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Executive Summary

Our project is to develop an audio device that ditiitize an analog signal and store the digital
information on a convenient media, for example iAWbr MP3 format on a USB flash drive. We are
working with a mission organization called EpictRars International, also known as One Story. Epic
focuses on evangelism to illiterate people groipsugh Bible storytelling. Our device will be usied
the professional quality audio recording of nape®ples telling Bible stories in their native langas
and is being designed per Epic's specificationg diévice will replace the laptop computer and
peripheral sound card that is currently being useBpic for recording. These recordings will then b
distributed via radio and other transmission méanEpic and other partner organizations. Our desig
approaches this problem from a Reformed Christeaspective and focuses on both the mechanical
design of the case and interface and the electt@sign of the circuitry. The projected productomst of
our product is roughly $190 with a prototyping costoughly $300 for materials and components.
Based on our research and requirements we haverchmsecord the audio in WAV format on a USB
flash drive and have named the product the Poriadl¥ Recorder. We are scheduled to begin building
and testing in January and a completed, fully fionetl prototype by April.
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1. Project Overview

This project was initiated by the Senior DesigruSe which we are all taking as senior
engineering concentration students. In this cosisgents are required to take on a project agythou
they are an engineering team in industry and lg¢aough the feasibility study and design process#s.
chose this project based on our multidisciplinagm structure (two mechanical engineering
concentration students, three electrical/computgmeering concentration students) and a desire to
express our Christian beliefs in our vocation.

1.1 Epic Partners International

There are over 1 billion people in over 4400 peapbups that have not been reached with the
Christian Gospel. These people do not have atodls written scripture or any written text. Usin
traditional Bible translation methods it will takéleast 150 years of translation work to makeBitde
accessible for these people. Even if the Bibleevieanslated, the people would not even be abieatd it
since many cannot read in their own languagesc Baitners International was formed to find an
alternate way to bring the gospel to these peopfgc Partners was launched through collaboratfon o
five mission agencies: Campus Crusade for Chogsti(org), The International Mission Board of the
Southern Baptist Convention (imb.org), Wycliffedmational (wycliffe.net), Youth With a Mission
(ywam.org), and Trans World Radio (twr.org). EPI& a desire to reach people that have not been
presented with the Gospel through bible storieveged by word of mouth. To do this they recordI8ib
stories in the local languages and distribute thees on small reusable audio players such dsowis in
Figure 1 The people are then able to listen to the Bibbeies as many times as they want and as often
as they want. The Bible stories are also broadwathe radio.

Figure 1. The MegaVoice Messenger Digital Audio Ryer [15]



1.2 The Microphone Missionaries

A member of Epic Partners, Rob Hughes, had beakirlg for a device that could be used to
record quality audio in the mission field when lagne across a senior design project at Calvin Galleg
That project, done by the Precision Sound Inputtaathe 2004/2005 school year was close to Rob’s
ideal product. Rob needed somebody to make a@siidlar to that project; one that would record
professional audio and store it on portable memétg.also needed that device to be portable andgstr
enough to survive in the mission field. The de®a@®d wants would replace the combination of a lapto
and external sound card that is currently useterfield Appendix A: Existing Equipment Setup
Our team has taken on the task of designing sulgvige. The team name that we have given ourselves
is “The Microphone Missionaries”. This team namma ireflection of what we are doing and the firsd u
of our project. The five members of our team are:

Scott Heupel: an electrical/computer engineermacentration student from Singapore. He also has a
mathematics minor and plans to join the work farpen graduation.

Josh Jarrard: an electrical/computer engineermmgentration student from Middlebury, Indiana. He
also has a computer science minor and plans taheimvork force upon graduation.

Bryan Klingenberg: originally from London, Ontayriwe is one of the three electrical/computer
engineering concentration students on the teamis Hiso minoring in mathematics at Calvin and plan
to attend graduate school after graduating frortegel

Eric Lundy: a mechanical engineering concentrasioident from Holland, MIl. He plans to join the
work force upon graduation.

Mike Moselle: a mechanical engineering concerdrastudent minoring in mathematics originally from
Minneapolis, Minnesota. Michael grew up over smas has much experience with third world cultures.
He plans to attend graduate school for aerospagieesring after graduation.



1.3 Project Proposal and Feasibility Study

This document outlines the design that we projmtee best solution for this problem. It first
gives a detailed outline of the various design meguents that constrain our design in section 2xtN
section 3 considers the possibilities and relabeeefits of alternatives for each component andgyiv
reasoning for the design decisions that were mé&dteally, section 4 discusses the feasibility d$th
project based on current market forces, schedwdadget constraints.



2. Design Requirements

The requirements for this design come both from Roghes’ specifications and self-imposed
requirements on general design practices and prajepe.

