM47 and 
o GSM 850/1900 MHz for the GM48 
 

• The impedance of the antenna and antenna cable must be 50Ω. 
• The antenna output –power handling must be a minimum of 2W. 
• The VSWR (Voltage Standing Wave Ratio) value should be less than 3:1 to avoid 

damage to the module. 

3.9.2 Antenna Placement 
The antenna should not be placed in the vicinity of electronic devices or other antennas. It 
shall be at least 50 centimetres of distance between adjacent antennas that are operating in a 
similar frequency band. It is useful to face a directional antenna at the closest radio base 
station if the signal strength is weak. By this it is possible to increase the strength of the signal 
received by the module. The module’s peak output power can reach 2W. The strength of the 
RF (Radio Frequency) field varies with antenna type and distance. At a distance of 10 
centimetres from the antenna the field strength may be 70V/m but only 7V/m one metre from 
the antenna. 
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3.9.3 The Antenna Cable 
To avoid RF losses it is recommended to use 50Ω impedance, low-loss cable and high-quality 
connectors but also to make sure that the antenna cable is as short as possible. The 
effectiveness of the antenna, cable and connectors affect the VSWR in some way. If for some 
reason you would like to have an adapter between the antenna cable and the antenna 
connector, it is of great importance that the antenna cable is a high-quality, low-loss cable. It 
is also of great interest to use as few extension cables, connectors and adapters as possible. 
The reason for this is that each one of these causes loss of signal power. 
 

3.10 Communication disturbances 
Below is a description of possible communication disturbances that can affect the GSM 
Alarm Controller II unit. 
 

• Noise 
Noise can be caused by radio transmitters and other electronic devices. 

 
• Path-loss 

When the strength of the received signal steadily decreases in proportion to the 
distance from the transmitter path-loss occurs. 

 
• Shadowing 

This is a form of environmental attenuation of radio signals that is caused by 
buildings, hills, trees and vehicles as well. Inside buildings with thick and reinforced 
walls this is a difficult problem. 

 
• Multi-path-fading 

Multi-path fading is the result of interference caused by the fact that direct and 
reflected signals reaches the mobile phone simultaneously. The cause to this 
phenomenon is that there are sudden decreases or increases in the signal strength due 
to buildings, streets, vehicles, etc. 

 
• Hand-over 

This is a phenomenon that occurs when you move from one GSM cell to another. It 
means that your mobile phone call is transferred from one cell to the next. 
Communication can briefly be interfered when the hand-over takes place and cause a 
delay, or at worst, a disruption. 
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3.11 The selected hardware and software 
The GSM module that were selected were the Sikom GAC II. The reason why is that it 
provides all the hardware that is need to develop this product. Another reason were the fact 
that the company Sikom supported me with vital information that I needed. Yet another factor 
were that it was cheaper compared to the other modules that I looked at. When it comes to the 
program that were used to compile the code I used the CodeVisionAVR program. The reason 
for using this is that it makes it possible to compile code written in C with some inline 
assembler which the StudioAVR 4 could not. To insert the code in the micro controller I used 
the PonyProg 2000 because it is very good and easy to use. The DAC is used to make it 
possible to communicate with the motor lock. The DAC and motor lock are products provided 
by Creab/Trossö Lås. 
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4 Analysis and design proposal 
This chapter contains information on how the menu as well as the DTMF is intended to work 
and how they are supposed to interact with each other. The menus will not work without the 
DTMF receiver, the reason for this is discussed later in this chapter. The menus together with 
the DTMF receiver constitutes the core in this product. It is not possible to make this product 
work without the DTMF receiver. The DTMF receiver makes it possible to make the different 
choices that are available in the different menus. One could say that the DTMF receiver in 
some way constitutes the heart of the product.[7.2.2] [7.2.3] [7.2.4] 
 

4.1 Software design 
The code is mainly written in C together with some inline assembler as well. On the next page 
you will find a state chart showing the different stages you as a user might end up in Later in 
this chapter you will find some of the code that was written to handle the DTMF signaling as 
well as a description on how the menus are intended to be handled. 
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4.1.1 State chart 
This is a chart over the different stages that the program may end up in depending on what 
choices that has been made by the user. As you can see, there are several stages that you as a 
user might end up in.  
 

0
SLEEP 1

4
It is an APIN

3
It is an UPIN

2
Is it APIN or
is it UPIN?

11
The wrong PIN
code has been

entered.

Wait for a call, ”RING”. Wait for APIN or UPIN.

0
SLEEP

7
Change the

UPIN

5
Door open

6
Control the
status of
the door.

10
Enter the new
phone number

9
Choose phone

number to
change 1,2,3

8
Change the

APIN

UPIN
APIN

3 was
entered

4 was
entered

1 was
entered

A correct PIN
was entered.

Wrong PIN
entered.

If wrong PIN
3 times.

No choice
were made or
# was entered

Wait for a
choice from
the menu.

