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Abstract 
 

The digital sheet music reader and player is primarily designed to serve as a preview device 

for musicians, musical instructors, or music students interested in hearing how a particular piece 

of music is intended to sound.  The device is designed to be a portable stand alone desktop unit.  

Ideally it will set on a desktop next to a musicians playing station so that the musician can listen 

and compare as they organize parts or play the piece.  Functionally, the user inputs image files to 

the device using a standard USB thumb drive.  Image files can then be converted to MIDI and 

saved back on the USB drive or played on the device.  The technical design aspects and 

professional components are discussed and outlined in the remainder of this report. 

 
 
1.0 Project Overview and Block Diagram 

 
The Digi-Sheet Music Reader and Player (DSMRP) is a portable music teaching aid. The 

purpose of this project is to provide musical students and teachers a way of hearing a score 

before or during practice of a piece. When people purchase sheet music there is often not an 

accompanying CD containing the recordings. In other cases the CD is lost and it can be hard to 

find the same version of the recordings.  The DSMRP can give musicians the ability to still listen 

to that musical score that they are practicing.  

 The DSMRP is controlled by an ADSP-21262 SHARC DSP microcontroller which 

interfaces with the Winbond 64 Note Polyphonic Ring Tone Generator, Crystal Fontz LCD, 

Cypress SL811HS Integrated USB host, standard pushbuttons, and a rotary pulse generator. 

 Using a home PC setup with attached scanner, the user just has to scan the sheet music 

onto the PC and store it on an industry standard USB thumb drive. By plugging the drive into the 

DSMRP the user has the ability to convert any bit map image contained on that device into a 

playable MIDI file. In addition to conversion of an image file, the DSMRP allows the user to 

combine multiple scores and chose the type of instrument that will play each piece. After the 

user has defined their parameters the DSMRP will store the MIDI file onto the external USB 

drive. The user can then play the file on their home PC.  
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2.0 Team Success Criteria and Fulfillment 
 

1) An ability to parse an image file, to determine note type (quarter, half, whole) and 
position on staff given a clef and key, into intermediate musical symbols. 

 
2) An ability to manipulate intermediate musical symbols into a MIDI file. 

 
3)  An ability to play a MIDI file through a MIDI audio processing chip. 

 
4) An ability to act as a USB host and interface to a thumb drive. 

 
5) An ability to display and navigate menu on a character LCD. 
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3.0 Constraint Analysis and Component Selection 
 
3.1 Computation Requirements 

We can expect that the processing of the image will require a good deal of computations, so 

it was important to choose a DSP that will be able to perform these calculations in a reasonable 

timeframe. Using an 8.5 x 11 inch piece of music scanned at 200 DPI gives us a 1700 by 2200 

pixel image. A resolution of this size is required to accurately distinguish between different note 

types. A grayscale bitmap image of this size can be as large as 4MB while a black and white 

image is only around 500 KB. The external RAM chip will need to be large enough to hold the 

entire picture plus histograms while it’s being processed. Based on current algorithms, it’s 

estimated to take as many as 152 million simple arithmetic cycles to convert a grayscale image to 

black and white, detect the staffs, measures and filter out erroneous lines. More accurate results 

can be obtained by removing noise in the image using a Gaussian filter convoluted with the 

histogram of the image. A DSP with specialized commands for this is ideal. 

 

3.2 Interface Requirements 

The nature of this project is focused on software development concerning the image 

processing, thus the number of general-purpose I/O functions will be limited. We will require 8 

general purpose I/O pins: 2 for a rotary pulse and 2 pins for pushbuttons, all required to navigate 

the menus. 2 more I/O’s will control the reset pins of the USB host and MIDI chip while the last 

2 I/O’s will route interrupts from the USB and MIDI to the microprocessor. 

The decision to use an 8-bit bus is derived from the choice of USB controller and audio 

chips, both of these chips require an 8-bit data bus. A multiplexed bus will require 19 pins[1] and 

will cut down the number of pins by as much as 36 pins[2]. The multiplexed bus will require a 

latch to hold the address lines while the data is being transferred. All pins connected to the 

address/data bus must be three-state so that there is no possibility of bus contention. Our design 

requires 3 chip selects for IC’s on the parallel port and will need to be generated by a PLD if they 

are not generated by the microprocessor. 