2.1 Design Norms

A Reformed Christian approach to engineering destguires consideration of certain design
norms, or standards against which the design cqudged to determine whether the design embodes th
values of the Reformed Christian perspective. &likesign norms are cultural appropriateness,
transparency, stewardship, integrity, justice,r@@rand trust. The relevant norms for our design a

2.1.1 Cultural Appropriateness

Our product will be used in remote areas that ntaypay not have a distributed power grid and
may also be used outside while a missionary is wal&round. Therefore it must be battery poweried.
shall use rechargeable or disposable batteriesxinmize flexibility and convenience to the user.
Foreign cultures may have problems with dealinghwidmplex looking equipment that foreigners bring
in. For this reason, the device will be designed@n-descript as possible to look simple and non-
threatening.

2.1.2 Transparency

The education of the user is a cultural issue dksasen issue of transparency. The majority of
the users will be high school graduates who havienowledge of recording practices. The design must
be simple and self-explanatory enough that thisllef’user can use it effectively with as littlaitring as
possible. Also, as any post-design work will misly be done by Epic, a thorough explanationhaf t
full scope of the design will need to be providedtsat the product will continue to be useful.

2.1.3 Trust

The design requirements of the customer stresseitity and quality of operation because if
our device fails in the field the missionary wi# mnable to record Bible stories until a replacamen
recorder is found. Our recorder must be desigaoeddrability and predictable operation so thatd¢hd
user can trust in the consistently correct openatdicthe product.



2.2 Overall System Requirements

The overall system requirements govern the gefiemationality and 1/O of the device. The
device will be called the Portable WAV Recorderlwé replacing an external sound card/audio mixer
and a laptop that is currently used; see Appendikxdsting Equipment Setup. The problem with this
setup is the difficulty associated with transpagtit) the amount of setup work required, and tHed®
equipment used. The device will accept micropharsésg either XLR jacks or 6.3mm mini plugs with a
differential input (see Figure 2).

Figure 2: Combinational Jack [22]

An output port will be a 3.5mm stereo mini jack femadphone use. (sBggure 3: 3.5 mm mini jagk

Figure 3: 3.5 mm mini jack [22]

The device will also have the capability to playo&racks, which requires an interactive control
scheme that is user friendly and intuitive. Theorder will need rotary knobs to dynamically adjiinst
preamplifier gain levels. The operator will haversovisual indication of the gain levels while rediog
and will have a clearly labeled control interfa€le digitized data will be stored on a removableedr
Lastly, the device must be able to record audi@forinimum of ten hours per set of batteries.

2.3 Mechanical Requirements

Much of this project will rely on the mechanicattybust design of the electronics packaging,
making the mechanical requirements a very impogaete of the scope of this project. If for angsen,
the mechanical systems of the device fail, thegut@n of the electronics will be compromised. Doe
the intended use and of this product and the ciomditvhere it will be used, the mechanical requépts
are vital for a sensible lifetime of the produ@the size and weight have a substantial effect eretise of
use for the operator.

The recorder design will need to be extremelyadue and tough. The size of the packaging will
have to allow the user to hold and operate thecdemi their hands with ease. Making the deviceilaob



directly influences the size and weight of the ufiiherefore, the overall size cannot be greatan g#bout

4" x 6" x 2". The device cannot be heavy eitherflse final weight, with batteries, cannot be gee#tan

3 Ibs. The user will operate the device at a marmof 10 hours per day, during this time period the
operator should not encounter any fatigue fromgittiie device including symptoms from repetitive use
such as carpel tunnel syndrome. This will includsesof use and proper ergonomics to support extende
operation. This device will be traveling internai@ borders quite often so it is important to mike

easily transportable and inconspicuous; the ldéestiin brought to the unit, the easier it willtbecarry
across borders.

2.4 Operating Conditions

The aspect of this design that sets it apart frayatrather electronic systems are the operating
conditions. The final product will operate in sooféhe world’s harshest conditions, and will héwe
withstand the majority of the abuse from the envinent. The areas that this device will be useatén
almost all very hot and humid. These mission fi€liost often in Africa and South America near the
equator) can regularly see temperatures well o®@Flwith humidity levels up of up to 100%. The
device will therefore have to be able to operatih@se conditions. So the requirement shall biethiea
device will function normally at temperatures ud&D F and at 100% humidity levels. The places in
which this device will be used are quite often gustwet as well. The device will need to be water
resistant or even water proof if possible. It o have to be able to keep any foreign matkoat the
environment out so that there is no interferendt thie operation of any moving parts or internal
devices. Finally, since the device will be poréabit will have to be a robust design that wilhgue
rough handling and drops. It is a requirement i@ device will survive a 5 foot drop onto cortere

2.5 Audio Requirements

The main objective of this project is to capturdiawand store it digitally, while retaining the
maximum quality of audio. In order to capture higlality audio, the signal must enter the device
through a differential microphone. A differentralcrophone uses two inputs to feed a differential
amplifier, which rejects differences in the sigrnahel amplifies the remaining signal. The applaatf
such technology is helpful in this project becaiiseduces noise being fed into the amplifier. Ehgnal
must be filtered to remove unwanted frequencidss fiefined signal must be digitally sampled with a
no less than 16 bit precision and at a samplirgahtwice the input bandwidth in order to meet the
Nyquist Sampling rate[5]. The device must have operated gain control in order to limit the signal
amplitude in the event of clipping. To assist angcontrol, a feedback device that indicates tgaials
being applied to the audio signal must be visiloleé @asily interpreted. Digitized audio must beexdicon
a mass media device for further processing.