1 was
entered

2 was
entered

No choice
were made or
# was entered

5 was
entered

2 was
entered

New number
or # was
entered

Number 1,2 or 3
was entered

# was
entered

Wait 15 sec.
for the new

UPIN

Wait 15 sec.
for the new

APIN

Wait 15 sec.
for the new

phone number

Wait 15 sec.
for a choice.

Wait 15 sec.
for a choice

from the menu.

Try again.

 
Figure 4.1 State chart over the program 
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4.1.2 The menu 
The menus for the administrator and an ordinary user differ in some ways. Below is an 
overview over the menu for the administrator as well as for an ordinary user. Here you can 
see what choices that can be made depending on if you are an administrator or an ordinary 
user. As you can see, the two first as well as the last choice are identical for both the 
administrator and user. For obvious reasons an ordinary user can not have access to the third, 
fourth and fifth choice in the administrator menu. 
 

• Menu overview for an administrator: 
 

Main menu

1 Unlock the door.

5.2 Change phone
number 2.

5.1 Change phone
number 1.

# Quit.

5 Change phone
number.

3 Change UPIN.

2 Control the
status of the door.

5.3 Change phone
number 3.

# Quit.

4 Change APIN.

Main menu

1 Unlock the door.

5.2 Change phone
number 2.

5.1 Change phone
number 1.

# Quit.

5 Change phone
number.

3 Change UPIN.

2 Control the
status of the door.

5.3 Change phone
number 3.

# Quit.

4 Change APIN.

3.1 Enter the new
UPIN.

4.1 Enter the new
APIN.

 
Figure 4.2 Administrator menu 

 
• Menu overview for a user: 
 

Main menu

1 Unlock the door.

# Quit.

2 Control the
status of the door.

 
Figure 4.3 User menu 
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4.1.3 How to unlock the door 
First you have to make a call to the module and enter your PIN code. After that you can do the 
things shown above depending on if you have entered an APIN or an UPIN. Below is a figure 
that explains how this is done and how to follow the menu to unlock the door. 
 
 

The module takes the
call and answers.

The module
waits for an APIN or an

UPIN

Call to the module
arrives

A PIN-code
is entered

Is it an APIN or an
UPIN?

Enter the digit ”1"
to unlock the door.

Enter the digit ”1"
to unlock the door.

UPINAPIN

Nothing was
entered within

15 seconds.

You will now be
disconnected

 
Figure 4.4 Example from the menu, unlock the door 
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4.1.4 Changing the APIN or UPIN 
The product is delivered with a pre defined PIN code for the administrator pin (APIN) and the 
user pin (UPIN). The APIN is set to be “1111” and the UPIN is set to be “2222”. These pin 
codes are to be changed as soon as possible after the installation, and it is done by the 
administrator. The pin code is set to be four digits long, see the pre defined numbers above. 
 
One thing that is of great importance is that the administrator makes sure that the APIN and 
UPIN are not identical, if so the ordinary user will enter as an administrator as well. If the 
APIN and UPIN is the same, the purpose of having two pin codes is lost. It is also of great 
importance that the pin code is four digits long as if shorter the security is put at risk. 
 
To enter a new PIN code for the administrator or user, follow the following instructions step 
by step: 
 

1. First look at the menu, this can be found on page 17. 
2. Make sure that there is a SIM card inserted in the device, if not; insert one with the 

PIN code removed from it. 
3. Power up the module by connecting it to a socket. (to an outlet.) 
4. Wait a few minutes so the module can connect to the mobile network. 
5. Now call the module from a phone of your choice and wait for the module to respond 

with an answering tone 
6. Now enter the correct APIN and you are at the main menu. If entering an incorrect 

APIN you are asked to enter it again, you have three attempts before you will get 
disconnected. If entering a correct PIN code you will receive an OK tone, if entering 
an incorrect tone you will receive an ERROR tone. 

7. You are now at the main menu and choose option number 3 to change UPIN, or 
number 4 to change the APIN. Make sure that you enter four digits as the UPIN and 
APIN is to be four digits long. After step number 7 the new UPIN or APIN is to be 
entered. 

8. The new UPIN or APIN is now saved in the memory and is to be used the next time 
the user or administrator wants to log in. 

9. To disconnect it is just to press the “#” and you will get disconnected. 
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4.1.5 Entering phone numbers 
There is room for up to three optional phone numbers to be entered. These phone numbers are 
the ones that are going to be phoned in case of an alarm such as if someone is opening the 
door after 10 pm. The phone numbers are to be entered in the following format: 
 

• Stationary phone numbers: 045512345# 
• Mobile phone numbers: 0701234567# 

 
To enter a new phone number or change a phone number, follow the following instructions 
step by step: 
 

1. First look at the menu, this can be found on page 17. 
2. Make sure that there is a SIM card inserted in the device, if not; insert one with the 

PIN code removed from it. 
3. Power up the module by connecting it to a socket. (to an outlet.) 
4. Wait a few minutes so the module can connect to the mobile network. 
5. Now call the module from a phone of your choice and wait for it to respond. 
6. Now enter the correct APIN and you are at the main menu. If entering an incorrect 

APIN you are asked to enter it again, you have three attempts before you will get 
disconnected. 