 

3.3 On-Chip Peripheral Requirements 

• External Bus Interface: 8-bit data, address at least 8Mb, 3 Chip Selects available 

• SPI/USART: 1 serial port for LCD communication. 
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• General Purpose I/O: A total of 8 I/O pins; 4 pins for rotary pulse generator and 

navigation buttons and 4 pins for reset and IRQ on the USB and MIDI chip. 

• RAM: enough to store the image being processed, 600+KB would be ideal  

 

3.4 Off-Chip Peripheral Requirements 

This device will require a few peripherals outside of the DSP controller. The main 

components are the USB controller, memory, audio chip and LCD. All chips on the address/data 

bus will be 3.3V parts, thus a level translator will not be necessary. The LCD does use 5V TTL 

levels but will not require level translation of the SPI signals (data, clock and chip select) 

because the 3.3V bus drives the signal above the threshold for a ‘high’. 

To make the audio processing relatively easy, we chose to use the MIDI standard. MIDI will 

allow our device to choose between 128 instruments and play up to 16 different instruments at 

the same time. A separate audio chip that can process MIDI commands and is able to interface 

with an 8-bit parallel will be required. A chip with a small built-in amplifier as well as an 

external headphone output will eliminate the need for an external amplifier. 

 

3.5 Power Constraints 

This device is not intended to be hand held, so it will be powered using an A.C wall-wart. A 

regulated 5V wall-wart will provide power for the LCD and audio amplifier. Two separate LDO 

regulators will be used to obtain the 3.3V and 1.2V required by the rest of the circuit. By keeping 

the audio amplifier at 5V, the noise on the 3.3V and 1.2V power lines should be minimal. 

Current considerations are as follows: [1], [4], [5], [7] 

5.0V: 160mA (LCD) 

3.3V: 160mA (DSP) + 25mA (USB Host) + 200mA (Memory) 

+ 20mA (Audio chip) = 405mA 

1.2V: 500mA (DSP Core)  

 

3.6 Cost Constraints 

Currently there are no products like ours on the market, so we aren’t competing with an 

existing product. The targeted consumer is primarily educators and music instructors but 

individuals would also benefit from the features of this device. A projected cost would be more 
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than a simple CD player but the Digital Sheet Music Reader and Player provides much more 

functionality and a greater learning experience than simply playing one musical track. An initial 

retail cost is estimated around $90 but has the ability to be significantly reduced by optimizing 

two pieces of the project. Buying components in mass production quantities will reduce the cost 

per part, but the most obvious cost optimization would be the selection of the LCD. A serial 

CrystalFontz LCD was chosen for ease of development but a more basic parallel LCD would 

cost much less. 

 

3.7 Component Selection Rationale 

Microprocessor 

There were many things to look at while considering a microprocessor, first and foremost 

was that we needed an external bus interface. This requirement adds many pins to the package, 

so we knew that we’d be working with a larger package. The nature of this project is more 

intensive on array and vector calculations because of the image processing. The optimization for 

convolution and histograms would be ideal and is integrated into many DSP architectures, while 

a RISC architecture would not be efficient at these calculations. 

 ADSP-21262 AT91R40008 PIC24F Constraints 

Architecture 32-bit Floating-

Point SHARC 

DSP 

32-bit RISC 

ARM7  

16-bit 

Microcontroller 

DSP 

Not RISC 

On-chip RAM 250KB RAM 256 KB RAM 8 KB RAM 

128 KB Flash 

200+ KB 

External Bus 8/16-bit bus 

4 flags/chip 

selects 

Multiplexed 

8/16-bit bus 

64 MB 

addressable 

8 chip selects 

8/16-bit bus 

2 chip selects 

multiplexed 

8-bit bus 

3 chip selects 

Serial Interface 1 SPI 2 USARTS 1 SPI & 1 UART 

while bus is 

enabled 

2 SPI/UART 

Package 144-LQFP 144-LQFP 80 & 100 LQFP Non-BGA 

Price $19.26 $9.91 $5.71  
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[1], [2], [3] 

The PIC24F is a smaller package size but doesn’t have enough on-chip RAM nor does it 

have enough chip selects. The AT91R40008 has a very limited instruction set, the external bus 

isn’t multiplexed and 64MB of addressable RAM is overkill. The SHARC is the most appealing 

because it is a DSP and meets all other constraints of the project. It also has extensive 

development tools available, which will prove invaluable as this project is very code intensive. 