2.6 Memory Interface

This device shall store recorded audio data tmdunstry standard removable memory device
which can later be attached to a personal comgnater which the audio files can be downloaded. Our
device shall be able to write, read, and delegs filn the memory device. The memory interfacealslb
need to have enough bandwidth to stream the sarapltid data to the memory device. With a sample
resolution of 16 bits per channel and a possibigpiag frequency of up to 48 kHz in future prodocti
models, a transfer rate of 192 kbps is required.

2.7 Power Requirements

From a power management standpoint the device Ipeuable to run for ten hours on a single set
of AA or AAA batteries. The battery compartmentshbe onboard the device and be accessible in order
to change batteries.



2.8 User Interface

The device must have controls for starting angging recording and knobs for manual level
adjustments on each channel. It must have theyatailplay back tracks that have already beenmssh
and must be able to skip through tracks that aredtin memory. The device will accept two
microphone inputs and record both simultaneousigtereo sound through either XLR or 6.3mm jacks.
It must have an ON/OFF switch, a volume controltfar playback output, and a level indicator.



3. Design Research and Decisions

The design requirements for this project can bethmeugh a number of different solutions. The
design chosen for this project must meet or exedleaf the given requirements. The overall desifn
this device can then be broken down into to maiageaies, the mechanical and electrical aspedie T
electrical aspects deal with the audio input, pset®y, and storage. The mechanical aspects ddathe
case and the user interface. The basic electyst¢ém that we have developed can be seen in the
following block diagram.

Figure 4: Electrical Block Diagram

3.1 Electrical System
3.1.1 Audio Input

3.1.1.1 Determining Frequency Range

Figure 5: The Human Ear

The audio spectrum ranges from 20 Hz to 20 kH#{6yever, the human ear is not equally
sensitive to such frequencies. According to aweg@arch, the ear is most sensitive to frequeatiasd
around 2.6 kHz[5]. The outer ear is a physical lifiap (see figure 5[5]) and performs best at said
frequencies. As a result of the physical chargties of the human ear, frequency sensitivity thed
the further away from 2.6 kHz a signal gets. Bytime a signal is 200 Hz or 15kHz, it has lost
approximately 20 dB of its original signal streri§ih For this reason, signals that reach the uppegts
of the audio spectrum, 20 kHz, are virtually und&tble. A study performed in 1931 established @hat



sufficient music bandwidth ranges from 40 Hz tokHz[5]. A later study found that lower frequengies
even those less than 20 Hz, contribute to a mfék sound quality. It has been suggested fst be
results that a system might even include frequsrapproaching 0 Hz[5]. On the other hand our team
was advised by a member of Calvin Technical Sesyiaalepartment that deals in depth with technical
audio processing, that the low frequency cutoffessary for descent audio quality is around 80 Hz[39
The motivation for an 80 Hz low frequency cutoftli® reduction of the loud “P-popping” noise often
present when a speaker uses words starting inTR& use of a higher low-end frequency cuts oatgel
majority of the popping noise according to our adt@t from Technical Services[39]. By using the
higher frequency, we are serving our employers tyettontinuing to provide an excellent bandwidth as
well as resolving a known recording problem. Basedur research and advice, we have decided that
our device will capture frequencies ranging fromH80to 15 kHz. The low pass filter used to cutb#
higher frequencies will be designed in such a vay the transition between pass and reject willrbeg
just after 15 kHz and will be at the maximum rej@etoefore 18 kHz.

3.1.1.2 Determining Gain

The human ear acts as a microphone by detectimgfiears in air pressure through vibration of
hairs and nerve endings found in the inner eaf8jr this reason sound is measured by making a
comparison between two pressure levels, typicafiyeasure of interest and a reference pressure. Th
reference pressure corresponds to the smallesiyseskevel variation detectable by the average numa
and is around 20 micropascals[28]. The ratio ieda decibel (dB), and is calculated using theatign
shown inFigure §28].

Figure 6: The dB equation

Audio decibels are differentiated from other forofiglecibel calculations by denoting them with
dB SPL (sound pressure level). The purpose chtiaio front end is to receive the audio, filteanid
increase its signal strength. To get a better tataeding of reasonable gain levels for such agptaye
consulted Technical Services. Our contact theggested we apply no more than 45 to 50 dB SPL to ou
signal[39]. Two major factors governed the reasgiior this amount of gain. First, the digitizegrel
will eventually be brought back to America for tuet processing on a PC, at which time further gaim
be applied. Secondly, audio devices have nataial lgnits. For example, some microphones work by
detecting variations in capacitance between twteplthat are vibrated due to noise. Under intense
pressure variations, the two plates can contadt etiier and cause a physical form of clipping asit
in poor audio capture. In order to minimize thegbility of clipping our signal we have opted to
decrease the maximum gain level and leave furttergssing to a computer. Our device will have
channel gain of no more than 50 db SPL. By desgour device in such a way we are serving our
employers by decreasing the chance of ruining argiordings and giving them extended freedom on the
signal processing end.