7. You are now at the main menu and choose option number 5 to change the phone 
number(s). 

8. There are three phone numbers that can be changed, enter 1, 2 or 3 for the 
corresponding phone number that you want to change or erase. 

9. Enter the phone number as shown above and terminate the entered phone number with 
a “#”. If to remove a phone number just enter the “#” sign. 

10. To change yet another phone number go back to step 7. 
11. To disconnect it is just to press the “#” and you will get disconnected. 

 
If for some reason no PIN code has been entered after the call has taken place and the caller 
has received the answering tone from the module, the call will disconnect after 15 seconds. 
This also applies for every state where the user is expected to make a choice or entering a 
value. See the state chart on page 16 for more details concerning this. 
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4.1.6 The DTMF 
Why a DTMF receiver? The purpose with the DTMF receiver is to decode the digits that the 
user is sending to the module. It is of great importance to translate the digital signals that are 
sent in a way that it can be taken care of by the software. It will not be possible to run the 
software without the DTMF receiver. 
  
The DTMF receiver that is to be used is the MT3271. It is a CMOS (Complementary Metal 
Oxide Semiconductor) DTMF receiver with AGC (Automatic Gain Control). It makes it 
possible to decode all 16 DTMF tone pairs to a 4-bit serial binary code. It also detects the 
presence of monitoring tones and speech. The DTMF receiver requires an external crystal or 
ceramic resonator of 4.194304 MHz, more information about the MT3271 can be found at the 
following address [4.4.5].  
 
This is a picture over the DTMF receiver that is found inside the Sikom GAC II module. On 
the next page you can find the C-code for the DTMF receiver. In the code operations like OR, 
AND and XOR has been used. In appendix 2 on page 43 you will find an explanation on how 
these operations works. 
  

 
Figure 4.5  The DTMF 3271 receiver 
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//Global variable declarations 
unsigned char REC_DTMF; 
unsigned char dtmfdigits_array[20] = "D1234567890*#ABC\0"; 
 
//Start DTMF-decoding  
//Connections: 
//PB1:ACK //(3270 pin 6) 
//PB2:SD //(3270 pin 5) 
//PD2:ESt //(3270 pin 7) 
 
//Relevant code: 
//INIT: 
void init_dtmf(void) 
{ 

PORTB &= 0x00; 
 PORTD &= 0x00; 
 DDRB |= 0x02; 
 DDRD |= 0x04; 

//GIMSK &= 0x40;//GIMSK register is used to enable and disable individual external interrupts. 
       //This is for INT0 
       //Look at www.avrfreaks.com concerning interrupts. 
 MCUCR |= 0x03;  //set int0 at rising edge. 
 GICR &=~ 0x40;  //disable it, GICR = General Interrupt Control Register. 
 GIFR |= 0x40;     //GIFR = General Interrupt Flag Register. 
} 
 
//When ready to decode tones: 
void init_interrupt(void) 
{ 
 /*** INTERRUPT FOR THE DTMF ***/ 
 GIFR |= 0x40; //removes all new interrupts. 
 GICR |= 0x40; //makes it possible for new interrupts to arrive. 
 PORTD |= 0x02;//PD2 is set high, now I must check to see what comes on PB2. 
} 
 
unsigned char dtmf_digits(unsigned char sign) 
{ 
  //Create a function that checks if the dtmf_digitsarray contains the arrived sign... 
  int w = 0; 
  unsigned char digit = 0; 
  while(sign != dtmfdigits_array[w]) 
  { 
   w++; 
  } 
   
  if(sign == dtmfdigits_array[w]) 
  { 
   digit = dtmfdigits_array[w]; 
   return digit; 
 } 
 //return digit; 
} 
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//The ESt interrupt: 
//Interrupt handler that receives all the DTMF key presses. 
interrupt[EXT_INT0]void dtmf_receive(void) 
{        
 int i = 0; 
 unsigned char x; 
 
 GICR &= 0x3F;//No new interrupts can arrive. 
 

/**************************/ 
/* TAKE CARE OF IN. SIGN. */ 
/**************************/ 
 

 for(i=0; i<=3; i++)//To read the 4 bits that represent 0-9 and A-D. 
 { 
  #asm 
  { 
   sbi PORTB,1; //set portB pin 1 high clock line high 
   sec; //set the carry bit 
   //Shift_in: 
   clc; //clear carry flag 

sbis PINB,2 //bit test the input pin on portB bit 0 if set skip 
//next line and save state 

           cbi PORTB,1 //send the clock line low again 
           ror x; //shift in carry flag 
          } 
          #endasm 
 
 } 
 x >>=4;  //Shift down 4 steps. 
 x &= 0x0F; //Set bit 4-7 to zero and let bit 0-3 be unchanged. 
 

