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Executive Summary
The purpose of this design project was to design a system for silencing cellular phones within a specified
area. This system was to be constructed in two parts: a client to be run on the cdlular phone and a base
station to activate/deactivate the client within a given proximity. The client was to be responsible for
controlling the ring setting of the phone. The connection between the phone and base station was to be
via Bluetooth technology. The device was to be designed to be placed in an entrance/exit. The first pass
through would trigger the client to save the current ring tone settings and deactivate the ringer. The

second pass through would cause the client to return the ring tone settings to their previous state.
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1. Introduction

In modern society the prevalence of mobile devices is increasing almost daily. Persona Data Assistants
are used by many to help keep busy schedules organized, cellular phones are almost a necessity, and
newer ‘smart phones' combine the functionality of both. These devices travel with their users wherever
they go and often find themselves in places where an alert tone would be inappropriate — such as in a
movie theater. Advances in mobile devices have also fueled advances in mobile communications. The
development of Bluetooth technology -- a secure, short-ranged wireless communications protocol —
provides for the first time a viable method of communication with these mobile devices. This technology
is aso the keystone of the BlUGate product.

1.1 Acronyms and Definitions
Table 1: Table of Acronyms and Definitions

TERM

DEFINITION

ActiveScheduler

SymbianOS method of performing
asynchronous actions

Application Framework

Basic structure of a program, usually OS
specific

BGA Ball Grid Array

BluGate Both the product system and the client GUI
BlUGateServer Client process running in background
BluStation Base station program

BOM Bill of Materials

CAD Computer Aided Design

C++ Object oriented programming language
DB9 Nine pin serial connector

HCI Host Controller Interface

IC Integrated Circuit

/O I nput/Output

IR InfraRed

IP Internet Protocol

LED Light Emitting Diode

PCB Printed Circuit Board

Piconet Localized Bluetooth network

PPFS Project Proposal and Feasibility Study
RAM Random Access Memory

RF Radio Frequency

RFCOMM Radio Frequency COMMunication
ROM Read Only Memory

RS232 Serial data communications protocol
SDK Software Development Kit
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SymbianOS Mobile device operating system

UART Universal Asynchronous Receiver Transmitter
USB Universal Serial Bus
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2. Problem Specification

This section lays out the problem to be solved as well as the requirements that need to be met to

effectively solve the problem.

2.1 Description of Challenge

The chalenge is to design a process to automatically change a cell phone's ring settings using a
Bluetooth wireless connection. The process shall include two parts, a base station and client program.
The base station shall be responsible for continuously scanning an area for phones with Bluetooth
technology. When a connection is first made with a mobile phone, the client program shall save the
phones current settings and turn it to vibrate mode. When a mobile phone passes past the base station a

second time, the client program shall restore the previous phone settings.

2.2 Project Requirements
This section lists the requirements for both the base station and the client program. Each list is laid

out arbitrarily.

2.2.1 Base Station

The base station was broken up into two separate requirements. There are requirements for the base

hardware, and there are requirements for the base software.

2.2.1.1 Base Station Hardware

1) Base station shall affect aminimum range of a5 foot radius, and no more than 33 feet

2)  Thebase station hardware shall be capable of communication via aBluetooth
connection

3)  Thebase production design of the enclosure height, depth, and width shall be limited to
4" x 4" x 2

4)  The base station weight shall be limited to 1lb

5)  Thecost of the production design shall be no more than $100

6) Thewattage of the power supply shall be limited to 10 watts for the prototype and two
watts for the production design

7)  Thevoltage output from the power supply shall be limited to five volts

8)  Thebase gation shall be meet temperature requirements of ICs

9)  Thebase gtation shall operate within a specified temperature range of 0°C to 50°C

Senior Design 2006 Calvin College Engineering 4
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10)
11)
12)

13)

14)

The base gtation shall have a power Light Emitting Diode (LED)

The base gtation shall meet all FCC requirements for such a device

A base station unit shall not disrupt operation of another base unit if they are located
within range of one another

The base gtation shall be capable of withstanding the transient effects of anormal
power outages, if not battery operated

If the device is power by batteries, the batteries shall last at least one week before
needing to be changed

2.2.1.2 Base Station Software

1)

2)

3)

The base gtation software shall be capable of communication via aBluetooth
connection.

The base station software shall be capable of connecting to 7 clients simultaneously.
Thisisthe maximum number of daves a host can support in apiconet [18]

The base station software shall have the ability to be customized in production, but it
shall not be accessible to the user

2.2.2 Client Program

1) Theclient program shall take up no more than 1IMb space in memory, based on the
typical free space available on most cellular phones

2)  Theclient program shall be capable of storing ring tone settings prior to encountering a
base station

3)  Theprogram shall be capable of restoring the stored ring tone settings when leaving
past a base station

4)  Theclient program shall automatically accept the Bluetooth connection from a base
station as a trusted device

5)  Theclient program shall have the ability to be customized in production, but it shall not
be accessible to the user

6)  Theclient program shall provide the option for silent or vibrate mode

7)  Theclient program shall be available as a stand-alone program

8)  Theclient program shall be protected against unauthorized modification

9) Theclient program shall be responsible for comparing its current status with abase
station signal and determining the appropriate course of action.

Senior Design 2006 Calvin College Engineering 5

Team 6



Blugate Final Design Report May 16, 2006

10) A mobile phone that does not leave a base station’ s range will still be silenced and
restored properly

11) The phone shall not recognize the difference between different base stations at different
entrances/exits. Therefore, the client shall be activated and deactivated properly by any
base station connection

12) Theuser shall be able to manually restore thdr ring settings at any time in case the
settings fail to restore automatically

13) Theuser shall also be able to disable and re-enable the client program if they desire

Senior Design 2006 Calvin College Engineering 6
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3. Proposed Solution

3.1 Project Management
The design team has two ways of managing the project. The college course that this design is

associated with keeps the project moving in the right direction and on the right pace. Within the team,
tasks have been divided among the members as the project progresses along a schedule.

3.1.1 Team Organization
Silence is Golden is a team project that is part of a year long engineering capstone course at Calvin

College. The purpose of the course is to gather everything learned in a student’s college career and
integrate them into a project that will simulate an industrial experience. The senior engineering classwas
divided into teams of four or five people to work on a project of their choosing. While this course is a
little more open-ended than most courses at Calvin, it still requires about a dozen deliverables to make
sure each team stays on track.

Each team was assigned an industrial consultant for analyzing the team’'s design work. These
consultants have an engineering background, but are not currently affiliated with Calvin College.
Consultants provide teams with an outside perspective on how the teamis progressing. Silence is Golden
was assigned Tim Theriault from Smiths Aerospace. The team met with him twice over the two
semesters. He was able to provide advice on topics that were a priority to the team at that point in time,
aswell as point out afew things that should be thought about later in the semester.

Each team was also assigned a professor as an advisor/manager for their project. Silence is Golden’'s
advisor is Steven VanderLeest. The design team communicates with Professor VanderLeest through
weekly status reports, meetings, and various other deliverables.