3.1.1.3 Preamplifier Design

The frequency and gain specifications generateiddmprevious sections closely dictate our
preamplifier design. We are looking for an amplifihat will limit our input signal from 80 Hz tdokHz
and will provide no more than 50 dB SPL. Whenitfigal problem of building a preamplifier was
addressed our first response was to research adddom scratch our own preamplifier tailored teet
specifications we set. This was the original ibtamtil the three electrical engineers on our teash
with a group from the Audio Engineering Society $tezn MI chapter) and discussed our project. The
head of the Technical Services department at C&leltege was in attendance and was able to offer us



an alternative to reinventing the wheel. His sstjiga was to use the preamplifier that Andy Walkner
designed and built for a similar project done oearyago. He suggested this to us for two reasors;
he expressed the need to keep things simple amedesign parts whenever possible. Secondly, he
worked with Andy throughout the development of piheamp and was confident that Andy’s design
would help us meet our goals. His design usesrdifitial inputs that in common mode rejection will
reject 112 dB of signal variations. His desigroatteets both the frequency and gain specificaticens
desire. After this advice, our team contacted Aalgut using his preamplifier in our project. Hasw
delighted that we use his design in our projectthedefore we have decided to use his preamplifier
design as our audio front end.

3.1.1.4 Analog to Digital Conversion

The output of the audio preamp needs to be cortvésta digital signal using an analog to digital
(A/D) converter so that it can be processed. Thezemany A/D converters available on the marlanfr
major manufacturers like Texas Instruments, An&egices, and Wolfson Microelectronics. These
companies all offer low power, differential inpatdio rated A/D converters. We looked at two dewic
from Texas Instruments; the PCM1804 [9] and PCM42)1 The Analog devices AD1871[10] is
another converter we looked at. Finally, we atsiked at the Wolfson WM8786[13]. The relevant
properties for each of these can be foundaile 1: A/D options

Table 1: A/D options

Device # of Power Max Sampling Signal to Resolution Price
channels | (mW) Frequency (kHz) Noise (dB) (bits)

PCM1804| 2 225 192 112 24 5.2(

PCM4201]| 1 40 108 112 24 3.5(

AD1871 | 2 150 96 105 24 5.63

WM8786 | 2 180 192 111 24 6.36

All of these devices meet the audio quality desaguirements. The PCM4201 does not have
two channels, however it has really low power comgtion so we could use two of these, however, this
doubles the cost. These options can be placedidazision matrix, shown igure 7

Figure 7: A/ID converter decision matrix

From this decision matrix the device that scohestiest is the Texas Instruments PCM4201.
This device is a single channel differential inAD converter. The power consumption is excepfigna
low and the performance is more than adequateuioapplication.

3.1.2 Audio Processing
For this project we considered three audio proogssptions. The first audio processing solution

is the most ambitious, in that it requires the naosbunt of work.

It is to customize an existinglia

compression algorithm so that it will run on a thgsignal processor(DSP). To do this, an existing

compression algorithm, like Ogg Vorbis, LAME, or BlRvould need to be obtained and ported to run on

10



a DSP. The DSP would have to run the algorithme&t time so that the audio is compressed white it
being recorded and before it is stored to the gioraedium. This requires data buffers that widkéne
data flowing in and out of the processor. Porohthe mp3 algorithm to a Texas Instruments DSP has
been done and is available commercially, but itxesveral thousand dollars. The Mp3 encoding
algorithm is not freely available, Vorbis howevisran open source algorithm, which means it is.free
The problem is that it has not been ported to a 2SH24][1][2][3][4][14][16][17][18].

Another solution that would ease the implementatibtihe required data buffers that the DSP
would need, is a single board computer. A singlarth computer is an entire computer, on a smaluitir
board, that has similar capabilities to a personaiputer. The single board computer (SBC) would no
be faster than the DSP, however it would allowad@impler implementation. The SBC would have
integrated USB hosts already and would have aradlaicompact flash hard drive. Having these
available would be an advantage for the desigresinmemory controller host would not have to be
developed. The compact flash hard drive would ptewide another option for a memory controllerttha
would not have to be designed. With an SBC it wddve to record the data to memory and process it
after writing it to a disk. The compression algfom used for this could be any open source algorith
like vorbis since it is readily available for th€ P19][20][21].

The final design option is a simplified versionhig design possibility has no audio compression
and would record raw audio data into a WAV file.h& audio is compressed with mp3 or Vorbis some
of the audio data is lost because these compreakjonthms make guesses at the audio data when
compressing. The output of the A/D converter ipuise code modulated (PCM) audio format, which is
the same format in which WAV files are written [9There is no audio processing required then aad th
PCM data simply needs to be written into a WAV _filehis option would require that a field
programmable gate array (FPGA) be used to corteofike creation and header information. The WAV
option requires no proprietary software and miniheaidware, the only drawback is the file size. WAV
files are much larger than mp3 files though, tylbycaround 10-15MB per minute of audio [25].