REC_DTMF = dtmf_digits(x); //To check what number is represented by x. 
init_interrupt(); 

} 
 
//End DTMF-decoding  
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5 The Survey 
Through the result of my survey you can see that the interest in the product is different 
between the private and company customers. The companies show a greater interest compared 
to the private customers. It must be taken under consideration that this survey is in no way 
statistically secured. This means that if the survey had been going on for a longer period of 
time, the result might have been different. It is therefore of great interest to make a more 
extensive investigation to secure the interest in the product. The questions in the survey are 
found in Appendix 3 (in Swedish) on page 44.  
 

• The division between companies and private customers are according to this: 
 

• The division between companies and the 
private market

23%

77%

Companies

Privat market

 
Figure 5.1 The division between customers 

 
What we can see here is that there are a prominent number of private persons that have 
answered the survey. This may have affected the result of the survey and the result 
might have been different if it would have been the other way around. 
 

• The total demand for the product looks according to this: 
 

• The total demand for the product

62,5%

37,5% Yes

No

 
Figure 5.2 The total demand for the product 

 
This shows that the demand for the product is not big enough and that it would not be 
economical to put it in production. Although it is of great interest to see that the 
companies have found the product interesting and useful, and that they also are 
prepared to pay for it as well. 
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• The total demand for the product for respectively private and company customers 
looks according to this: 

 

• The demand by the private market

29%

71%

Yes

No

         

• The demand by companies

67%

33%
Yes

No

 
Figure 5.3 The total demand by the private market  Figure 5.4 The total demand by companies 

 
With these charts as a standing point the following conclusions can be made. Today there 
is no interest or very little interest among the private customers, while the interest among 
the companies is greater. To make this project a successful one it is necessary to have an 
interest from the companies as they are the stronger buyers. 
 

5.1 Analysis of the survey 
The partly negative result of the survey can depend of several reasons; people’s fear of testing 
new products but also their fear for the technique that this product is based on. The negative 
result of this survey can also depend on the fact that the interest of answering the questions 
was poorly as well as the distribution between private customers and companies. Yet another 
reason that might have affected the result is the fact that it is only customers at Creab/Trossö 
Lås that has answered the questions in the survey, with some exceptions for a few answers 
that were received from some companies that were visited. 
 
The price that these two groups of customers are prepared to pay differ in a great way. The 
company customers are prepared to pay from 0 SEK all the way up to 20.000 SEK while the 
private customers are prepared to pay anything between 0 SEK to 10.000 SEK. This shows 
that there are customers that are prepared to pay for a product like this one. As the survey in 
no way is statistically secured one must ask oneself some questions. How many of the 
potential customers are prepared to pay the price that this type of product is going to cost? Is 
it worth the investment? Do I get value for my money? 
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6 Conclusions and outlook 
So, what can be said about this product and its future? I believe that is has some potential to 
become a useful peace of equipment in our hectic lifestyle. Its mainly purpose is to make our 
life’s easier and more secure. 
 
One of its biggest benefits is that for example the user is insecure about if he or she locked the 
door when they left home, they don’t have to drive back to check the lock. Instead it is now 
easily done with a simple phone call. One could say that: “Your home is only a phone call 
away”. This makes it possible for us as users to control our homes independent of were we are 
in the world. 
 

6.1 Future plans 
If the product is to be produced and marketed it is of great importance that it from the very 
first beginning is targeted towards the company customers that are willing to invest in this 
product as well as to buy it. The market for these kinds of products is quite large and if you as 
an upcoming company want to take your share of the market you will need a product that is 
competitive with the today existing products. The product also needs to offer new features 
that the products of today don’t have. 
 
This product has a great potential when it comes to future applications that can be 
implemented. In the future it will be possible to add new applications such as: 
 

• Alarm sensor surveillance 
• Temperature sensor surveillance 
• Smoke detection sensor surveillance 
• Moving detection sensor surveillance 
• Humidity detection sensor surveillance 

 
There are a number of applications for this product that makes it very useful in a vide range of 
places. It can be used for everything from controlling the fridge so the ice-cream doesn’t melt 
to an alarm system in your own home or summer cottage. 
 

6.2 Competitors on the market 
As mentioned earlier in this chapter, there are companies out on the market already. It will not 
be an easy task to compete with them as they already have a well known name and a good 
reputation. Some of the companies that constitute competitors are Datarespons, Sikom, 
Scandinavian Safe, just to mention a few. 
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1 Summary 
This business plan shows that this is an idea to engineer. All the competence is already on the market, and could 
be set in use, which should lead to a short development time. This report also envisages that this product should 
generate a profit within a year. The market has shown a great interest in this product and is also prepared to 
invest in it. 
 