Silence is Golden also has organization within itself. Over the first semester, the organization was a
little vague. The team would see what deliverables were due in the near future, and either schedule atime
for a meeting to work on the item, or split up the work amongst the members to get done on their own.
Coming into the second semester, it was necessary to define more specific roles for each of the team
members. It was thought that we would divide the team and two and have one group work on the base
station, while the other worked on the client software. However, as the design started to come together, it
was necessary to split up the groups in terms of hardware and software. Nick Ellens and Ryan Smith
chose to work on the software, while Jared Heys and Matt Cosnek worked on the Hardware. Ellens
started out working together with Smith on coding for the client software. After they both got a general
understanding of the coding for the client, Ellens starting working on the base station coding. Smith

continued to enhance the client code. At the same time, Cosnek and Heys were working diligently on the
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hardware side of the design. They worked together to get a basic understanding of the parts that were
used, and then Heys concentrated on designing PCBs to connect the parts for our prototype, while Cosnek
concentrated on design a production model.

The team never had arigid schedule for when to work on the project. Generally, the two groups in
the team would decide when it was best for them to get together. It was found that working side by side
with another member yielded more efficiency than if everyone were to work on their own. This was
because it allowed members to ask questions amongst themselves and get answers right away, instead of
waiting for an answer in an e-mail or seeing another team member the next day. At least once aweek, the
entire team would arrange a meeting in which the two groups would discuss what they had done that
week, and what they planned on working on the following week. This allowed both groups to know what
the others were working on, and when to expect certain aspects of the design to be finished. Thistime
was also used to send aweekly status report to our team’ s advisor.

Team conflicts have a so been encountered as the design process has progressed. On many occasions,
team members have had different ideas on how a certain aspect of the system will work. As conflicts
such as these arrive, the team sits down and discusses the matters at hand. Design decisions are discussed

until al team members agree.

3.1.2 Work Breakdown Structure
In the middle of our first semester of this course, each team was asked to come up with list of tasks

that would need to be completed for the design and estimate the number of hours it would take to
complete the tasks. At that point in time, it was unclear as to the exact tasks that would need to be
completed. However, the team came up with a list that was reasonable for what was known about the
design at the time. It was decided to budget a generous amount of hours for most tasks, just in case some
tasks took longer than expected. Some design decisions were made during the second semester that made
some of the tasks obsolete as well as adding new tasks. At the same time that weekly status reports were
sent, the team would update the task list to show where the hours for that week were spent. The
completed task list can be seen in Appendix A.

There are a couple of things that can be noted about the completed task list. First of al, it becomes
apparent that the team was not thought of some of the tasks that would be needed. The most noticeableis
the section that was added for the base station software. This was budgeted zero hours because it was not
thought of when the list was first generated. Also, the coding in general was under budgeted, as the team
worked on the coding for over 300 hours and it was only budgeted 100 hours (and that was just for the
client program). The individual testing was also under budgeted, but the team all otted extra hours for full
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system testing. This is because it ended up taking longer to get the individual parts working, and there
was not much time to spend on full system testing.

Overall, the team had budgeted about 1400 hours between four people for two semesters worth of
work. At the end of the first semester, the team had only logged approximately 300 hours, which left
1100 hours for interim and spring semester. The plan was that a lot of work would be done over the
interim to catch up a little, and then to continue on a more regular basis for the rest of the semester.
However, it turned out that very little got done of the interim due to a larger work load than expected.
The team did pick up the slack though, and ended up with almost 1500 hours logged by the end of second
semester.

3.1.3 Schedule
Along with the task list, the team came up with a projected schedule that the project would follow

over the two semesters. This was primarily based off of the initial task list, which, as described above,
was not perfect. However, it gave the team a good idea of what needed to be done, and to think about
what smaller parts needed to be completed before moving on to other things. See Appendix B for project
schedule.

The first semester was filled with preliminary design and the tasks associated with the start of a new
design project. This included things such as creating a task list, a project schedule, and generating a
PPFS. In making the PPFS, the team chose the way to pursue a solution to the problem. This included
many hours of research and discussion amongst team members and various others. After it was decided
that Bluetooth was the way the project would head, the team started preliminary design.

After not making much progress over interim, there was quite a bit left to accomplish in the fall
semester. First of all, the team had to make up for al the things that did not get done in the interim. Not
only that, but early in the fall semester it was found out that the onboard processor of the Bluetooth
module that we were using would not be accessible, and that a separate processor and surrounding
circuitry would be needed for the project. By this point, the team was way off the projected schedule.
Also, the time it took to write the code for the project was underestimated. However, the testing and
coding were integrated more than was thought. Instead of writing the whole program and then testing it,
it was decided to write pieces of the code at a time, and testing the functionality of the code as we added
it. The prototype hardware was designed to be integrated with the Coldfire development board that was
used by a previous senior design team. This process yielded severa different PCBs to make it
compatible

And finally at the end of the semester the team put together the working pieces of hardware and

software to be able to show a prototype of or design. The design is not complete, but we were able to
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communicate between the cell phone and a laptop by usng the Bluetooth circuit we designed. The fina

week was spent generating final documentation for the project.

3.2 Project Budget

3.2.1 Prototype
Initially the team was given a budget of $300 for the project and prototype This budget was later

increased to $500 after some initial parts were ordered. Many of the parts needed for the prototype
module were found in the electrical engineering labs on campus. The Coldfire development board that
was used to test and simulate the base station design was available to the team free of charge because a
senior design team had purchased and used it two years ago. To stay within the $500 budget, the team
used as many parts that could be found on campus as possible, and the team searched many places for the
best price for an item. The cost of the Bluetooth development kit was split with another senior design
team that also needed it. The team received an educational sponsorship from PCB express that amounted
to $350 of PCB production. A summary of the project budget is shown in Table 2 below.
Table 2 Project Budget Summary

3.3% regulator samples Mational Semiconductor 5 10.15
MOKIA 3650 PHONE ebay.com ) 79.89
Bluetooth Development Kit A7 Engineering ] 209.10
SMhA antenna connector maouser ) 5.18
PCB connector Mewark 5 1.61
Bluetgoth Dongle Adapter ebay.com ) 18.95
Serial Adapter Radio Shack ] 1.50
PCE connectar Mewark ) 1.61
ShA antenna connector mouser 5 10.36
Right-angled Serial Adapter Mewark ) 1.74
LEDS Kingbright ) 1.50
4.7 uf Capacitors Mouser ) 2.48
R5232 Transceiver Over night Digikey 5 47 .60

Total $ 391.70

The cost of the Bluetooth development kit was $400. It was split evenly between the two teams that
needed it. The prototype mobile device used was a Nokia 3650 cellular phone. This phone was
purchased used and without a plan on eBay for $80.00, which is significantly less than the retail
price. Two RS232 transceivers were purchased at $8.80 apiece. Due to the late recognition of
their necessity, an overnight shipping charge of $30 was also added to the cost of these modules,
bringing the total to $47.

