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Executive Summary

The purpose of this project is to create a device that is able to pause, stop, and rewind an FM

radi o broadcast. We believe this wildl i mprove a
their favorite song again dhe radiol magi ne a wor |l d where you donét

program to answer a phone call. Our device will solve that problem.
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Abbreviations

puP Microprocessor

AC97 Audio Codec 1997

ADC Analog to Digital Cowverter
BOM Bill of Materials

DAC Digital to Analog Converter
DSP Digital Signal Processor

FM Frequency Modulated

GPIO General Purpose Input/Output
12C Inter-Integrated Circuit

12S Inter-Integrated Circuit Sound
kHz Kilohertz

MP3 MPEG-1 Audio Laye-3

MPEG Moving Picture Experts Group
PCB Printed Circuit Board

PCM Pulse Code Modulation

PPFS Project Proposal and Feasibility Study
(O Operating System

Ofcom Office of Communications
RBDS Radio Broadcast Data System
RDS Radio Data System

SBC Single Board Computer

SPI Serial Peripheral Interface
TBD To Be Determined

uUSB Universal Serial Bus

VCR

Video Cassette Recorder




1 Introduction

Calvin College is a liberal arts college located in Grand Rapids, MI. Founded ih 4836

seminary for tkb Christian Reformed Church, Calvin has grown to educate 2 year

students in a wide range of fields. Calvin Coll e
Board for Engineering and Technology (ABET) accredited degrees in Chemical, Giei;i ¢l

& Computer, and Mechanical Engineering. As part of the Engineering curriculum students must

complete the Engineering 339/340 sequence known as Senior Design. Each student, in a group of

4 or 5, studies and designs a solution to a problem ot torfiéed. This paper is in fulfillment of

the proposal requirement for this class.

1.1 Team

Calvin College Senior Design 20@807 Team 1, shown irigurel, is composed of five
electrical and computer engineeringdstats: Jordan Schaenzle, Peter Tuuk, Job Vranish, Bradley

Zoodsma, and Michael Zwagerman.

! http://www.calvinedu/about/history.htm
2 http://lwww.calvin.edu/admin/admissions/profile.htm



Figure 1 - Senior Design Team 1 Picture

Jordan Schaenzle is a senior electrical engineering major at Calvin College. Jordan haarparticul
interest in digital design as well as automotive electrical engineering. He spent the summer of
2006 working for Schrader Electronics Ltd, an automotive supplier of Tire Pressure Monitoring

Systems. Jordan enjoys playing his guitar, woodworking, anitipating in many sports.

Peter Tuuk grew up in Grand Rapids, Ml, attending Grand Rapids Christian High School. Over

the summer of 2006, he interned at Smiths Aerospace in Grand Rapids, MI, working on system
testing. Peter i s eamand®etretdryrofthe CavibLollege IEEECIuls. wi m t
Peter enjoys cycling and competing in triathloier graduation Peter is going to attend

Georgia Institute of Technology.

Job Vranish is a senior electrical engineering student at Calvin Collegertdatty works for
Smiths Aerospace as a software developer. He will be getting married to béefaiter he
graduates and will work for Smiths Aerospace, in Grand Rapids]d¥lenjoys programming

and working with computers any way he can.



Brad Zoodma is a senior electrical engineering student at Calvin College. He is currently
working in his third year at Smiths Aerospace in Grand Rapids, MIl. He worked on the systems
design team where he moderated many peer reviews and ran different tests. @adang
hardware design. He enjoys playing many different sports, and working on éteaBrad

graduates he will work for Rockwell Collins, located in Cedar Rapids, IA.

Michael Zwagerman is a senior electrical engineer at Calvin College. Hpdrasthe last year

also working on both firmware and hardware projects as an engineering intern at DornerWorks
Ltd, an electrical engineering consulting firm in Grand Rapids Michigan. Before that he worked
as an engineering intern at Innotec Group, a deeMichigan based manufacturing company.
After graduation Mike will work for DornerWorks Ltd.

We will work together to create a device called 1@\N.