2 The Product 
This product will revolutionize the market concerning electronic locks and security systems. It will give the 
market a new competitor. The ease and convenience that this product brings into the lives of the customers 
would soon ensure increased sales when it is launched along with a good marketing campaign. 
 

2.1 Product description 
This product comprises of a GSM-module coupled with an electronic lock that can be accessed via a mobile or 
fixed phone adding the much-needed mobility to task of unlocking doors. 
 

2.1.1 Use Case 
John Doe owns a little kiosk in the suburbs of Jonesville. He is feeling bad, and decides to stay in bed that day. 
Since he is the only employee at the kiosk, the kiosk will not be open that day. At 8 o’clock a deliveryman calls, 
he has a crate of frozen yogurt he is scheduled to deliver to John Doe’s kiosk. John had completely forgot that he 
should come today. The deliveryman has not got any time to wait for him to get down there and open the door. 
The frozen yogurt cannot be left outside, for two reasons. It is the middle of the summer, so the frozen yogurt 
will not stay frozen for that long, and there have been a lot of burglaries in the area. So John tells the 
deliveryman to wait by the door, “I will open it from here.”. John asks the deliveryman to call him when he is 
done as well. John makes a call from his cell phone to his electronic lock in the door to his kiosk. Verifies him 
self by punching in his PIN-code and in the process his cell phone number is verified. He receives the status of 
the door, that it is locked. He gives the door the command to unlock. A while later the deliveryman calls. He tells 
him that he is done and the door is closed. John thanks him a lot. He makes another call to the door lock and 
goes through the same verification as before. Receives the status unlocked and closed. He commands it to lock. 
He receives an OK. Happy and calm but still a little ill he goes back to bed and falls asleep directly. The next day 
he is all well again and arrives at his kiosk and finds his frozen yogurt safe in his fridge. 
 

2.1.2 Actors 
This product includes four main actors, when it is in use. 
 

2.1.2.1 Owner 
The owner of the electronic lock is also the owner of the door and the premises attached to it. He or she is the 
person who had made the purchase from the hardware reseller. The owner is in charge of configuring the 
electronic lock. For example, give more users access to the electronic lock. 
 

2.1.2.2 User 
A person who needs access to the premises. 
 

2.1.2.3 Hardware reseller 
The company that sells and maintains the product, they could also be in charge of configuration by order of the 
owner. 
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2.1.2.4 Operator 
The GSM-module must include a GSM-subscription. Either the hardware reseller or the owner could include the 
subscription.  
 

2.1.3 Application components 
The main component in this product is the GSM-module mounted to the electronic lock. The other part is the 
telephone, which could be any phone, either fixed or mobile. 
 

2.1.4 Action cases 
2.1.4.1 Status report 
If there is any need to check the status of the electronic lock, locked/unlocked, closed/open. 
 

 
 

1. Call the module from a mobile or the fixed line. 
2. Verify yourself by entering a PIN-code. 
3. Verification of the number called from. 
4. Report status of the electronic lock. 

 
2.1.4.2 Unlock door 

1. Call the module from a mobile or the fixed line. 
2. Verify yourself by entering a PIN-code. 
3. Verification of the number called from. 
4. Report status of the electronic lock. 
5. Give instruction to unlock. 
6. Give amount of time to stay unlocked. 
7. Receive OK. 
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2.1.4.3 Lock door 

1. Call the module from a mobile of the fixed line. 
2. Verify yourself by entering a PIN-code. 
3. Verification of the number called from. 
4. Report status of the electronic lock. 
5. Give instruction to lock. 
6. Receive OK. 

 
 
2.1.4.4 Reporting access 
In the event of (Un)authorized access to the locked door outside working hours.  

1. The door is opened. 
2. The module checks the time. 
3. If the time is outside working hours, send a message to a predefined number(s). 

2.2 Distinctive competencies or uniqueness of the product 
There are prototypes that have been presented, doing almost the same thing as this solution. There is one that 
controls a safe, a safe with no doorknob or keyhole, only a plain surface.  
There is also a much more complete solution, which work together with an alarm system. 

2.3 Technologies and skills required in the business 
The different parts of technologies are already used in different products. The different technologies already 
exists but in not in conjunction with each other. However it doesn’t be required much new technology skills to 
get this working in conjunction with each other. 

2.4 Security issues 
As this product is in fact a lock, it is a security item itself. Which already have a lot of different security aspects 
considered. All locks have to be security classified and an already classified electronic lock shouldn’t be affected 
by this extension.  

2.4.1 GSM-module 
All configuration and uses of the modules function require a PIN-code and a set of predefined originating 
numbers. This is of course possible to deactivate or more loosely configure in cost of security aspects. 

2.4.2 GSM-link 
All data sent over the air link is encrypted according to the GSM standard. Within the operators internal network 
all information is sent in plaintext, but that is within the operators security mechanisms.  