The Coldfire development kit that was used, free of charge, also helped keep the project under the
budget. On the manufacturer’s website the price of this kit is listed as $649.10 [21]. Calvin College has

Senior Design 2006
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limited PCB manufacturing capabilities on campus that is free for the students to use. The amount of

PCBs that were made in house by the team would have cost about $400 if ordered from PCB express.
Without these major donations and sponsorships the budget for the team would have had to be

considerably higher. In Table 3 below, a full cost budget summary for the entire project including the

prototype, is shown.

Table 3 Full Cost Project Budget

3.3% regulator samples Mational Semiconductor 5 10.15
MNOKIA 3650 PHONE ebay.com ) 75.89
Bluetooth Development Kit A7 Engineering § 420.00
ShA antenna connector mouser ) 5.18
PCE connector Mewark 5 161
Bluetooth Dongle Adapter ghay.com ] 18.98
Serial Adapter Radio Shack ] 1.50
PCE connector Mewrark ) 1.61
Sh1A antenna connector maouser 5 10.36
Right-angled Serial Adapter Mewark ] 1.74
LEDS Kingbright ) 1.50
Various film resistors Newark $ 5.00
Other R5232 Transceiver Digikey § 1.00
AND gates Digikey § 1.50
4.7 uf Capacitors Mouser § 2.48
PCHs PCB Express $ 400.00
M5249C3 Coldfire Dev Kit Freescale § 649.10
R5232 Transceiver Over night Digikey ] 47 .60

Total $ 1,659.20

The items that were adjusted or added arein bold so that they can be easily seen and compared to the
actual project budget. Table 3 shows that the actual amount for the project without subsidization would
have been amost $1700. Through creative purchasing, donations and using the available on campus
resource, the team was able to reduce the cost to just under $400; well within the $500 budget the team

was given.
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3.2.2 Production
If base stations were to be marketed, the production of base stations shall stay under the projected

cost of 100 United States Dollars (USD). The production includes all parts, labor, and distribution.

3.2.2.1 Estimate Cost of Parts, Labor, Distribution
The cost of parts can be seen in the Bill of Materialsin section 3.4.4.4. An important part that is left

out of the BOM is the enclosure. The cost of the enclosure was estimated at $0.75 per base station. This
estimate was based on information from Team 11, who had purchased a plastic enclosure for their project.
For labor it was assumed that it would take 20 minutes to hand craft a base station and get the software
loaded on. If an employeeis paid $12.00 per hour, then it costs $4.00 per base station for labor. As for
distribution, a third party would be paid to transport base stations to customers. United States Postal
Service can shipin 11" x 8.5” x 5.5” boxes for $8.10. Most customers will probably buy base stationsin
guantities of four or more. Four base stations could easily fitinan 11" x 8.5” x 5.5”, so the price per base
station to transport would be no more than $2.03 USD.

3.2.2.2 Final Retail Cost

Using the BOM section and the costs for labor and distribution, base stations will cost $60.90.

According to market surveys, however, the retail price would be much higher, see Figure 1.

Market Value of Device

45

3.5 -

W 200-250 USD
0 100-150 USD
m 50-100 USD

25

15 4

Num ber of Businesses

0.5 ~

Market Value

Figurel: Market Value of Base Station
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According to Figure 1, base stations would probably be sold in the range of 200 to 250 United States
Dollars (USD). These prices do not take into account competition, so the actual retail price may be a bit

lower depending on the level of competition.

3.2.2.3 Estimate Cost of Parts, Labor, Distribution
3.2.2.4 Final Retail Cost

3.3 Preliminary Research
There were several areas of research. First, similar products were researched to determine the

project’s feasibility and to ensure no copyrights were infringed. As stated before, the two major
components of the system are the base station and the client program running on the mobile phone. In
order to make educated design decisions, research was done for the different components involved in the
construction of the base station. The base device and the mobile phone need to connect to each other.

Therefore, various connection methods were researched as well.

3.3.1 Similar Products
The idea of silencing cellular phones in certain areas is not a new concept. In fact there are other

products that already exist or are in development. Two companies in particular have developed, or are in
the process of developing specific products to silence cellular phones in similar ways as the proposed
solution.

Cell Block Technologies, Inc. has developed a product (patent-pending as of 2000) that achieves the
desired goal, which is to silence cellular phonesin alimited area [1]. The way that they have chosen to
do thisis by using “Quiet Cell” technology which they developed. This consists of a small device about
the size of a smoke detector called the “Quiet Cell Control Unit.” This device is recognized by cellular
phones at a radius of about 2 meters (about 100 sgquare feet of floor space). Once the device is
recognized, it tells the phone to change to a channel that is not active, which keeps the phone from
sending or receiving information from its original base station (tower). It is also possible to get control
units that cover alarger area, up to 10,000 square feet. In the United States, however, this technology is
considered a cell phone jammer, which is illegal. Because of this, Cell Block Technologies is
concentrating their efforts outside of the United States, in places where the technology is not considered
illegal. This deviceis not available to small volume retail customers. Their primary market consists of
prisons, religious institutions, and foreign embassies [1].

BlueLinx, a North Carolinabased corporation, is also developing away to silence cellular phonesin a
confined area[2]. They do this through the use of Q-Zone technology. Q-Zone technology consists of a

small device that communicates to cellular phones in a predetermined area through a Bluetooth
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connection. Since Bluetooth is not on most cellular phones in use today, the device is not commercialy
available, and only the general concepts are released to the public. The technology has two parts: the base
station and the software on the phone. The base station sends out a Bluetooth signal to all Bluetooth
enabled devices in its range. The range is not strictly specified, but they claim to be able to cover sizes
from small conference rooms to a multiple screen movie theatre. This area is called the Quiet Zone.
When a Bluetooth device enters this zone, the Q-Zone device initiates a brief communication with the
Bluetooth device telling it to be quiet. The Bluetooth device will then shift to quiet mode, based on the
type of device (i.e. PDA, cellular phone, etc.). For example, one phone might turn to vibrate mode, while
another would just turn down the volume to avery low level. Aslong as the mobile phoneisin the Quiet
Zone, these settings will hold, but upon leaving the area, the original settings will be restored. The goal
behind the Q-Zone technology is not to interrupt service to the phones, but to reduce or eliminate the
distractions that could be caused by these devices. Since the communication is through Bluetooth, only
devices with this technology and the software can be controlled. The software is currently only available
on aroyalty-free licensing to handset manufacturers.

BlueLinx also holds a patent for “politeness zones for wireless communication devices.” [3] This
patent seemed to be exactly what the Silence is Golden team was planning on implementing. However,
upon closer inspection of the patent it was noted that the “politeness zone transmitter” was defining the
politeness zone. Team 6's idea is to make a device that acts similar to a gate; that is when a cdlular
device passes in proximity of a base station, the settings will be changed to a silent or vibrate mode. The
device will remain in the silent or vibrate state until it passes through the proximity of a base station for a

second time, or atime limit has been reached.