2 Project

fmNOW isa TiVO-like product for radio. We have noticed that many times when a person listens
to the radio they change stations when a commercial plays. More often than not, when a person
switches stations, the song on the next station is in the middle of the song. Moreover, if the song

i s one that the wuser enj oMjosheatthedbegmning ofth@msongway t o f

That 6s where our project comes in. Our project i
pause, rewind, and save multiple radio stations. The user will be able to switch between multiple

radio stations and neveriss a second of music, news, sports or any other radio program. The

user may be able to transfer the songs from our device to a separatedesiedll eliminate

the frustration of missing your favorite song, that key play, or any of the informatiois #ta

i mportant in todayé6s worl d.

This paper will detail the results of our feasibility and design analysis over the course of the first
semester. We will start by outlining our general objectives for the project. Then we will lay out

the requirement fothe project completion.



3 Project Scope

This section describes the scope of the project.

3.1 The Challenge

Our team presented itself with a great challeNge.decided to make a digital radio recording
device.This was a fun project to work on because &pplicable to every one in our groige

can all relate to changing the station and catching the end of one of our favoritezomdgvice

takes in radio from the FM band, decodes it using an audio codec, and saves it in the memory of
the SBC.The useselects the statiomsing the LCD screen which sends a signal to the SBC

which in turn tunes the FM chips to change the stafidnnctional block diagram can be seen in

H r User Interface & LCD
Antenna Touch

Figure2.

Lf {R Screen
l ] GPIO
— L
Audio Codec
B FM Tuner —RP> UCB1400 :ﬁgg;;
Single Board
| ’ Computer
AC97
> J
nd hn = FM Tuner —R-P»> Aucc:igdrczlggec

T 12C Control

Figure 2 - Functional Block Diagram

From the abovediagram, it is easy to see that the Single Board Computer is critical to the

function of our desigriThe SBC is connected, and controls every part of the design.

3.1.1 Hardware

This secton describes thieardware aspects that we needed to make our project successful.



3.1.1.1FM Chip

We need to use a FM chip to take in the audio from the airwaves and create a signal we can

manipulate.

3.1.1.2MP3 chip

The MP3 chip is used in the compression of the auditak We need to compress the signal so
we can store a longer length of audio to the memory.

3.1.1.3SBC

The SBC is the brains of the entire projdictontrols the tuning of the FM chips, the display of
the LCD and the recording and playback of the audio file.

3.1.1.4LCD

The LCD is the bridge between the user and the function of the dékied.CD allows the user

to select different commands for the device to execute.

3.1.2 Software

3.1.2.1SBC

The SBC is the control of the projetttholds the software fagach component in odesign.

3.1.2.1.1LCD

The software for the LCD displays the different functions that device is able tondibdisplay
the play, pause, rewind, and fast forward butttnsill also have a status bar to show the amount

of stored information.

3.1.2.1.2FM Chips

The sdtware for the FM chips needs to be able to tune the chips to the different stations that the

user specifies.

3.1.2.1.3Audio Codec



3.2 Design Norms

As Christian engineers we have a responsibility to think about the Christian principles and norms

that apply to our preict.

3.2.1 Justice

Justice is one norm that we believe specifically applies to fmNOW. A design is just if it is
developed in such a way that its implementation is not unfair to any group of people or any
individual. The design must respect the rights of notontyd6 s user s but all of t he
involved. Many problems have come about with the introduction of digital media into our society.
These especially center on the new capability of copying and stealing music. One feature we are
considering implementmin our device is the capability to export stored audio files from the

device onto some form or portable media such as a USB flash drive or a similar product. The
intention of this feature is that a user would be able to record an audio clip from thanddi

transfer it to their computer. Our concern is that this would enable people to copy and distribute
music in a manner that is prohibited by copyright laws. After much consideration, our team has
decided that this issue will most likely not be a probfer our product. Our group did some

research and found that, in one case, the Supreme Court ruled that Video Cassette Recorder
(VCR) manufacturer Sony Corporation would not be held responsible for any copyright

violations that were perpetrated using thigvicé. Our product would not be doing anything
materially different than a VCR. Additionally, standard audio cassette recorders have been
capable of recording the radio for years. From this precedent our group concluded that our design

does not issuajustice.