2.4.3 Fixed telephone line 
There is always a possibility to wiretap the fixed telephone network, but it is also within the fixed network’s 
operator  

2.4.4 Physical issues of the module 
The physical aspects of the module shouldn’t be any problem, since it’s built into a wall or places inside the 
premises. 

2.5 Privacy issues 
Since this is a built in product, with very limited amount of users. The product it self doesn’t include any 
personal information, except some telephone number. 
However, there is one concern to take into account. The reporting possibilities, can give the owner information 
of the different people using the door outside working hours. This is only possible if the all users have to identify 
themselves at the electronic lock, either by a swiping there card or punching in a PIN-code. 
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2.6 Legal issues 
Since this product has a very limited user group, there are not any legal problems to consider.  

2.7 Availability 
There should be a very high availability to this system, since the weakest link in the system is the GSM-link. 
There could also be a power breakdown at the premises, but then the electronic lock wouldn’t work anyway.  

2.8 Future potential 
As a part of the “intelligent home” there should be a big potential for market growth. 

3 Markets  
The market for this product is for the moment unlimited, it can be implemented in systems operating today but 
also implemented in new systems that are going to be installed.  

3.1 Customers  
The potential customers will be divided into two categories, the initial and future customers. In the initial stage 
the customer will be companies and other businesses. The future buyers are consumers from the private market. 

3.1.1 Initial customers 
The initial customers will be stores, factories and warehouses. These customers find a need for this product since 
they are vulnerable when it comes to thefts. The companies loose a lot of money every year because of these 
thefts. This product will now make it possible for them to store their goods in a safe way when the deliveries 
arrive. 

3.1.2 Future customers 
The future customers will be the homeowners, lock manufacturers, security and house contractors. Here we see 
the potential of building and installing the lock from the beginning. 

3.1.3 Costumer change 
In the beginning the customers will be different types of companies and after some time also involve the private 
market. To make this possible it is necessarily that the sales are good in the initial stage.  

3.2 Value chains 
Our position in the development chain is to develop and make the product as secure and safe as possible. 
 

 

3.2.1 Keycaller 
Keycaller consists of four students at Blekinge Institute of Technology that are going to develop and implement 
this product in cooperation with Creab. 
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3.2.2 Hardware sellers 
The hardware seller that we are going to cooperate with is Creab. They are going to support us with knowledge 
about electronic locks and security issues. They are also going to support us with products that will give us the 
opportunity to demonstrate a prototype of this product in action. 

3.2.3 Operators 
The issue concerning the operators is at this moment an open issue. This is something that the customers can 
choose as they see fit. The customers can choose between all the operators available on the market. If we as a 
developer find an operator that is better for the customer, this one will be recommended. 

3.2.4 Owner 
The owner of this product is the one responsible for the subscription to the GSM-module. 

3.2.5 User 
The user is not necessarily the owner of the product. The user can be anyone that the owner grants access to the 
system. 

3.3 Competitors 
There are as far as we know right now, no other product like ours on the market for the moment. This means that 
there are no competitors in that sense. There might be some other companies that might start producing this type 
of device when this product hits the market. How many competitors and how hard the competition is going to be 
is impossible to say for the moment. The competitors will be other companies that work with lock 
manufacturing, security issues and alarm systems. 

3.4 Market segments 
The market segment can be divided into two parts, the initial and the future segment. In the initial stage we will 
focus on companies and other businesses and after that start to look at the ordinary customer. The customers that 
we are aiming for in the initial state are those stores, factories and warehouses that find a need to protect their 
goods from thefts. 
 
In the next stage we aim for the homeowners, lock manufacturers, security and house contractors. The goal is to 
have this product implemented in new buildings from the start and those that do not have it today will see the use 
of the product and install a new lock, the Keycaller. 

3.5 Market size and growth 
The market for this product is for the moment unlimited, it can be implemented in systems operating today but 
also implemented in new systems that are going to be installed. The product can be used in any door if the door 
is equipped with an electronic lock. In case of that the door is not equipped with an electronic lock there will be a 
more costly investment. 
 
Since we have found that the market is unlimited in some sense one can say that the future growth for the 
product is very good. However, if we are going to be realistic we don’t think that every door will be equipped 
with this type of lock. This is however something that we will aim for. 

3.6 Estimated market share 
When it concerns security systems we estimate that we can take some part of the existing market. This product 
will be a single part or a complement to the alarms and security systems on the market today. 

3.7 Special market characteristics 
There are some specific issues concerning the market characteristics that we have to take under consideration. 
There are laws that regulate what is allowed or not when it comes to security systems. There are several security 
classifications that we must look at before the lock can be installed in a building. 
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4 Marketing 
Marketing has become a fashion word, but are for many an unknown area. Its purpose is clear, to deliver a 
service or product from producer to users. Marketing is not something that only concerns the salespeople, but 
even the developers. 