These reasons led us to choose the ADSP-21262 (SHARC) to power the Digital Sheet Music 

Reader and Player. 

Memory 

Our device will operate such that the data on the external memory will not need to be saved 

once the device is turned off. The DSP will copy the image from the thumb drive onto the 

memory chip. It will then process the image and store that processed information back on the 

thumb drive to save for later. This means that we can use a run-time SRAM memory instead of a 

storage Flash memory. The SRAM should be arranged in 8 bit words to match the 8-bit data bus. 

3.3V SRAM chips above 16Mb are very rare unless they use words larger than 8 bits. So I found 

a few chips with the following specifications: SRAM, 16Mb (2Mx8), 3.3V, parallel interface. 

Cypress: CY7C1069AV33 (36-pin SOJ or 44-pin TSOP II) 

Renesas: R1RW0408D (36-pin SOJ) 

The preferred package type is the TSOP package and it’s relatively easy to obtain samples 

of Cypress parts. So we choose to use the Cypress CY7C1069AV33. [5], [6] 

Audio Chip 

Once MIDI was chosen as the method of audio playback we began looking for chips that 

would interface with an 8-bit data bus, accept MIDI commands and output an audio signal. All of 

our options came from the cell phone market: 

Winbond W56964:  64-Note Polyphonic ringtone chip, 32-pin QFN 

Fangtek FT1770N: Compatible with MP3 and MIDI, 32-pin LPCC 

NEC uPD9992: Ring Tone Generator LSI, 65-pin FBGA 

All three chips perform very similar functions so the main distinguishing factors are the 

package types and documentation available. Most chips had limited documentation, but 

Winbond was quick to respond via email and supplied us with five sample chips, an evaluation 
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board, numerous documents, and sample code. The QFN package of the Winbond was a 

challenge to solder, but it is our chip of choice. [7] 

 
4.0 Patent Liability Analysis  
 
 4.1 Results of Patent and Product Search 
 

The Digi-Sheet Music Reader and Player (DSMRP) may infringe on a patent for a music 

interpreter apparatus, filed under patent number 5,202,526 on December 17, 1991. It was 

assigned to Casio Computer Company based in Tokyo, Japan. The device described in the patent 

is intended as a musical interpretation device. It would scan a piece of written music for musical 

cues converted from standard written notes and symbols to a “string of coded music notational 

symbols” [1]. These notation symbols are intended to be more complex than the standard midi 

file format saying that the “notation symbol string describes composer’s instructions in terms of 

music notation” [1]. A “musical interpreter” within the system is designed in a hierarchical 

control structure where each aspect of a note is handled by a separate portion of the interpreter. 

So, loudness of sound could be handled by a section that compares all notes around it, while the 

pitch of the note is handled by a different section that only deals with the written markings for 

that note [1]. The DSMRP infringes on the device in the patent in one way. This infringement is 

the scanning of a musical image into coded symbols. 

The second patent describing an apparatus similar to the DSMRP device was filed under 

patent number 5,825,905 on September 28, 1994, to Yamaha Corporation. It describes an 

apparatus that is used to display the image of a written piece of music as well as an interpreted 

version of the written image side by side. An interpreted version is described as an image where 

each note was scanned off of the original document, converted to “score code data”, and an 

associated symbol displayed on the interpreted version of the written image [2]. If the symbol on 

the original piece of music does not match the one in the interpreted version, the device would 

allow for user input to change the interpreted symbol, changing the “score code data” [2]. The 

DSMRP device may infringe on the patent’s claims to allow user input to change aspects of the 

music that was interpreted and the conversion of the scanned music into what the patent refers to 

as “score code data” [2].  