3.3.2 Base Station
The major components involved in creating the base station, were a Bluetooth Integrated Circuit

(Bluetooth 1C), and the surrounding circuitry. The surrounding circuitry involved research into

processors, memory, and supporting components like resistors and capacitors.

3.3.2.1 Bluetooth IC
Research for the base device primarily consists of researching a Bluetooth IC. Initially a goal of the

project was to design as much of the circuit as possible, but research into the operation of Bluetooth and
the components required to implement Bluetooth found that it would be nearly impossible to design the
circuit at this level. The operation of Bluetooth requires many components that had to interact in a very
precise way at high frequencies. Some of these components are a microcontroller interacting with a
memory management system, and code from memory executing and sending data to radio components
that are operating at 2.5GHz. In light of thisinformation, the focus shifted from designing a complicated
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Bluetooth I1C from scratch to designing an IC that had Bluetooth and most of the essential components
included. It was not difficult to find these types of ICs, but most of the manufacturers provided limited
datasheets and information.

The BlueCore2 IC was found at a reasonable price of $54 for a quantity of five [4]. BlueCore3 and
BlueCore4 ICs are dlso available at variable prices. The specifications concerning the decision between
these ICs are package size, price, and whether the IC has the ability to run software without an external
host. CSR isthe manufacturer of this IC, and their support website provides a lot of helpful information
[5]. Thesite providesin depth datasheets, application notes, example circuit designs, and much more.

Other 1Cs were aso researched to compare to the BlueCore2 IC. A decision matrix is shown in
Table 1. The three Bluetooth modules selected are the BlueCore2 Externd, the LMX9820A from
National Semiconductor, and the CXN1000 from Sony.

Table 4: Decision matrix for Bluetooth I1C

Device Package | Features | Price | Availability | Documentation Total

Weighting 20 15 5 25 35 100
BlueCore2 External 5 12 4 23 30 74
LMX9820A 2.5 11 2 10 20 45.5
CXN1000 10 14 0 0 12 36

The first criterion in the decision matrix was the package, which included the type, size, and pin
configuration of the IC. The weighting for this criterion received a 20 because a good package allowed
the IC to be mounted easily to the circuit board. The BlueCore2 Externa received a 5 because the
package was very small with a 96 pin ball grid array configuration [6]. The LMX9820A received a 2.5
because it was available in a package very similar to the BlueCore2 External, but it had 116 pins[7]. The
CXN1000 received a 10 because it was available in adightly larger package with 36 pins[8].

The second criterion was the features included on the IC. This criterion has a weighting of 15
because more features provided an easier design. The BlueCore2 External received a 12 because it
included the essential Bluetooth components, and it allowed software to be executed without a host [6].
An 11 was given to the LMX9820A because detailed information of the features was not found, but it was
advertisad to include al the necessary Bluetooth components [7]. The CXN1000 received a 14 because it
had all the features of the BlueCore2 External, but it also included a radio filter and voltage regulators
onboard [§].
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The price of the IC was the third criterion. This received a weighting of 5 because al the other
factors were more important than the price. The BlueCore2 Externa was available in quantities of five
for $54. This price fit within the provided budget. Therefore, it received a 4 in the matrix. The
LMX9820A was available at about $35 each from Arrow Electronics. This fit in the team’s budget as
well but is much more expensive than the BlueCore2 Externa, so it received a 2. A price for the
CXN1000 could not be found and therefore it was given a 0.

The availability of the IC was also an important criterion in the decision matrix. If the IC was not
available then it couldn’t be used, so this criterion received a25. The BlueCore2 External received a 23,
because there was no lead time specified at the given price [4]. There was a six week lead time at Arrow
Electronics for the LMX9820A. This was not a major problem because if the decision were made to
purchase this device the module would still arrive in time to implement. However, if something went
wrong and another LMX9820A needed to be purchased later, the lead time could have presented a
problem with the May deadline. For these reasons, the LM X9820A received a 10 for this criterion. Since
no pricewas found for the CXN1000, the IC did not seem to be available in the US, so it was given a 0.

The last and most important criterion was the documentation provided with the IC. This criterion
received a 35 because the documentation provides the team with the information needed to design using
the particular IC. The BlueCore2 proved to be the best choice on documentation because the datasheets
that were provided clearly outlined four modes of operation that pertain to software. One mode allows
software to be run entirely onboard without the need for an external host. This means that the BlueCore
IC can operate as a processor to execute the client program written by Team 6 [6]. The BlueCore2
External’s manufacturer provided vast amounts of information for its products, but there was little
information found that describes the software execution of the IC. These reasons gave the BlueCore2
External a 30 for documentation. National Semiconductor did not give a free detailed data sheet for the
LMX9820A, but it looked like more information was available to members of the Simply Blue
development page. Since there is probably a lot of information that the team cannot access without
purchasing the IC, the LMX9820A received a 20 for the documentation. The CXN1000 had a 24 page
datasheet that had some good information, but no other information was found relating to this product.
Therefore, the CXN1000 received a 12 for the documentation.

The weighted totals in the decision matrix show that the BlueCore2 was clearly the best choice for the
design team to purchase. As can be seen from table 1, documentation was the leading factor in the
decision matrix. This was a major reason for considering the BlueCore2 IC over the other options. The
remaining weighted totals in the decision matrix showed that the BlueCore2 was clearly the best choice

for purchase.
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The research for the remaining hardware components revolved around the selection of the Bluetooth
IC. Since the BlueCore ICs looked like the best choice, research continued, so that other components
needed to operate the BlueCore IC could be found. Manufacturers were searched for voltage regulators,
resistors, capacitors, antennas and filters. These components depended on the final circuit design, so the

next step wasto create afinal schematic for the prototype.

3.3.2.2 Supporting Hardware Components
It was later discovered that the BlueCore IC would be unable to work without supporting circuitry.

Although the BlueCore IC had an onboard processor and memory, it was impossible to access these
devices without the assistance of expensive equipment. In order to use the BlueCore IC for prototyping
and production, more hardware would be needed. This included a microprocessor, flash Read Only
Memory (ROM), and Random Access Memory (RAM). The maor issue was finding components that

were compatible with each other.

3.3.2.2.1 Prototype

To address the problem of prototyping, a coldfire development board from a previous design team
was investigated. It was discovered that the development board could perform all the needed
functionality to support the BlueCore IC. Due to lack of funds and time, the coldfire board was the only
choice to use with prototyping, so a decision matrix wasn't even constructed.

Another challenge presented was interfacing the BlueCore IC with the coldfire development board.
The BlueCore IC package came with a Universal Serial Bus (USB) development board that could be used
with a USB port. The USB development board was used with a computer and a laptop to simulate the
base station software, however, the coldfire board did not have a USB port. The interfacing mechanisms
available on the coldfire board were: a seria port, a data bus, and I°C. The BlueCore IC didn’t have the
ability to use I°C, so only the seria port and the data bus could have potentially been used. A decision
matrix was used to find out the best means of interfacing the BlueCore chip, see Table 5.