Table 2: Audio Processing Decision Matrix

The above decision matrix was developed to aitiéndecision of which process to use. The
categories and their weights highlight the impar&aspects of each approach. Power is one of tls¢ mo
important categories because this device needs pottable. The audio quality is important as well
since our requirements are for professional qualityio. The cost is important because we need to b
able to afford to complete the project. The comipyas important for a similar reason; the appioac
needs to be feasible for our team to develop. bEst candidate for our project is to use the WAV
approach; it outscores both the digital signal essor and single board computer approach.

While we were researching and making our desigisgts we met with a group of audio
engineers and recording specialists for adviceuwrpmject. Their advice was that if one is reaogd
audio in the field for future processing, which are doing, the audio should never be compressed; it
should be stored in a raw format. They told us theording at a lower quality without compressiisn,
better than recording a higher quality but compnesthe audio. They also pointed us to a devie¢ th
already does what we plan to do; it is called trerdvitz PMD660 Portable Solid State Recorder [27].
This device retails for over $500. The design ettied on will not have any audio compression aid w
record into WAV files without the need for any pessing and will still meet all of our requirements.
The block diagram for our initial electrical desicgn be seen in Appendix D.
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3.1.3 Data Storage

There are many options for storing data in thedbdetWAV Recorder. These options are
limited by the required data transfer rate. If tla¢a were to be stored internally it could be temitto
EEPROM, Flash, or a micro hard drive. If the datstored external to the circuit CompactFlash, USB
Flash drives, or Firewire Flash drives are an gptidhe criteria and goals for the data storagetisoi
are minimization of cost, physical size, and weighh maximization of durability, industry
compatibility, future expandability, ease of implemiation, and storage capacity. The most impbdan
these are durability and future expandability beeaaf the emphasis of the requirements on
dependability and quality construction. Next miagbortant is capacity and compatibility for easeusé
and a simple user interface. Cost, although ingmbris the next priority. Based on the constsaamtd
the impact of other design decisions, physical, simght, and implementation ease form the lowest s
of importance.

Figure 8: Decision Matrix for Data Storage Selectin

Any kind of internal storage limits future expandit§p Cost is also increased and implementatiasee
decreased because some method of transferrindgrdatahe internal storage to a computer must be
included. This results in good compatibility, haxeg assuming that the data transfer method invoked
would have compatibility equal to USB Flash storageich, based on personal experience has the best
compatibility. Storing on a hard drive providegarcapacity, but hard drives are known to notdrg v
durable. A hard drive also takes up a lot of sEamkadds a lot of weight relative to the other
alternatives. A USB Flash drive is a better sotuthan CompactFlash because in personal experienc
USB ports are much more likely to be native to mpoter than CompactFlash card readers. Thus, in
most cases a card reader would need to be purchadddansported with the computer if CompactFlash
were used. In the same way USB Flash drive are mi@valent and thus less expensive than Firewire
Flash drives [30]. Pricegrabber.com quotes a IF@8vire Flash drive as costing over $100, while a
similar sized USB drive is quoted as costing justrdb50 [40]. Figure 8 shows the results for this
weighted decision.

For these reasons we chose to use a USB Flashfdrigar memory interface. It is the de facto
industry standard for PC peripherals connectionigutige protocol that EPIC currently uses to cohnec
the external sound card to the laptop.

3.1.4 Power

Power management of battery powered devices isypartant issue to address. In order to meet
our goals of 10 hour battery life we will need &dext components that use minimal amounts of power.
The first component to consider is the analog-gitdi converter (ADC). Four different ADCs were
compared to determine which component would perfinerbest within our budget, operational needs,
and power consumptiorfrigure 7shows a comparison of each ADC. The PCM4201 Wwasen for its
ability to accomplish the digitization necessarg amnimize power. Due to the fact that the PCM4201
a single input ADC, our device will use two of themd combine for a total of 80 mW of power. The
control for our device will be an Altera Field Pragimable Gate Array (FPGA). Using the Stratix Il
FPGA family, power consumption appears to be 3métery 1 MHz of clock speed[29]. Using these
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numbers we estimate that our FPGA will not use ntioae 10mW of power. The last major component
is the USB device. The USB standard requiresUls devices connect to a host in low power mode
(100mA)[30]. Additional current, up to 500mA, che requested by the slave upon which the host must
provide more current. In the worst case our dewitiedraw 500mA at 5V[30]. The total power
consumption by our devices major components is sHoelow.

Figure 9: Major Power Consumption Calculation

To meet the power needs of our device we compareddmmon battery types: AA and AAA.
AA batteries are capable of supplying 1800 to 26@Mh of power, while AAA can supply 900 to 1150
mAh, each at 1.5V[31],[32]. Other batteries sigesh as C and D, which offer increased power ostput
were not considered for analysis because our coat@2neStory expressed the need for field agertie t
able to obtain new batteries in remote areas. Bypand AAA batteries are the most common battery
types and therefore meet our clients need for aduilty. The calculations in the following figushow
the number of batteries necessary to supply wast-scenario power to our critical components. From
the calculations below we have decided to use dighbatteries to power our system.