A patent for a device that the DSMRP substantially infringes on can be found under 

patent application number 20060150803, which was filed July 15, 2005. This handheld or 
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desktop device interprets a paper copy of a musical score and processes the aspects of the music 

such as notes, level of sound, pace of music, etc. into MIDI format. The device can also accept 

pre-scanned images from wireless and wired networks as well as USB memory devices such as a 

flash drive. These midi files are then played in the form of synthesized sound via a speaker or 

headphone. The whole device may be contained in a “handheld device” [3]. The DSMRP 

infringes on the claim referring to conversion of a sheet music image stored on a USB flash drive 

into a MIDI format and playing that MIDI information. Furthermore, the DSMRP will be 

packaged as a portable device, which may conflict with the patent’s reference to a “handheld 

device” [3]. Also, the DSMRP may incorporate the ability to choose which instruments play 

during an audio output session, in the future. This may conflict with the “music minus one” 

feature claimed in the patent [3]. In essence, every part of the DSMRP will conflict on some 

claim within the patent.  

 

4.2 Analysis of Patent Liability 

Based on the doctrine of equivalents, the device infringes on both patents 5,825,905 and 

5,202,526 because of the ability to convert sheet music to a set of symbols that the DSMRP can 

interpret [1-2]. The production of the DSMRP is limited to the capabilities of it to convert a 

written piece of sheet music to a computer readable symbol referred to as an Intermediate Music 

File, or IMF. This file is intended to have enough information for a microprocessor to produce a 

complete MIDI file and an audio chip to play the file.  The processes the DSMRP uses to 

interpret the music file can be found in many published scholarly journals such as [4]. In fact, 

much research has been done on the topic of Optical Music Recognition (OMR) [4-5]. In the 

patent assigned to Casio Computer Company, the writer implies that the MIDI language is too 

primitive for the apparatus’ intended function. The writer states that, “these electronic musical 

instruments do not handle musical interpretation” [1]. The device that is being created by Casio 

will produce symbols that have much more meaning than what the IMS will do and is not 

intended to be played through MIDI format, where as the DSMRP’s program symbols are 

written with the sole intention of being played through MIDI format. Based on these facts it can 

be concluded that the idea of converting a scanned image into a computer readable symbol 

format does not infringe on Casio’s symbol format because these two symbol formats do not 

perform the same function. The patent filed for Yamaha states that the created symbols would be 
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used for playing of music utilizing the MIDI format [2]. The DSMRP creation of intermediate 

symbols with the intention of being converted to MIDI format is an obvious reason for creating 

these symbols. What needs to be addressed is not the idea of creating symbols from a piece of 

written music that will be then converted into MIDI commands, but the symbols themselves. The 

device will create computer readable symbols that are not the same as those used by Yamaha in 

this patent. Hence, the device does not conflict with the either of the patent’s claims of parsing a 

piece of written sheet music into computer readable symbols.  

Patent number 5,825,905 filed by Yamaha claims the ability to edit musical symbols that 

are created from a scanned image [2]. This process involves displaying an interpreted image of 

the scanned original document and allowing the user to edit the interpreted symbols by means of 

an LCD and buttons. The primary function of the LCD and buttons are to allow a user to change 

the symbols that were already created by the apparatus. The device will also have buttons and an 

LCD on it. They are present to allow the user to add extra information to the piece. This 

information could be the clef or speed of the piece. Upon closer examination, the DSMRP does 

not conflict with the present patent because the patent claims only to edit previously created 

symbols through the use of an screen and buttons, where as the LCD and buttons will be used for 

creation of new symbols that will aid in the playing of the device. 

Finally, the DSMRP described in patent application 20060150803 claims many features 

the DSMRP will be incorporating. Again, the DSMRP will be able to convert a file, read from a 

USB flash drive, into an IMF. A MIDI file will then be created based on the IMF and the user 

input information via an LCD and buttons. This MIDI file will then be sent to an audio 

processor, which will play the MIDI file in the form of audible sound though a speaker or 

headphones. One claim within the patent refers to the processing of a scanned piece of written 

music taken off either a network or flash device [3]. Clearly, the DSMRP performs the same 

function as that of the device stated in the patent. Yet, it has already been established that the 

processing of an image into a computer readable file format can be found in research done prior 

to the publishing of the patent and therefore we cannot be sued on these grounds. Furthermore, 

the makers claim the “producing [of] an audio rendition of the music score data … by means of a 

recording medium inserted into a reader incorporated into the computing device” [3]. The idea of 

processing an image off of an external recording device can be found throughout the computer 

industry. The claim is invalid because images are loaded from a memory device onto a computer 
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and edited in standard software before this patent was filed. The patent next claims that the 

apparatus will be hand held [3]. On the other hand, the DSMRP is intended to be “portable”. 