Table5: Decision Matrix for Interfacing Bluetooth |C

Device Compatibility | Familiarity | Ease Documentation | Total
Weighting 20 25 30 25 100
Serial 20 25 20 25 90
Data Bus 15 10 15 10 50
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The firgt criterion was compatibility. Compatibility encompasses the devices ability to even work
with the BlueCore IC. It was discovered through research that the BlueCore IC could be integrated by
means of aUniversal Asynchronous Receiver/Transmitter (UART) controller. Thisisalso known as
serial transmission, so it was deduced that the BlueCore IC was fully compatible with a seria port. The
serial port got the full 20. There was less information regarding the data bus, but since the data bus is
used to control every device on a computer, it was assumed the BlueCore IC was compatible. The data
buswas given a 15.

The second criterion was familiarity. Everyone on Team 6 was pretty familiar with serial ports and
how they work. So the serial port got a25. Asfor the data bus there was less familiarity, so it got a 10.
Ease of integration was the third criterion. It was assumed the BlueCore IC would be hard to integrate
with both devices. The serial port got a 20, because a RS232 plug could be purchased, to put into the
serial port on the coldfire board. If the data bus was used, wires would have to be attached directly to the
board itself, so the data bus got a 15.

The last criterion was documention. There was a lot more documentation regarding the use of the
serial port. In addition, UART and RS232 are standardized, so it got a 25. There was some
documentation in the coldfire manual on the data bus, but online documentation was a little confusing.
The data bus received a 10.

A picture of what the prototype might look like is shown in Figure 2. The attachment on the left of
the figureisthe BlueCore IC interface plug into the serial port.

VNaIei8iq,

Figure 2: Desired Coldfire and BlueCore I C Prototype

3.3.2.2.2 Production Model
Although funding permitted the full implementation of a base station, it was still important to create a

model with parts that could function together. The most important component to find was a
microprocessor, and a decision matrix was created, see Table 6. The microprocessor is responsible for
controlling everything in the integrated system.
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Table 6: Decision Matrix for Microprocessor

Microprocessor
PART Price | Ease of Integration | Compatibility | Speed | Documentation | Total
20 10 40 10 20 100
MCF5249LPV140 18 10 40 5 15 88
NG80960JT100 15 8 20 3 20 66
MCF5249LPV120 20 8 35 5 15 83
MCF5470ZP200 12 10 35 10 15 82

According to the decision matrix the MCF5249LPV140 microprocessor was chosen for the
production design. Interestingly, this was the ColdFire processor that was on the development board used
in prototyping. The mgjor design criterion was compatibility. Since we knew the BlueCore IC could
work on the development board we knew that the processor was compatible. Therefore, the
M CF5249L PV 140 microprocessor got a 40.

The next component that needed to be found was the flash ROM. The flash ROM would be the
medium where the base station software would be stored. A decision matrix for the flash ROM can be
seeninTable7.

Table 7: Decision Matrix for Flash ROM

Flash ROM

PART Price Ease of Integration Size Documentation Total

40 20 10 30 100
M28W320CT90N6 25 20 10 30 85
LHFOOL12 23 18 10 5 56
M29F032D70NGT 12 10 10 30 62
JS28F640P30B85 15 20 10 10 55
AT49BV160C-70TI 40 20 5 30 95
AT49BV320-11T1 2 20 10 30 62

All of the flash ROM’s in the decison matrix were compatible with the MCF5249LPV 140
microprocessor. So compatibility was not a mgjor issue. The amount of storage was directly dependent
to the size of the base station software. Since the base station software was small, the size of the storage

was not important either. The most important component that went into flash ROM was price and
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documentation. The AT49BV 320-11T1 flash ROM did well in both of those categories, and it ended up
being the best chaice based on the decision matrix.
The final mgjor component for the supporting circuitry was the RAM. The RAM allows for fast
access to the base station program. A decision matrix is shownin Table 8.
Table 8: Decision Matrix for RAM

SDRAM
Ease of Lead
PART Price | Integration | Size | Speed | Documentation Free Total
30 25 15 15 15 Yes=1 100
MT48LC4M16A2P-75:G TR 30 25 12 15 13 1 96
MT48LC4M16A2TG-75:G TR 30 25 12 15 13 0 95
MT48LC8M16A2P-75:G TR 20 25 15 15 13 1 89
MT48LC8M16A2TG-75:G TR 20 25 15 15 13 0 88

Similar to the flash ROM the price was the most important criterion. Ease of integration was aso
important, but all four parts could be easily integrated with the other components. Two devices actually
tied, so the deciding factor was the fact that the MT48LC4M16A2P-75:G TR RAM was lead free. Lead can
pose it poses toxic effects to the environment, as well as be a harmful poison to human beings [7].
Therefore, it was ethically appropriate to choose the lead free device.

3.3.3 Mobile Phone

The client program will run on a mobile phone. Therefore, in order to properly prototype the client
program, a compatible mobile phone must be found. The mobile phone research was focused in two
areas: cellular device and software development kit. The cellular device must be researched to determine
if it can connect the base station, and if it has the capabilities of running the chosen program. This also
means it must be compatible with the chosen programming language. Secondly, available SDK’s must be

researched to ensure that the programming language used can be used on the cellular device.

3.3.3.1 Cellular Device
In order to use a mobile phone in the proposed system, the phone had to meet a few important

requirements  Most importantly, the phone had to have Bluetooth Technology in order for it to
communicate with the base station. Secondly, a programming language that can be used to implement the
client program must also be available on the phone.

There were several programming languages that could have been used to control the cell phone.

However, the programming language chosen directly impacted the type of phone that could be used. The
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three programming language candidates were Java, C++, and Python, which isvery similar to C++. The
most promising language was Java, because it was more familiar to the team than Python, and it was
believed it would provided the desired functionality to implement the client program. Also, since the
program was to be optionally downloaded by a user, then Java had an advantage over the other languages.
Java games and other programs can already be downloaded on Java-enabled phones, so downloading a
Java programming to a Java-Enabled phone was very feasible. If the program was written in Java, the
phone being used must be Java-enabled.  Java-enabled phones are new, so cost becomes an important
factor. Also, it wasfound out that Java did not provide easy low level access to phone settings.

A less powerful aternative was C++. C++ is not a native programming language for a large number
of phones that are on the market today, but is limited to smart phones. Also, unlike Java, C++ provided
low level access to phone settings. C++ was the most familiar programming language to the design team,
so it would require aminimal learning process. Another programming language that is based of C++ was
python. Python was unfamiliar and would require extra time to learn the programming language. Like
C++, though, Python would not require aJava-enabled phone.

Bluetooth technology, the type of programming language, and cost were the most critica
requirements when purchasing a cellular phone for testing, but there were other properties that were
researched aswell. The amount of free memory available on the phone had to be considered, even though
most phones provided plenty of memory for storage. The method of transferring the program to the
phone was also an issue. Most phones, like the Java enabled phones, can transfer programs and
information viaa Universa Seria Bus (USB) cable. Finally, the program interaction with the phone was
considered. It was important that the functionality of the phone (namely the ring settings) could be
accessed. After meeting with our consultant, Tim Theriault from Smiths Aerospace, it was determined
that we should meet with severa cell phone vendors to discuss how the settings on the phone can be
saved and how the phone can/will run the client program.