4.1 Market positioning 
We can offer the user a product well worth its price. There has been a market survey, and there is an interest in 
the product. There is no direct competition. We are trying to combine a product that is equally favorable for both 
the service provider and the user. The product is turning both against the private market and the small business 
market. 
 

4.2 Pricing policy 
The price of the product must be in the range of being accepted by the market, but still give an economic 
coverage of the development cost. Since there is no direct competition there can’t be an exact price comparison.  
A good starting price could be around 6000 SEK. This price could be lowered to 5000 SEK as sales increases 
within a period of one year. 
If the consumers are changing there locking solution to the door, this product is only an extra module that has to 
be installed in the wall. If the module is bought standalone, there is an installation cost on top of it for the 
consumer.  
There is a running cost for the product, since it includes a GSM subscription. This should not be a major cost. 

4.3 Selling and distribution policy 
The product will be sold through a lock company, initially as a packet for small businesses. Later on it will be 
sold directly to private costumers, who see the need to use it there own home. 

 
5 Design and Development 

5.1 Stages of development 
This product will be developed using the waterfall-method, with predefined and separated steps. This gives the 
possibility to take a step back during development, if necessary.  

5.1.1 Business plan 
This is the first part of developing a new product. This should always be done. It gives a description of the basic 
functionality and the feasibility of the product. 

5.1.2 Requirement specification 
This document deals with all technical specifications of the product. It gives the minimum technical 
requirements.  

5.1.3 Analysis and design 
In this part a class diagram is produced along with the connections between them. This will be very helpful in the 
further steps. 

5.1.4 Implementation 
This is the hardware and software development phase. Everything produced here is according to the class 
diagram in the step before. 
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5.1.5 Testing 
This is one of the most important steps. First there will be an internal testing, to make sure that all software and 
hardware works in conjunction with each other. Then when everything is working according to specification. 
There will be a live test for a limited group of potential costumers, they will be given the opportunity to use this 
product for free, but have to use it thoroughly and provide the developers with in-depth analysis and feedback to 
make an error free product. 

5.1.6 Deployment 
The product is brought to the market, maybe with an ad campaign. 

5.1.7 Maintenance and future development 
This phase lasts as long as the product is in usage. Any shortcomings or bugs are removed and new features are 
introduced as their demand arises.   

5.2 Product/service architecture 
This is basic drawing of the system. Our product is the box in the middle. 
 

 
 

5.2.1 Stationary or Mobile phone 
This is a device that controls the GSM-module. Could be any phone connected. Though, there can be limitations 
defined in the module, only giving access from some certain originating numbers. 

5.2.2 GSM module 
This is the intelligent part of the system. Could be connected directly to an electronic motorized lock. It could 
also be connected to a DAC, which gives a more complete solution. 

5.2.3 DAC 
This is a module/interface that gives a lot of interoperability and interconnectedness. It is a part that connects to a 
centralized system if available. It could also be used if there are other devices connected to the electronic lock, 
such as, card readers, keypads, motorized opening and/or alarms. 

5.2.4 Electronic lock 
This is an electronic motorized lock mounted in the doorframe or the door. 

5.3 Difficulties and risks 
The most difficult part is to find an appropriate GSM-module that matches our needs and at the right price. Then 
the intelligence must be implemented into the module. If there are any problems at this stage, the development 
time and cost can increase, which may result in an increase of the price for the product. 

5.4 Product/service improvements 
There can be a lot of work done with making it possible to connect to more than one electronic lock or giving it 
access to a centralized system. 
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5.5 Product/service developments in the future 
As the personal home market grows the need for controlling every device in your home remotely increases. 
Finally you will be able to control everything from heating, front porch lights to turning on your VCR. This is 
just the first step towards the intelligent home. Other add-ons e.g., monitoring through digital video cameras 
incorporated into the mobile phones may add versatility and improvement on the security aspect.  
 

6 Manufacturing and Operations 
 
Requirement specification    Implementation             Testing            Deployment                      
Analysis & design   
      
  August 2003                    August - October          November              December                              
 

6.1 Description of resources needed in a product phase 
In the development phase of the product, the suitable number of engineers is two. One engineer is responsible for 
hardware and the other for software.  

6.2 Product/service capacity 
The estimated time period of their employment and the completion of project is six months, this includes 
everything from requirement specification to documentation. 

6.3 Required competences 
To make the product up to the mark, skilled developers are required to ensure a well- developed application in 
the first place and to possibly extend it in an easy and functional way. 
 
Required competence is preferred although not absolutely necessary. Experience in operating and configuring 
the GSM Module, and object-oriented programming (analysis, design and development) skills for the mobile 
phone’s user interface would be a definitive plus. 