When referring to the device being portable it is implied that it would be easy to carry the device 

from place to place, but not so small that it could be held in a person’s hand or easily attached 

via belt clip. To see the distinction between these two concepts it is helpful to look at the 

difference between a PDA and a laptop. Both are devices that perform similar functions, but a 

laptop can not be held in one’s hand based on the consumer industry’s implied definition of 

handheld. As a result it is classified a portable device. On the other hand a PDA fits in a person’s 

hand easily and is classified as handheld. Therefore, the DSMRP does not conflict with this 

claim in the patent because they claim that the device can be handheld, where as the device is 

only portable. Given that the DSMRP will be able to change instruments that will be playing a 

musical piece in an audio session, it will be infringing on the “music minus one” feature claimed 

in the patent [3]. The “music minus one” feature allows the user to remove parts (instruments) 

from being played during an audio session. Given that a piece of music has multiple parts on it 

when it is scanned, it is hard to argue that the DSMRP does not conflict with the patent’s claim. 

Yet, MIDI standard integrates the “music minus one” feature. While most of the claims within 

the patent are proven to not conflict with the device when looked at individually, it is difficult to 

prove that all the claims making up the device is either obvious to anyone in the field or is not a 

novel idea. The conclusion is that the device does conflict with the patent’s claims and it would 

be hard to prove that the device is different, as a whole, from the patent’s device. 

 

4.3 Action Recommended 

While the patents filed for Yamaha and Casio contain features conflicting with the 

device, the features pertaining to the device were developed prior to the filing of the patents [4-

5]. On the other hand, the last patent filed July 15, 2005 describes a device that, while containing 

features that are not new or novel individually, is as a whole a novel device. It would not be 

obvious to create a handheld device that scans and processes music as well as plays it in the form 

of synthesized audio [3]. Therefore, I feel that further research must be done to either find a 

portable device that processes an image of sheet music and plays it in the form of audible sound, 

or find a research publication that mentions such a device prior to the filing of this patent to 

prove that the apparatus in the patent is not novel. Another option is to purchase the patent from 
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the owners or attempt to form a contract with the filers whereupon we pay them a royalty fee for 

production and selling the device. Finally, we can hope that the patent application never becomes 

a patent. Otherwise it is unlikely that it can be proven that the device does not conflict with the 

patent and we would most likely be prevented from producing the device.  

 
5.0 Reliability and Safety Analysis  . 
    
5.1 Reliability Analysis 

The overall success and reliability of the digital sheet music reader and player depends upon 

the successful interactions of all of the components in the device.  If any single one of these 

components fails, the device as a whole will fail.  Failure includes not only a physical device 

failure, but also a failure to perform the needed conversions and calculations as intended.  The 

digital sheet music reader has four components that have been identified as the most likely to 

fail: 1. ADSP- 21262 SHARC Microcontroller, 2. KA278R05C Fairchild 5V and 3.3V LDO 

Regulators, 3. W56964 MIDI Chip, 4. SL811HS USB Controller.  These components were 

selected because of their complexity and possibility of operating at temperatures greater than 

ambient.   

The Military Handbook for Probability Prediction of Electronic Equipment [1] was used to 

perform a calculation of the number of failures per 106 hours, λp, and the Mean Time to Failure 

(MTTF), 1/λp, for each component.  The operating environment of all of the components was 

assumed to be ground benign because the device will always be operated inside in a non-mobile 

manner and in a temperature controlled environment.  Also the quality factor for each component 

was taken to be 10, because the amount of screening was unknown.  Definitions of the 

parameters used for each model are explained in Table 2.1.  Specific assumptions for the 

separate components are elaborated upon in each section. 