Figure 10: Power Consumption calculations
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Figure 11: Power consumption calculations continued

3.2 Mechanical System

3.2.1 Case Material

For case material selection, there were two ptessiitions: plastic injection molding or metal
encasing. Between the two material consideratidmsetal and molded plastic, a molded plastic was
chosen because it is much cheaper and plasticde more resilient to shock resistance; if the Ribeta
WAV Recorder encounters a drop, the case must lllsershock so the electronics are not damaged.
Metals were not considered because they will coutei unwanted weight as seenliable 3: Specific

Gravities

Table 3: Specific Gravities [33]

Material Specific Gravity
ABS 1.04 -1.07
Polycarbonate 1.25
Aluminum 2.7

Stainless Steel | 7.7
Iron Carbonate | 3 g+

Another negative characteristic of metals is tha/tare subject to corrosion; an undesired effect.
For polymers, the team researched common electrgaickaging materials and found that ABS was
most commonly used in industry. Polycarbonate eeenrsidered due to its durability properties (see
Table 3: Material Strength Properties). Acetal wassconsidered because under injection molding
conditions, it suffers outgassing problems (theaeath of gas during setting, causing structural cisfe
LCP (Liquid Crystal Polymer) possessed the necgstsrngth qualities but failed in cost comparison
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[37]. Acrylic met most material requirements, hoaeat very cold temperatures it becomes britt an
endangers the electronics during shipment. AcalBo has a higher water absorption percentagettigan
other materials, so for these reasons, it wasmen. Thus, the only viable options for case nase
were ABS or polycarbonate. [38]

Table 4 Material Strength Properties [33]

ABS
Elastic Modulus (MPa) 1794 - 2208 tensile
28 -42 at break
Tensile Strength (MPa) 30 - 44 at yield
injection
Processing Temperature (°C) 238 - 272  molding
Molding Pressure (MPa) 56 -173
PC
2381 tensile
Elastic Modulus (MPa) 2415 compressive
52 - 58 at yield
Tensile Strength (MPa) 53 - 59 at break
injection
Processing Temperature (°C) 247 - 294  molding
Molding Pressure (MPa) 104 - 138
Acrylic
Elastic Modulus (MPa) 2208 - 2415 tensile
Tensile Strength (MPa) 56 - 63 at break
Melting Temperature (°C) 140 glamorphous
injection
233 - 266 molding
Processing Temperature (°C) 222 - 249 extrusion
Molding Pressure (MPa) 35-138

The decision matrix shows the comparisons betweg and polycarbonate for four categories;
cost, durability, feasibility and usefulness (Jeble 5: Mechanical Decision Mat}ix

Table 5: Mechanical Decision Matrix

Material:
Weights 30 40 20 10

Cost Durability Feasibility Usefulness Total
ABS 9 8 10 10 890
Polycarbonate 5 10 7 10 790

ABS was chosen over polycarbonate because ABSlesdoth cost and feasibility. Although
durability was the most important category for demi and polycarbonate has higher durability, et c
and feasibility of ABS outweighed the desired prtypef polycarbonate. The fact that ABS is usedeno
than polycarbonate in the electronics packagingsihg indicates its feasibility for such applicaiso
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[36]. At this time polycarbonate is in high demahgek to its popularity, so lead times for this miate
are long, making this a difficult and expensive enial to use. If the cost issue was not relevami\BS
polycarbonate alloy would be seriously considered.

Aside from these considerations, an analysis was do the deflection of the two materials
assuming the case was produced at the given sqmiifis. The loading model assumed an automobile
with a weight of 2000 Ibs. The maximum load applie the device assumed the weight of one fourth of
a 2000Ib car. Though the data concluded that pobanate was a slightly stronger material for the
maximum load situation, polycarbonate has beenettfie cost of ABS in terms of raw material and the
tradeoff of cost to strength was not valuable ([E&igle 6)

Table 6: Material Strain Analysis

3.2.2 User Interface

To make the user interface simple as requireddsygd specifications, the control system will
consist of simply labeled buttons, dials and soind kf gain indication. There were two options for
button selection; push buttons or capacitive bsttdBecause capacitive buttons lack moving pards an
because they can be sealed off from the environrttesyt proved more desirable characteristics thahp
buttons (see Table 7).

Table 7 : Button Decision Matrix

Weights | 30 40 20 10

| Cost Durability Feasibility Usefulness Total
Push Buttons 10 6 9 8 800
Capacitive 8 9 8 9 850

For variable control of the gain inputs, dials vai## used in conjunction with the gain indication
system (se€igure 14: Current DesigrThere are no alternatives for the button laymdause the
intent of the design is to have a very small leggrdurve. If the buttons worked in some sort of
combination it would become difficult for the ugerdearn how to operate. Adding extra buttonseis/v
cheap and ensures ease of use.