3.2.2 Cultural Appropriateness

Another design norm, which in a way ties into the first, is Cultural Appropriateness. This design

norm requires that the product #dAfits ind to the
product, it is clear it fmNOW is culturally appropriate. We live in a time where, elementary

schoolage children are learning to operate computers and use portable Motion Picture Experts

Group (MPEG) Layer 3 (mp3) players, cell phones, and countless other technical gadgiets. Mu
playing devices are now being utilized in near/]l.\y
the car, the bathroom, the kitchen, the office, the lawnmower, built into winténjoatshame

the place, and someone has probably put a radio therdePeopr society love music

% Sony Corp. v. UniversalCity Studios Inc., 464 U.S. 4171984).



everywhere they go and fmNOW is designed to bring the enjoyment of music to the next level.
Our device will plug into a standard 120V electrical outlet which is accessible in every home that
has electricity in the U.S. Once ttlevice is turned on, it can be operated by nearly anyone who

can use a DVD player or frequency modulated (FM) radio.

3.2.3 Transparency

This also relates to the design norm Transparency. The idea behind transparency is that the user
interaction is simple andraightforward. The product should not operate in a manner that does

not make sense to a common user. Also included within the transparency norm is reliability. The
product should function as it is intended to function, consistent with the products setverits

and the userds expectations.

3.3 Requirements

The following is a list of minimum requirements that fmNQW meet

3.3.1 Prototype Requirements
3.3.1.1Functional

3.3.1.1.1The device shall be able to sampi# radio audio data from no less

than 2 FM broadcasts simultaneousin stereo quality

3.3.1.1.2The device shall allow the user to select atgtion inthe FM band for

listening

3.3.1.1.3The device shall allow the user to pause (for no less than 5 minutes)

and resume, one radio audio stream

3.3.1.1.4The device shall allow the user to listen to oraglio stream, switch to a

second radio stream ancwind upto 5 minutes, the second stream

3.3.1.1.5The user shall be able to rewind or fakirward theactive stream at a

rate of 10 seconds of recorded time per 1 second of real time



3.3.1.1.6fmNOW shall be able to storéata onto an onboard memory source
3.3.1.2Performance

3.3.1.3Power

3.3.1.3.1fImNOW shall be powered by an DC power source

3.3.1.4Size

3.3141The device shal/l be no bigger than
x D)

COMMENT: The market study showed that maximum dimensions for these typatiasf are
18.5 x 14.5 x 14 inches (W x H x D).

3.3.1.5Weight

3.3.1.5.1The device shall weigh no more than 10 lbs

COMMENT: This is so the device is easily moved
3.3.1.6Audio Quality

3.3.1.6.1The device shall minimally be able to store radio streams at a rate of
44.1 kHzat 16 bit digiaal quality providing a net raw digital quality of
172KBk"*

3.3.1.6.2The device shall be able fdayback audicstreams a#14.1 kHz
3.3.1.7Cost

3.3.1.7.1The prototype shall cost no more than $360

44100 samples/s x 2 Bytes /sample x 2. channels KB



3.3.1.8Storage
3.3.1.8.1The device shall be able to record up torbnutes perstation
3.3.1.91.1.9nterface

3.3.1.9.1The user interface shall be reasonalhtuitive with controls similar to

those of current radios and music listening devices
3.3.1.9.2The interface shall allow theiser toselect an FM broadcast to listen to

3.3.1.9.3The interface shall show the current station thatbging listened to as

well as the other stations being recorded

3.3.1.9.4The interface shall be able to show different screens to show different

functions

3.3.1.9.5A button shall be considered pushed once it has been engaged, not
when it is released. During the period whelnet button is held down,

pushing another button will not do anything

3.3.1.9.6A button push shall cause a noise to indicate to the user that it has

been pushed

3.3.1.9.7The interface shall allow theiser topause, resume, or rewind an

active broadcast

3.3.1.9.8The interface shall albw the user to pause, resume, rewind, or forward

a recorded broadcast

3.3.1.9.9The interface shall allow the user to switch from a paused broadcast to

any another broadcast and vieeersa

3.3.1.9.10 The interface shall allow the user to turn fmNOW on and off



3.3.1.9.11 fmNOW shall havea light that signals to the user if the unit is on

or not
3.3.2 Production Requirements
3.3.2.1Functional

3.3.2.1.1The device shall be able to sampi# radio audio data from no less

than 3 FM broadcasts simultaneously in stereo quality

3.3.2.1.2The device shall allow the user to selemy station inthe FM band for

listening

3.3.2.1.3The device shall allow the user to preset 4 stations and switch between

them

3.3.2.1.4The device shall allow the user to pause (for no less than 30 minutes)