Parameter Explanation 
C1 Die Complexity Failure Rate 
C2 Package failure rate 
NP Number of functional pins 
πT Temperature factor 
πE Environmental factor  
πQ Quality Factor 
πL Learning Factor 

Table 5.1 λp Parameters 
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5.1.1 ADSP- 21262 SHARC Microcontroller [2] 
 

( ) LQETp CC ππππλ ××+= 21 failures per 106 hours 
 

Parameter Value Justification 
C1 0.56 32 bit MOS microprocessor 

C2 0.0771 
144-pin nonhermetic SMT package 

( ) 08.14
2 106.3 pNC −×= , Np = 144 

πT 3.1 Digital MOS device, maximum junction 
temperature under bias, TJ=  125° C 

πE 0.50 Assuming ground benign environment, GB 
πQ 10 Assuming unknown screening level 
πL 1.0 Generic device in production for 2≥  years 

 
 
 
 
 

The SHARC microcontroller could be viewed as the brain of the digital sheet music reader 

and player.  The SHARC is used to calculate the various signal processing calculations as well as 

to communicate to the USB controller, LCD, Audio chip, and external memory.  All of these 

constraints considered, the reliability of the device relies heavily on the successful operation of 

the SHARC.  The 32-bit processor on the SHARC drives the failures per 106 hours up to 18.53 

and MTTF down to 6.165 years.  There is an obvious trade off for this component in that a much 

smaller and simpler microcontroller could be used for the component integration, however due to 

the aggressive signal processing, a simpler chip would likely be loaded down and perform much 

above normal operating temperature which would likely cause more failure.  So despite the fact 

that the more complex processor has a shorter MTTF, it will be operating at much more normal 

temperatures despite the signal processing.  Fortunately, while the failure of the microcontroller 

would render the digital sheet music reader and player unusable, it is of low criticality because 

no harm could be done to the user in the event of failure.  Along with the fact that failures of the 

SHARC are repairable, the higher rate of failure per 106 hours is acceptable for this component. 

   

 
5.1.2 KA278R05C Fairchild 5V and 3.3V LDO Regulators [3] 
 

( ) LQETp CC ππππλ ××+= 21 failures per 106 hours 

λp = 18.52 failures per 106 hours 
MTTF = 54004.4 hours ≈6.165 years
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Parameter Value Justification 

C1 0.01 Assume 1-100 transistors 

C2 0.0016 
4 pin TO-220F full plastic mold package, 

assume equivalent to DIP package  
( ) 08.14

2 106.3 pNC −×= , Np = 4 

πT 180 Linear MOS device, maximum junction 
temperature, TJ = 150° C 

πE 0.5 Assuming ground benign environment, GB 
πQ 10 Assuming unknown screening level 
πL 1.0 Generic device in production for 2≥  years 

 
 
 
 

The LDO regulators were included in the reliability analysis because by the very natural of 

the component, they operate at temperatures above normal.  This capacity to fail only increases 

as the input voltage increases and the regulators have to dissipate more heat.  Assuming no more 

than 100 transistors that the TO-220 full plastic mold package is closer to a DIP package than it 

is to a leaded can package, the failure rate is 18.01 failures per 106 hours.  Unfortunately in the 

case that the regulator fails by causing a short to ground and leads to over heating of the device, 

the criticality is high because this poses a serious danger to the user.  With this criticality level, 

the rate of 18.01 failures per 106 hours is unacceptable.  In the opposite event, however, the 

regulator simply fails to produce any voltage or a voltage out of tolerance and the criticality is 

low as nothing will happen in the device and the user will not be in any danger 

5.1.3 W56964 Winbond MIDI Chip [4] 
 

( ) LQETp CC ππππλ ××+= 21 failures per 106 hours 
 

Parameter Value Justification 

C1 0.29 Assume Digital MOS device with 30,001 to 
60,000 gates 

C2 0.0152 
32-pin SMT package, assume nonhermetic 

( ) 08.14
2 106.3 pNC −×= , Np = 32 

πT 1.5 Digital MOS device, Assume max junction 
temperature, TJ = 100° C 

πE 0.50 Assume ground benign environment, GB 
πQ 10 Assume unknown screening level 
πL 1.0 Generic device in production for 2≥  years 