The contacts will be made from a high copper allat is extremely resistant to corrosion, but
maintains high electrical conductivity (see Figli8). The Galvanic Series shows the most activinen
right and least on the left. A copper alloy (€€opper Nickel) is ideal because it is readily aafalg and
very resistant to corrosion.
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Figure 12: Galvanic Series [41]

Since the microphone inputs will be facing the perseing recorded most of the time, the design
will include the microphone jacks out of the “topf’the device to avoid wire tangles (Jegure 13:
Demonstration of uge The top will be the side facing away from thergon when it is being held. All
of the buttons will be on the “front” face for eamgcess, and will be limited to a power buttonypla
record, stop, forward and reverse. These buttmsrplemented this way to ensure ease of ustnelf
play button was pushed twice to go forward, the usgy not catch on to this. None of these buttons
work in combination, thus minimizing any potentaihfusion. There will be three dials, two for th#
and right microphone levels and one dial for thgpouvolume. The dials will be labeled in English
decipher between the two. This is possible becthes&pic employees that will use it can all speak
English. The power switch will be a rocker switaid will be on the face near the combo jacks. A
rocker switch was chosen because it is very singpdperate and its “I” “O” labeling is universally
known. There will be four red and one green indichED’s for each input. Each red will indicate
clipping while the green led will indicate cleacoeding. If a power plug for internal charging the
rechargeable AA batteries, upon request from Hipia)l be placed near the battery location.
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Figure 13: Demonstration of use

3.2.3 Case Design

The case design was chosen to be simple. Thisonaske sure the final product is culturally
appropriate. The options for case design were onmgartment containing all components of the design,
or multiple compartments for accessibility. Withire case a two compartment design was chosen (see
Table 8: Compartment Decision MafxixXThis allows the electronics to be separate fiioenbatteries
and the USB storage device. The two compartmeatasecessary because the user will be accessing the
USB compartment frequently to change USB deviced this exposure to the elements may harm the
electronics. An alternative to this would be toddve USB mount externally and have the batteries
internal. The second compartment (USB/battery) belisealed with a latch and a rubber gasket. An
alternative to the latch and gasket method woultblfeve the compartment door slide on via molded
tracks. The fact that the compartments are wasistant includes other positive effects, suchirasad
dust protection, due to the fact that water molesalre more penetrating than larger dirt particles.

Table 8: Compartment Decision Matrix

Weights 30 40 20 10

Cost Durability Feasibility Usefulness Total
One 10 6 10 5 790
Two 8 9 9 6 840
Three 6 9 8 7 =70

The current mounting method for the circuit boartbi attach it to the case via screws that tap
into molded posts. In the event the current mognitinethod fails because of high impact, a new syste

that implements higher shock absorption to theuditmoard via rubber mounting surface will be

considered. If battery power is insufficient foetburrent design, case modification will be made as
needed to house more batteries. There no de@gnatives considered for the “impact bolsterstreey
are not a design necessity, but a redundancy systestrength and impact protection.
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Figure 14: Current Design

The jacks that will be implemented in the finasidm will be XLR/ .25” [22] combo jacks and
were recommended by our contact at One Story.nfyamenting these two jacks as combination jacks,
the overall surface that the jacks take up on #se ¢s minimized. Minimizing the surface area otedip
by the jacks on the front reduces clutter and mékessier to connect cords. Having the combimatio
jack also assures compatibility with both typesnaérophone inputs.
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4. Feasibility

4.1 Design Feasibility

The design that we have chosen is feasible forakreasons. Although there are sound
recorders that will record premium quality audiontav file format on the market, most include acgtitl
features that are extraneous to Epic’s purposes.

Table 9: Competing device features and prices

Device Features Price (from froogle.com)

Marantz Portable, XLR input, records in WAV on compact | $499.99
PMD660 [27] flash.

Sound Devices | XLR input, records mp3 onto internal hard drive or| $2375.00
722 [26] compact flash, LCD screen.

Because of the additional features, these recoedtersonsiderably more expensive than the
projected cost for our device, which is less tha@05 as seen in the cost analysis section. Ouceleuill
have fewer features and options, but will be sigaiftly less expensive to design, build, and preduc
These goals are in the interest of our customac, Egrtners. The portable WAV recorder will also b
appealing to consumers interested in recordingaaullioffers high quality recording in a portallevice
that would allow consumers to record their own audihe combination jacks allow the consumer who
does not have XLR microphones to still be abletii@a this product. In the future this device nalgo
be refined to meet new design goals for produath sis high quality secondary microphones, remote
microphones on film sets; or even simple voice mdexs. Industry giants such as Apple and Creative
Labs have made mp3 players a household term andtiamillion dollar industry. With some
refinement our device could be transformed intomlmination recorder-player to take advantage of
popular portable audio industry.

4.2 Project Management

Initially, it was difficult for us as a group to gerganized as we began the fall semester.
However, we began to form categories of speciahlzerk for each member. Scott has been in charge of
doing most the research of the audio front end,ggananagement and PCB layout. Bryan has been in
charge of the areas of audio conversion and primggsend control structure. Josh is in controfhaf
USB host and other software considerations. Mile:Eric have worked cooperatively on case research
and design, button selection and layout considerati

To keep ourselves working hard on our project axetbeen selecting group leaders every two
weeks. This one person is then the leader fonéixétwo weeks. The current group leader is resipéan
for all deliverables making their due dates, ddi@gavork to other members and our weekly status
reports. This system has worked out well sincalivget the experience of being leaders and detegat
tasks. In case of conflict in our team the teaadés is responsible to make sure that it getsvesol
usually through group discussion. If we have te@dirdisagreements we will analyze the data sreeeds
try to make an unbiased decision. Another todl Wehave used to resolve conflict is having both
conflicting parties researching the others pactesice and finding reasons for and against thaiceho
This helps to eliminate biased opinions when ongygeas only researched their own option. If artea
member is late on a task the team leader is regpens either complete the task or delegate itraga
There is also no chance for us to complain ab@atdeship since we are all leaders.