This advice turned out to be very valuable. Very few phones would allow third parties to access the
lower functionality of their phones, like ring settings. One of the few phones that would allow access to
the ring functionality was the Nokia 3650. The Nokia 3650 ran on the Symbian Operating System (OS),
which was well documented online. The Symbain Operating System also alowed for a free
downloadable development environment. The Nokia 3650 also had Bluetooth Technology and supported
the C++ programming language. Table 9 shows a design matrix that assisted in deciding the mobile

phone.
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Table 9: Decision Matrix for M obile Phone

Mobile Phone
Programming Bluetooth Method Feature
PART Price Language Memory Enabled of Transfer Access Total
10 10 5 40 5 30 100
Nokia 3650 10 10 1 40 3 25 89
Motorola MPx220 1 5 40 5 64
Motorola RAZR V3 3 40 4 5 62
Nokia 3660 4 10 1 40 3 25 83

These cell phones had to be compatible with a Software Development Kit (SDK). SDK’swill be

discussed in the next section.

3.3.3.2 SDK Research
Researching and deciding on a Software Development Kit (SDK) was directly dependent on the type

of cell phone that was used. A lot of SDKs are designed specifically for one cell phone model.
Therefore, it was important to know what type of cell-phone as well as the SDK that was to be used in
prototyping.

In the case of the Python mobile phones, the most promising SDK was the Python Series 60 SDK
[13]. Only Nokia series 60 phones can be used with this SDK [14]. The SDK could provide all the
functionality that was needed, as long as the phone was a series 60. The Python Series 60 SDK is also
free, so that eliminates an item that would have to be purchased

In the case of C++, the Symbian OS C++ SDK was to be the software development kit. Like the
Python Series 60 SDK, the Symbian OS C++ SDK can provide all the functionality needed for the
program.

The SDK that would have been used with a Java phone would have been the Java 2 Standard Edition
(J2SE) [15]. Java 2 Plaform, Micro Edition (J2ME) can be used to provide the environment to run J2SE
on the cdll phone. J2ME was designed to work on cell phones, plus other packages could have been
downloaded to implement new technologies like Bluetooth [16]. J2ME and J2SE are both free to
download.

As stated before, the chosen phone would directly impact which SDK could be used. Since the Nokia
3650 was determined as the best phone for prototyping, the Symbian OS C++ SDK was chosen by
defaullt.

3.4 Design
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3.4.1 Design Considerations and Criteria
When creating any product, there are many facets of design that must be considered and, as with any

problem to be solved, these must be approached from various angles. The design of the BlUGate system
isno exception. The most prevalent condderation throughout the design process was that of minimal user
interaction. The usefulness of the system stems from the removal of responsibility from the user.
Keeping this in mind, the issue of invasion of privacy is called to mind. Does a system have the right to
manipul ate the personal maobile device of an individual? This question was kept in mind when designing
the basic functionality and interactions of the system. The size and appearance of the production base
station model was aso a consideration, as the appearance of a product can sometimes determine its

marketability regardless of functionality.

3.4.2 Design Alternatives and Analysis
The team had limited ability to design and simulate alternate designs. The preliminary research in

section 3.3 above showed the complexity of the Bluetooth ICs and that they are very expensive. All of
the aternative Bluetooth 1Cs would have been impossible for the team to solder, since a typical IC
contains about 96 pinsin a BGA in under one sguare centimeter. Also, these IC would have required an
even more expensive development kit. For example, the CSR Bluetooth |Cs were the best option for the
team to use, but this IC required a $3000 development kit[22][23]. A7 Engineering provided the best
solution for the team'’s project, which was an affordable development kit that included the Bluetooth 1Cs
on a solder able breakout.

The aternate connection methods would have been too expensive for the team to test and simulate.
The Bluetooth connection method was decided based on decision matrices in section 3.4.3 Based on the
preliminary Bluetooth research, there were no reasonable alternatives to the A7 Engineering breakout
board. However, aternatives were considered for other components of the prototype. The power supply
for the prototype was originally designed to be battery powered. To stay within the project budget, the
team placed cost at higher priority than power efficiency.

3.4.2.1 Testing
The battery power supply is shown in Figure 3 below. This circuit contained a low battery indicator

LED. Theteam decided that the base station required alow battery indicator so that the user would know
when the battery needed to be changed.
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Figure3 Battery Power Supply Circuit

This circuit contains a simple comparator to monitor the battery power and turn on the LED when the
battery voltage drops below a certain value. The op amp is powered by the unregulated battery voltage.
The green LED, D4, isthe power LED that indicates when power is supplied to the base station. The red
LED isthe low battery LED. It turns on when the battery voltage drops below 5V. This allows the red
LED to be on for a little while before the circuit shuts down due to low battery voltage. The 3.3V
regulator, IC1, can operate down to just over 3.3V input. The voltage divider, R1 and R2, was configured
to provide 3.3V to the negative input of the op amp when the battery voltage is equal to 5V. When the
battery voltage drops below 5V, the voltage divider will provide a voltage less than 3.3V. Thiswill cause
the op amp comparator to output the same voltage that is currently coming from the battery. Resistor R3
was chosen to cause transistor Q1 to be saturated when the op amp is outputting high voltage. The
transistor in saturation has a near zero voltage drop from collector to emitter. Resistor R4 was selected to
limit the current through the LED to 10mA so that the LED will function properly. This circuit was not
be used because too much power is required for the components used in the final circuit. A battery would

not last long enough to be a practical power source for the prototype. See section 3.4.2.2.

3.4.2.2 Hand Analysis

The power requirements for the prototype circuit did not alow for sufficient battery life to make
battery power a good choice. The total current for the prototype circuit powered by the battery circuit
wasabout 60mA. Table 10 below, shows how the total current was cal cul ated.
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Table 10 Total current in battery powered prototype

Part mé

4 LEDs 40
opamp output 0172
opamp supply 1
Fegulatar guiescent 5
EB100 input 3
Transceiver supply 10
Yoltage divider 0.3
Total 59.472

A typical 9V battery has an operating life of 8 hours at 60mA [24]. This is not an acceptable
operating time because the team specified in the project requirements that the base station should operate

for at least two weeks with asingle 9V battery if batteries were selected as the power source.

3.4.3 Decisions
This project required many design decisions for both the hardware and software sections. In addition

to the decisions for the design, some decisions were made for the prototype to ease devel opment.

In an effort to determine the best method of connection for the design, a decision matrix was made to
weigh the different options against the criteria, see Table 11. The criteria were selected to reflect the most
important aspects being sought in the connection method. The amount of user interaction required was
the most important factor. The connection method should require the least amount of work on the part of
the user. Due to this, the user interaction criterion was weighted at 60 percent. The four other criteria
were considered to be of equal weight because they could all be worked around if the other criteria prove

to be strong. In the decision matrix, higher numbers demonstrate better performance.