6.4 Product/service running costs 
The costs may be divided into two parts: 
One part is for further development and the other one is for maintenance of the product as well as the service. 
Development costs include that for two employees on a six months contract at 700.000 SEK. 
Estimated costs of product inclusive of the GSM Module and lock and mobile service provided by the operator is 
initially 6000 SEK. However the costs will go down by 25% within one year of sales. 
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7 Financial highlights, risks and assumptions  
Our budget is built on the basis of our questioner that we have used to find out if there is any interest in our 
product. The result of the questioner shows that there is a great interest in the product and that people are 
prepared to pay for it as well. The survey also shows that even though some people have not found the need for 
our product today they are how ever prepared to pay for the product if it were to be installed 

7.1 Financial highlights  
The market investigation lies as a foundation for estimating the maximum price of the product to be able to sell 
it. According to the survey we found out that the customers are prepared to pay from 175 SEK up to 20.000 SEK 
for the product. The estimated price for the product is initially set to be at 6.000 SEK. Within a period of two 
years the price will be set to 4.000 SEK. This is the ultimate price that will give us the best conditions to sell as 
many units as possible and gives us a profit within reasonable time. 
 
 

 2003 2004 2005 2006 2007 
total until 

2007 
INCOME       
number of sold units 0 200 1000 2000 2000  
price per unit 0 6000 5000 4000 4000  
TOTAL INCOME 0 1200000 5000000 8000000 8000000 22200000 
       
COSTS       
development cost per year 700000 700000 700000 700000 700000  
development time per year 1 0,5 0,2 0,2 0,2  
Total 700000 350000 140000 140000 140000 1470000 
       
fixed costs per unit       
Storage 0 10 10 5 5  
Delivery 0 150 150 150 150  
number of units 0 200 1000 2000 2000  
Total 0 32000 160000 310000 310000 812000 
       
floating costs per unit       
GSM-module 1500 1500 1400 1300 1300  
extra hardware 1000 800 800 700 700  
Assembly 0 1000 800 600 600  
number of units 5 200 1000 2000 2000  
Total 12500 660000 3000000 5200000 5200000 14072500 
       
TOTAL COSTS 712500 1042000 3300000 5650000 5650000 16354500 
       
RESULT -712500 158000 1700000 2350000 2350000 5845500 
 

7.2 Financial risks and how they will be tackled 
The financial risk is a very important issue. The biggest risks with this project is that there is no interest in the 
product and that there will be some competitors that will launch a product like ours before us. Some other issues 
that need to be addressed are the things concerning the price and marketing of the product but also the guarantee 
of the product. Another very important issue is the fact that some customers don’t pay for the delivered product 
on time or at all. 
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Appendix 2 

 
OR, AND and XOR 
It is of great importance to know how to modify one bit with these instructions, below is a 
table that explains each operation. The 1 bit stands for true, and a 0 stands for false. Some of 
these operations have been used in the code. 
 
• OR:      

o 0 OR 0 = 0 
o 0 OR 1 = 1 
o 1 OR 0 = 1 
o 1 OR 1 = 1 

 
• AND: 

o 0 AND 0 = 0 
o 0 AND 1 = 0 
o 1 AND 0 = 0 
o 1 AND 1 = 1 
 

• XOR: 
o 0 XOR 0 = 0 
o 0 XOR 1 = 1 
o 1 XOR 0 = 1 
o 1 XOR 1 = 0 
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Appendix 3 
Keycaller – Frågeformulär 
 
 

Tänk dig möjligheten att kunna låsa upp alternativt låsa din ytterdörr oavsett vart 
du befinner dig. Nedan följer några situationer då detta kanske vore önskvärt. 
Idag måste du dock vara på plats för att låsa eller låsa upp din dörr. 
 
 

1. Tänk dig att du är hemifrån och hantverkaren ringer. Han står vid din dörr... 
 
2. Familjemedlem har låst sig ute, tappat nyckeln... 

 
3. Du har glömt att låsa dörren... 

 
4. Leveranser kommer till företaget efter arbetsdagens slut, under helgen… 

 
 

Nedan följer några frågor, vänligen ringa in det svarsalternativ som passar dig. 
 

Frågor: 
 

1. Är du företagare eller privatperson? 
Svar: FÖRETAGARE PRIVATPERSON 
 
Om företagare, vilket företag representerar ni: _________________________________ 
 
*Om du angivit PRIVATPERSON i fråga 1, fortsätt på fråga 3. 
 
2. Hur många personer tar hand om eventuella leveranser efter arbetsdagens slut, under 
helger? 
Svar: ____________st. 
 
3. Hur många personer är ni i ert hushåll/på ert företag? 
Svar: ____________st. 
 
4. Hur många skall ha access till detta system? 
Svar: ____________st. 
 
5. Har du någon gång känt ett behov av denna service? 
Svar: JA NEJ 
 
6. Hur mycket skulle du vara beredd att betala för denna produkt? 
Svar: ____________kr. 

 
Jag vill tacka för visat intresse och för att ni tog er tid att besvara dessa frågor. 
Magnus Karlberg, td98mka@student.bth.se 
Blekinge Tekniska Högskola. 
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