Every Friday status reports are sent to our advidmfessor VanderLeest, giving him updates on
what we have done for the week as a group and wh&iave done individually. Also, work to be done
the following week is included as well as hoursged that week and total for the semester. Thaseasst
reports have been helpful for us to keep trackloéne we are on our project and what needs to be.don
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4.2.1 Schedule

Our project schedule is set for the entire projégth hours set aside for research, design and
testing. Included in our schedule is a team weds®n that we have every Monday afternoon. We hav
scheduled in the time needed to research, desijd,dnd test each of the main aspects. These main
aspects are: preamp, A/D conversion, USB hostralmower, PCB layout, user interface, case, and
documentation. The bulk of the research shoulddnepleted and the design should be started byritie e
of the first semester. The full project schedwaa be seen in Appendix D: Project Schedule. & thi
schedule some of the major milestones are decitirdesign decisions for each aspect of the product,
choosing components for these designs, and buitimglesign. The most important milestones are the
completion of research, design, and building ofgfeamp, data conversion, and USB host stages.
Important mechanical milestones are in decidingase design, case materials, and finalizing thgyades
so that it is ready to be produced.
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4.4 Cost Analysis

Table 10: Prototype Cost Analysis

The prototype cost analysis for the Portable WA\ drder is used by our team to ensure that we
can stay within our budget for senior design. Thtl cost for the components of our project isyver
high, this is mainly due to the case prototypeis Tinototype will be a rapid prototyped case, not a
production case and so that is why the cost isgin hiThe company that will be doing the rapid
prototyping has offered to do this for free for ¢emm since it is for a non-profit organizationhel
FPGA we will be using in our prototype will be bowed from the engineering labs for the duration of
the project; this eliminates the cost of buying.ofi@e largest single cost that we do have to payhien,
is the USB development kit at $200. Another damatve have received is for our printed circuit labar
(PCB). PCBexpress.com has given us $350 wortheafitcto use for PCBs. We have also received a
grant from Epic Partners/OneStory of $250.

The production cost analysis can be seen belolalle 11 This cost analysis was based on the
production of 5000 Portable WAV Recorders. Thimber was chosen since our contact at OneStory has
told us that he could see a demand of around 4&@@ek in the mission field. We hope that we could
market at least 500 more devices to reach 500@inAthe greatest cost comes from the case; the
injection molding equipment is very expensive, ibig a one time cost. The engineering work istheo
large cost, this is found by taking the estimateohiner of engineering hours our team will be puttirtg
the development of this device and multiplying byost rate of $100/hr. When all of these costs are
compiled the total cost per produced unit workstowtbout $186.
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Table 11: Production cost analysis
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Appendix A: Existing Equipment Setup

Figure 15: Epic’s current setup
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Appendix B: Design Requirements

Mechanical Requirements:
1. The product shall be a portable device, easily htl one hand.
2. The weight shall be less than 3 Ibs.
3. The dimensions shall be less than 4” x 6” x 2”.
Operating Conditions:
1. The device shall be able to operate in humiditglewf up to 100%.
2. The device shall be water resistant.
3. The device shall be able to operate from freezintpul 30F.
4. The device shall be able to survive temperaturesdo -40F.
5. The device shall be able to withstand dirt and du8tration.
6. The device shall be able to survive a drop on atedrom 5'.
Overall System Requirements:
The device will accept two differential XLR micropfe inputs.
The device will accept two mono 3.5mm microphonmiin
The device will have a 3.5mm headphone jack.
The device will allow playback of tracks recordedaomass storage device.
The controls shall be as simple as possible.
The level adjustment shall be made using rotarlykaiabs.
The device will have a data transfer interface phside a compartment.
. The device shall be able to record on batteriestfteast 10 hours.
Audio Requirements:
1. The audio quality shall be 16 bit samples at 22kHz.
2. The differential audio input amplitude shall beitied above 45 dB.
3. The audio shall be stored in a easily manipulateddrmat.
Memory Interface:
1. The memory device shall be stored in a protectesheotment inside the case.
2. The memory device shall be removable.
3. Our device shall be able to create and delete ditethe memory device.
Power Requirements:
1. The Batteries shall last for at least 10 hourseobrding.
2. The device shall not support phantom power.
User Interface:
1. The interface shall be as simple as possible tavefibr amateur use.
2. The levels adjustment shall be prominent and easljysted.
3. There shall be record, stop, play, change trackGBN, and delete track keys.

PNOUTE LN
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Appendix C: Initial Case Design

Figure 16: Engineering Drawing
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Appendix D: Project Schedule

31



32



33



34