Table 11: Connection M ethod Decision M atrix

Device User Interaction |# of Connections |Implementation complexity |Speed |Availability [Total
Weighting 60 10 10 10 10] 100
Infrared 20 2 10 5 10 47,
ocking Station 10 2 5 5 10 32
ICellular Network 5 10 2 5 10 32
Bluetooth 60 8 5 8 5 86

Infrared (IR): The user interaction of this connection method received a 20 because it required the
user to hold the device's IR port in line of sight. IR is capable of only one connection at a time, lending
this criterion atwo. Therewas, of course, the possibility of using multiple IR ports, but this would still
require too much user interaction for our application. IR isasimple standard of communication that has
been used for many years and would be easy to implement in hardware. The complexity of

Senior Design 2006 Calvin College Engineering 25
Team 6



Blugate Final Design Report May 16, 2006

implementation was therefore given a 10. The speed with which this connection could be created was
dependent upon the user presenting their phone and properly aligning it. This lengthy process, from the
perspective of modern electronics, gave IR speed avalue of five. Since IR has been used for many years,
the components for its implementation are easily obtained and it is used on many modern phones. The IR
method therefore received a 10 for this category.

Docking Station: The user interaction of this connection method received a 10 because it required the
user to place their phone in a docking cradle — arguably a difficult task. The docking station would be
capable of only one connection at a time without becoming cluttered, lending this criterion a two.
Designing a docking station that would accept al models of cellular phone would have been extremely
difficult, as each phone manufacturer has a different connector design. The complexity of
implementation was therefore given afive. The speed with which this connection could be created was
dependent upon the user presenting their phone and properly inserting it into the docking cradle. This
lengthy process, from the perspective of modern electronics, gave the docking cradle speed a value of
five. Since docking cradles have been used for many years, the components for implementation are easily
obtained as al phones are designed for some form of cradle interface. The docking station method
therefore received a 10 for this category.

Cedllular Network: The user interaction of this connection method received a five because it required
the user to provide their persona cellular phone number, as well as accept any call or data transfer sent to
the phone from the base. The cdlular network is capable of contacting all of the required phones at the
same time, lending this criterion a 10. The cellular network is well established technology. This method
would require hardware to interface with this network and contact the phones. However, creating the
capability to change settings on the phone via this network would present insurmountable challenges, as
this form of interaction would infringe upon proprietary phone features. The complexity of
implementation was therefore given a two. The speed with which this connection could be created is
dependent upon the cellular network and the speed with which the user accepted the incoming call. This
lengthy process, from the perspective of modern electronics, gave the cellular network speed a value of
five. Since every cellular phone requires use of the cellular network, availability receivesa 10.

Bluetooth: The user interaction of this connection method received a 60 because it required no user
interaction. Bluetooth is capable of up to seven simultaneous client connections, lending this criterion an
eight. Bluetooth is arelatively new technology, but is also rlatively contained. The Bluetooth standard
is contained within its IC implementations. Due to this, the hardware design needed only to incorporate
this IC. The IC packages, however, are difficult to interface without sophisticated component mounting
equipment. The complexity of implementation was therefore given a five. The speed with which this

connection could be created was dependent upon the paging time of the Bluetooth connection — 1.804
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seconds. [17] This is the fastest connection speed that could be expected from any of the considered
connection methods and was given a value of eight. Since Bluetooth is still areatively new technology,
it is not on every cellular phone on the market today. Bluetooth has been well received, however, and is
being included in most of the new phones being produced. Bluetooth has strong potential for the future,
but due to its current lack of availability, this criterion received a five. Based upon the decision matrix,
Bluetooth was chosen as the connection method.

While the initial scope of this project specified Java as the programming language for the client
program, further research done after the writing of the specifications document showed MIDP, the Java
protocol for mobile devices, to have only superficial hardware control. Due to this, a new programming
language was needed, and C++ provided this. The initia intent with choosing Java as the coding
language was to allow for maximum portability between various mobile platforms. The switch to C++
reduced this cross-portability, and a cellular phone had to be found that would allow access to lower level
functionality through user-written C++ programs. The phone that met the criteria and was aso not too
expensive for the prototyping budget was the Nokia 3650 running on the SymbianOS S60.
Unfortunately, a side issue to coding in C++, and to accessing such low-level functionality as ringer
settings, is the loss of generalization. The code for the prototype is specialized to the device for which it
was developed. Therefore more changes, and in some case significant changes, may be required to port
the program to other mobile devices.

The base gtation functionality was also initialy specified to be written in the Java programming
language. The Bluetooth chip that was selected had a virtual machine built in and processing capabilities.
However, the breakout board that was chosen, the EB100 form A7 Engineering, did not allow access to
this functionality of the CSR BlueCore chip off of which it was based. Due to this, it was necessary to
have a host processor. It was decided to use embedded with this processor for three reasons: 1) Linux is
free; 2) Linux is well known and documentation help exists; 3) Linux has severd Bluetooth software
stacks available. The stack chosen was BlueZ upon the suggestion of Bryan Hall from A7 Engineering.

When searching for a Bluetooth chip, it was discovered that they are normally only available from the
manufacturer in BGA packages, usually measuring less than a centimeter square. The capacity for
soldering such packages does not currently exist a Calvin College, so it became necessary to find a
breakout board. After searching for sockets and breakout boards, the EB-100 from A7 Engineering was
found. This board provided the functionality of the Bluetooth chip in a more easily solderable package.
However, as discussed previously, some issues did exist regarding communication and documentation
with A7 Engineering as to what functionality was accessible. Despite this lack of documentation, it was
decided to proceed with the use of this board due to time constraints and the apparent lack of other

options.
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The new requirement of a host processor for the base station due to the use of the A7 Engineering
board was not received until later in the second semester. At this time, Professor Steven VanderL eest
suggested the use of the Motorola ColdFire processor, as adevelopment kit was readily available for use.
Further research showed that this processor would indeed fulfill the functionality of a host processor, and
the design proceeded with this processor.

3.4.4Implementation
3.4.4.1 Detailed Engineering Drawings
3.4.4.2 Assembly Drawings

3.4.4.3 Circuit Diagrams
Circuit diagrams were made to help design and make the circuits for the project. Eagle Layout Editor

was used to make the schematics for the base station prototype. This tool allows for custom parts to be
easily made and used in the schematic. The schematic for the production design was made using

Microsoft Visio. The final prototype schematic isshown in Appendix C.

3.4.43.1 Prototype
The Prototype circuit consisted of three major parts. The power supply, Bluetooth interface, and

RS232 transceiver were all designed separately then connected together in a single schematic. Some of
the prototype PCB production was outsourced to PCB Express, and some of the PCB production
was done with the available on campus facilities. All of the PCBs were populated by the team.