and resume, one radio audio stream

3.3.2.1.5The device shall allow the @&s to listen to one radio stream, switch to a

second radio stream ancwind upto 30 minutes, the second stream

3.3.2.1.6The user shall be able to rewind or fafkirward theactive stream at a
2x speed by pushing the rewind or fast forward button. If the user
pushes the rewind or fast forward a second time the device will rewind
or fast forward at a rate of 5x speed. If the user pushes the rewind or
fast forward a third time the device will rewind or fast forward at a rate

of 20x speed

3.3.2.1.7fmNOW shall be able to transf storedfiles toanother source using
an external memory source such as USB, Compact Flash, Secure

Digital, or the like



3.3.2.2Performance
3.3.2.3Power

3.3.2.3.1fmNOW will be powered by a DC power source

3.3.2.3.2IMNOW will have maximum power dissipation of 20Watts

COMMENT: We are tryng to minimize cost; power is not our focus

3.3.2.4Environmental

3.3.2.4.10ur device shall operate in the humidity range of 0 to 80% non

condensing
3.3.2.4.2fImNOW shall operate at a temperature range of 0°C to 70°C

3.3.2.4.3fmNOW shall be able to withstand a vibration of 9.8 m/s2 at a
frequency of 10Hz

3.3.2.5Size

3.3251The device shal/l be no bigger than
x D)

COMMENT: The market study showed that maximum dimensions for these types of radios are
18.5 x 14.5 x 14 inches (W x H x D).

3.3.2.6Weight

3.3.2.6.1The device shall weigh no are than 20 Ibs

COMMENT: This is so the device is easily moved.



3.3.2.7Audio Quality

3.3.2.7.1The device will minimally be able to store radio streams at a rate of
44.1kHz at 16 bit digital quality providing a net raw digital quality of
172KB/S

3.3.2.7.2The device shall be abl® playback audicstreams at 44.1kHz
3.3.2.8Cost

3.3.2.8.1The production can cost no more than $28 bill of materials (BOM) cost
3.3.2.9Storage

3.3.2.9.1The device shall be able to record up to 40 minutes per station
3.3.2.10 Interface

3.3.2.10.1 The user interface shall be maximally intuitive with controls

similar to those of current radios and music listening devices

3.3.2.10.2 The interface shall allow the user to select an FM broadcast to

listen to

3.3.2.10.3 The interface shall show the current station that is being listened

to as well as the other stations being recorded

3.3.2.10.4 The interface shall be able to show different screens to show

different functions

3.3.2.10.5 If a button shall be considered pushed once it has been engaged,
not when it is release®uring the period when the button is held

down, pushing another button will not do artying

® 44100 samples/s x 2 Bytes /sample x 2. channels KB



3.3.2.10.6 A button push shall cause a noise to indicate to the user that it has

been pushed

3.3.2.10.7 The interface shall allow the user to pause, resume, or rewind an

active broadcast

3.3.2.10.8 The interface shall allow the user to pause, resume, rewind, or

forward a recorded bradcast

3.3.2.10.9 The interface shall allow the user to switch from a paused

broadcast to any another broadcast and viersa
3.3.2.10.10 The interface shall allow the user to turn fmNOW on and off

3.3.2.10.11 fmNOW will have a light that signals to the user if the unit is on or

not
3.4 Prior Work

3.4.1 Patents

During the first semester of this year, before undertaking design and construction of our device,
our group did a great deal of research in order to decide which components to use and how we
wanted our device to function. We also spent t@arching through the United States Patent
database to see if anyone had patented a device that could rewind FM radio. We found that
products did exist that had such functionality but all of these required the device being connected
to a PC. The technologyf recording songs and audio clips for later listening has been

i mpl emented and patented by ADS (UsPaemt. Their
#5790958)s a complete USB hardware/software package that interfaces with a personal
computer. Thedeviceeeor ds t he user6s favorite songs,

automatically, and separates and identifies

pr ooc

podca
t he

similar to fmNOW but has key differences. ADS Te

independeny from a computer, while fmNOW has the capability of being without a confputer

® McCoy, M.S. U.S. Patent 5790958, 1995, United States Patent and Trademark Office.