3.4.43.1.1 Power Supply

A simple power supply was used for the prototype. SeeFigure 4. The regulator is a simple three pin
plastic can IC. This device is made for battery applications so it has a low input current requirement. It
can take an input up to 30V. The two pin connector allowed for an easy connection from a power supply
to the circuit board. A filter capacitor was placed on the input and output of the regulator. The
regulator’s datasheet specified at least a 2.2uF capacitor on the output. No 2.2uF capacitor could be
found on campus, but the 4.7uF capacitors were available for free on campus, and the 4.7uF still meets

the requirements given in the datasheet.
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Figure 4 Prototype Power Supply
The capacitor on the input of the regulator was added after initial testing because there was some
oscillation from the power supply that caused the output of the regulator to be above 3.3V. The green
LED lights when theregulator isreceiving an input. Resistor R8 limits the current through the LED to be
10mA so that the LED shines brightly.

3.4.4.3.1.2 Bluetooth Module
The Bluetooth module did not require a lot of surrounding circuitry. The module contained most of

the required components onboard for the Bluetooth I1C to function. This included memory, oscillator,
regulators, and some passive components. Figure 5 shows the Bluetooth module with surrounding

circuitry.
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Figure 5 Bluetooth module and surrounding cir cuitry

All of the ground pins (1, 3, 17, 32, and 34) have been grounded. Pin 2 is not supposed to be
connected to anything. Pins 4 and 5 are used for analog input/output, but these were not needed for this
project. The reset, pin 6, is connected to an RC circuit. This circuit holds the Bluetooth module in reset
for 5ms while the power supply is reaching its target output voltage. Thisis needed because the memory
on the module needs 3.3V and the microprocessor needs 1.8V. If the microprocessor receives 1.8V
before the memory has 3.3V, then the microprocessor will try to fetch data from the memory before the
memory isready. Pins 7 through 10 are used to program the onboard memory during the manufacturing
of the Bluetooth module. The team did not use these pins for the project. The UART interface, pins 11
through 14, were connected to the RS232 transceiver, which will be explained more in sections
3.4.4.3.1.2 and 3.4.4.3.1.3. The Bluetooth module CTS pin was connected to the RTS pin on the base
station host processor, and the Bluetooth module RTS pin was connected to CTS on the host processor.
The Bluetooth module TX and RX pins were connected to the RX and TX pins, respectively, on the host
processor. This connection configuration alows for hardware flow control between the module and the
host processor. Pin 15 isa 1.8V output from the regulator that supplies the 1.8V to the microprocessor.
The output of the 3.3V regulator, described in section 3.4.4.3.1.1, was connected to pin 16. This supplies
power to the Bluetooth module. Pins 18 through 21 are used for audio applications and were not needed
for this project. Both of the USB interface pins, 22 and 23, were grounded since the UART was used.
This was done on the suggestion of Bryan Hall from A7 Engineering. Programmable 10 pins 24 through
29 were not used in this project. Pins 30 and 31 are programmable 10 pins that were used to indicate
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when the modul e is transmitting and receiving data on the antenna. The LEDs turn on when datais being
sent and received. The diode on pin 30 will blink when data is being transmitted, and the diode on pin 31
will blink when data is being received. Resistors R9 and R10 are used to limit the current through the
LEDs so that they will function properly. Pin 33 is connected to a 50 ohm antenna. This is an edge

mounted sma antenna.

3.4.4.3.1.3 RS232 Transceiver
The RS232 Transceiver was needed because the UART outputs from the Bluetooth module are 3.3V

TTL signals. This means that the signals are asserted either 3.3V or 0V to transmit data. The RS232
standard uses 5V to -5V signals. The -5V corresponds to the 3.3V TTL from the module and 5V
corresponds to OV TTL from the module. The RS232 transceiver converts the voltages so that these two
devices can communicate with each other. The prototype connects to the host computer with aDB9 serial
port. Thisisacommon 9 pin connector available on most computers. The RS232 Transceiver is shown

inFigure 6
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Figure6 RS232 Transceiver

The pins of the transceiver were connected as described in section 3.4.4.3.1.2. Pin 1, R20UT, was
connected to the CTS pin of the Bluetooth module. Pin 2, INVALID, is an active low output, and will
output high if avalid RS232 signal is present on areceiver. Pin 2 was not used in this project. Pins 3 and
4 were connected to the TX and RTS pins, respectively, on the Bluetooth module. Pin 5 can be driven
high to force the receivers and transmitters to be active, but it was not used for this project. Pin 6 was
connected to the RX pin on the Bluetooth module. Pins 7 and 8 were connected to the CTS and TX,
respectively, on the host processor. Pin 9 is VCC for the transceiver and was connected to the 3.3V

output of the regulator for the prototype. Pin 10 is used to shut down the receivers and transmitters and is
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active low; driving this pin high prevents the transmitters and receivers from being shut down.
Pins 11 through 17 are outputs from internal capacitors and charge pumps, and these were not connected.
Pin 18 is the ground pin for the IC. Pin 19 was connected to RX on the host processor. Pin 20 was

connected to the RTS pin on the host processor.

3.4.43.1.4 PCB Layout
The PCB layout of the prototype was done using the Eagle Layout Editor. This program allows a

PCB to be generated from a schematic. Thisis a much easier method than placing the parts and drawing
traces manually. A schematic allows for easier debugging and changing of connections. After the traces
were generated by the software, some modification was required to make the PCB easier to solder and
debug. Some of the traces were moved for easier access so that they could be probed witha DMM. The
PCB layout in Figure 7 is not the PCB that was constructed for the project night.
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Figure 7 Prototype PCB Layout.
This latest PCB layout includes the RS232 transceiver on the same board as the rest of the circuitry.
For project night the RS232 transceiver arrived after the PCB from PCB Express was ordered, so a board
was made on campus to connect to the board from PCB Express. The PCB layout in Figure 7, above, is

what the next PCB order might look like for future work on the project.

3.4.4.3.2 Production Modd
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The Production model was designed so that the team would have an initial design if mass production

of the base station were to be considered. In Figure 8, the major components of the production design can

be seen.
MCF5249 Procassor
I Oscillator
Bluetooth
Module  [* "
F Y
. Data
r 1:16
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Figure 8 Production Block Diagram
The base gtation is similar to a small computer. There is a CPU, Flash memory, which islike a hard
drive, RAM, a power supply and an oscillator. The base station also has a Bluetooth module. A more
detailed system diagram can be found in appendix D. This diagram has all the signals labeled and
denotes which subsystem they belong to. The directions of these signals are also shown in the
diagram.

344321 CPU
The MCF5249 Coldfire V2 was the selected processor for the production base station. The pins on

the processor that were used can be seenin Figure 9.
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Figure9 Base Station Processor

The array of capacitors, at the top of Figure 9, were used to decouple the voltages to the processor.
These capacitors must be placed as close to the processor as possible. The CRIN pin on the processor
was connected to the oscillator to give the processor the required clock speed to run. The processor is

power with 1.8V and 3.3V. The other signals are discussed in the following sections.
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