Anot her product with similar features to fmNOW

plugs directly into an i PodE provi dhiensgrteaddi t i on e

listen to FM radio broadcasts via the i PodE. | f
record the FM broadcast and store it in the Poc
which can be stored is only limited by the iPods intenmainory space. This device is also

similar to fmNOW, but with several key differenc

rewind the radio while listening to it. The user must first record the audio file, then go to the

media library and play theclps i f it were any other audi o fi
Another difference is that i FME does not cont.

and finds that a song is half over there is no way to listen to the beginning of the sding. Grif
Technology does not have a patent for this device. We assume this is because all their product
really does is record FM music and they did not invent the technology used to’do that

3.4.2 Post Project Completion Research

This past week, after finishingioproject, our team discussed the possibility of pursuing a patent
for our device. After doing a bit more research we found, to our disappointment, that a patent had
been i ssued i n MadtipleRadigSigndl Pra&céssing and StoringaMethad

A p p a r.& This dedice functions almost exactly the same as we designed our device to
function. We feel that this patent is broad enough that it would cover any form of device with the
functionality of fmNOW. Having found this we have decided thatwill no longer pursue a

patent for our device.

" Deitz, Corey. "iFM Turns iPod into FM Radio, Recorder and Remote Control." About.com: Radio. 31
July 2005. 7 De. 2006 <http://radio.about.com/od/pdasipodscellphones/a/aa073105a.htm>.

8Mi chael D. Ellis, Caron S. Ellis, fAMultiple Radio

Appar 8.S.Patend7171174, Jan 30, 2007.
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4 The Solution

4.1 Preliminary Research

4.1.1 Market Research

fmNOW design objectives place us in competition with other radio manufacturers. Our solution
provides us an added value solution to existing radids agiincides with future customer

preferences and trends. Ofcom (Office of Communication), the official regulator for the UK
communications industries, conducted three workshops in June 2004. They performed 24 in
depth interviews and carried out a surveyl @00 people across Britain. They found that 26% of
people are very interested and 32% of people are quite interested in a device that provides pause,
rewind and live broadcasts recording capabilitiége also found that there are 70 million radios
soldin the United States every yédrfmNOW therefore decided that a reasonable estimate for

the first year production units is approximately 33% of the interested 58% of 70 million totaling
13,398,000 units.

Most of our market research was done for theppse of planning the physical properties of our
device. Amazon.com was used to perform a market survey of countertop and tabletop radios. The
products that were found and used for this study can be found below. Based on this study and our
prior knowledge belectronics, we have determined that the device should meet the following
criterion: The device should weigh no more than twenty pounds so that it can be moved easily.
The device will most likely have a rectangular shape of the smallest size possitdeisdoes

not take up much space on a counter or table. The market study showed that maximum
dimensions for these types of radios are 18.5 x 14.5 x 14 inches (W x H x D). Our target size has
been set at 16 x 60 x 80 blehkize.cOdrstpdy also shoveedthae | | wi t F
the price of home radios ranges from inexpensive models around $20 dollars to the higher end
radios which sell for around $500. Our goal is to make our product as inexpensive as possible so
that it can be available toare people. Our estimated cost of production is about $36.22. We

would like to have a profit margin of 50%. We also assume that there will be an estimated mark

° Devices and Desires of the Next Generatié Radio Listeners. 23 July 2004. Ofcom. 8 Dec. 2006.

1% Digital radio hailed by broadcasters but faces challenges. 2005. The Associated Press. 6 Dec. 2006
<http://www.usatoday.com/tech/news/techinnovations/20021-digital-radio_x.htm>.



up of 100% from production to distributor and a further estimated 100% markup from distributor

to retailer. Our estimated retail price then is $217.32

4.1.2 Datasheets

Once we had decided on the basic functionality of our radio we began searching for parts and
circuit components that could be used to accomplish the desired tasks. Digikey.com served as a
very valuable tool for sorting through parts and finding datasheets. These datasheets needed to be
read thoroughly in order to be sure that each of our circuit components would be compatible with

the rest of the system before any orders could be placed.

4.2 Hardware

A block diagram of the overall system can be sedfigare3.

User Interface

[  &LCD
\// Antenna ‘
Touch GPIO
Screen |
—» FM Tuner l_L} tR_l
T R Audio D .
Codec —«—— Single
|—> UCB1400 AC97 Board
Computer
L AC97
—1» FM Tuner J

T I2C Control

Figure 3 - Block Diagram

This will be helpful to reference for the following sections.



4.2.1 FM Tuner (si4701)

The FM Tuner chip we chose to use was the S14¥Bé&.chip can be seenkigure4. This chip

has the ability to not only tune to the different FM stations, but it also can decode the RDS tags
associated with the current song that is playifigis feature caught our eye as a bonus feature
that could be an additional add to our systenThe ability to do a sweep of the FM band to
locate strong signals where the stations are is also a desigdbtd this chip Because of this

feature we were able to do a do a fresh scan for the stations instead of hard coding in a list of

stations.The audio was sent from the FM Tuners to the Audio Codec.

Figure 4 - FM Chip Size

4.2.2 Audio Codec (UCB1400)

The audio codec we chose is the UCB140tk chip can be seenfiigureb. It is one of the

audio codecs that we used to make the streaming audio easier to stomemtirg.Basically

the audio codec is like a sound card for a Pl audio codec takes in analog audio and converts
it into a digital signal and stores it on the mem@nce the information is asked for it takes the
digital audio signal and converts idk to an analog signdlhe digital audio signal is then stored
in the buffer of the SBC.



Figure 5- UCB1400 Chip Size

4.2.3 SBC (Intel XScale PXA255 CPU module)

The SBC is like a mini PQt is an Intel XScale PXA255 chipThe microprocessor board can be
seenn Figure We used it in our prototype design because this is a popular and powerful puP for
embedded solutions that is available to us at no cost through Calvin College. It provides
substantial Gener&urpose Input/Output (GPIO) pins. We have available free Linux firmware

and we acquired the chip on a single board computer (SBC) with an evaluation and development
environment from Calvin Colleg&he SBC controls all the other parts of our system.
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Figure 6 - Intel XScale Processor

4.2.4 LCD (LP35)

The LCD we used in our project is a 3.5 inch (diagonal) touch scFeerl.CD is manufactured
by Samsung ElectronicH.is the part of our project that disgtathe user interfac&he user

interface can be seen on the LCOFigure?.



Figure 7 - LCD and User Interface

As you can see in the figure, there is a pause button that allowsthte pause the current

station that he is listening tdhere are fast forward and rewind buttons which allow the user to
move forward or reverse in the current stream by 5 seconds either direction. There are two
different tune buttons to select a diffateadio station for either the listening station, or the
buffering stationlf you push one of the tune buttons the device will do a scan of the fm band and

display a list of stations that are currently available as sefeigime8.



Figure 8 - Scanning for Stations

There is also a slide indicator which shows the user how far back from the content that is
currently being played on the radio.

4.2.5 Miscellaneous

There were some other partst were connected to the entire syst€hose are described in the

following sections.

4.2.5.1Crystal Oscillator

A crystal oscillator is an electronic circuit that uses the mechanical resonance of a vibrating
crystal of piezoelectric material to create an eieat signal with a very precise frequency. This
frequency is commonly used to keep track of time (as in quartz wristwatches), to provide a stable
clock signal for digital integrated circuits, and to stabilize frequencies for radio transmiftbes.
oscillator can be seen Figure9. This circuit was needed for the FM Tuner chips, and would

have been used for the MP3 chips had we gotten them to work consistently.

 http://en.wikpedia.org/wiki/Crystal_oscillator



Figure 9 - Crystal Oscillator

4.2 .5.2Power

Our group engineered our own power regulation cirdiliis circuit can be seen Kigure10.
This circuit takes an unregulated voltage source in the range of L38V ard converts it to a
clean voltage at the levels of 12V, 5V and 3.3¥is is necessary to provide power to the
different components of our system.

Figure 10- Power Regulation