λp = 18.01 failures per 106 hours 
MTTF = 55530.9 hours ≈6.339 years
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The Winbond audio chip is the final step in the signal processing of the digital sheet music 

reader and player.  Once the image file has been converted to MIDI the Winbond chip actually 

processes and plays the MIDI file using wave table synthesis.  The primary reason the Winbond 

chip was included in the reliability analysis was its processing complexity and timing critical 

operation.  It was assumed that the chip was the most complex digital MOS device possible with 

up to 60,000 gates.  This is a worst case assumption, because no information was available for 

the actual die complexity of the Winbond chip.  Also the maximum junction temperature was 

assumed to be 100° C which is well above the maximum operating temperature and no actual 

junction temperature data was available.  While these assumptions would be unsuitable for actual 

product manufacturing, they are worst case scenarios and are acceptable for this analysis.  The 

MTTF of the Winbond chip is 25.8 years which corresponds to 4.426 failures per 106 hours.  

This failure rate is more than acceptable seeing as how failures are of low criticality because the 

effects only result in device malfunction and could not cause personal harm to the user.  Along 

with the fact that no harm can be done to the user, a failure could be replaced and thus drives the 

criticality of this failure a bit lower. 

 

5.1.4  SL811HS Cypress USB Controller [5] 
 

( ) LQETp CC ππππλ ××+= 21 failures per 106 hours 
 

Parameter Value Justification 

C1 0.29 Assume Digital MOS device with 30,001 to 
60,000 gates 

C2 0.0132 
28-pin SMT package, assume nonhermetic 

( ) 08.14
2 106.3 pNC −×= , Np = 28 

πT 1.5 Digital MOS device, assume max junction 
temperature, TJ = 100° C 

πE 0.50 Assume ground benign environment, GB 
πQ 10 Assume unknown screening level 
πL 1.0 Generic device in production for 2≥  years 

 
 

λp = 4.426 failures per 106 hours 
MTTF = 225937.6 hours ≈25.8 years

λp = 4.416 failures per 106 hours 
MTTF = 226449.3 hours ≈25.9 years
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The Cypress USB controller will act as a host so that the user can interface to the device 

using a portable USB thumb drive.  This is the very first step in the process of converting the 

image file to a usable audio sample.  Without the proper function of the USB controller, the 

device will do nothing of any significance no processing can begin until a valid image file is 

recognized on the USB drive.  The USB controller was selected for reliability analysis because it 

has an external interface connector and is handling large amounts of information in a very time 

sensitive manner making it a likely candidate to fail.  For this digital MOS device, it was 

assumed that it has up to 60,000 gates and a maximum junction temperature of 100° C.  There 

was no information available for die complexity or junction temperature, thus both assumptions 

are pessimistic estimates and prove suitable for this analysis.  Using these assumptions the part 

failure rate of 4.416 failures per 106 hours and a MTTF of 25.9 years was calculated.  In this 

device, the failure of the USB controller would simply render the device useless but cause no 

physical harm to the user.  As such, the calculated MTTF is acceptable.  If the device was being 

analyzed for actual production, more information would definitely be needed, but seeing as this 

is a low criticality component and that they are worst case assumptions, the assumptions are 

justified and the MTTF is acceptable.   

 

5.1.5 Reliability Analysis Conclusions 
 

Component 
Part Failure 

Rate, λP  
(per 106 hrs) 

MTTF 
(hrs) 

ADSP- 21262 SHARC Microcontroller 18.52 54004.4 
KA278R05C Fairchild 5V and 3.3V LDO Regulators 18.01   55530.9 

W56964 Winbond MIDI Chip 4.426 225937.6 
SL811HS Cypress USB Controller 4.416 227449.3 

 
The results of the reliability analysis for each component are summarized in Table 2.5.  The 

shortest MTTF are found for the SHARC microcontroller and the LDO regulators.  While the 

criticality of failure for the microcontroller is low, if the voltage regulator causes a short and 

leads to overheating, a serious risk is posed to the user.  This high criticality is reason enough to 

consider alternate designs to improve reliability or decrease potential hazards to the user.  
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Perhaps a more sophisticated voltage regulator that can protect against shorts or an oversized 

heat sink mounted near the regulators. The MTTF of the USB controller and Winbond chip are 

similar and more than acceptable considering the low criticality of failure for either one of the 

components.  Overall the MTTF of the device seems acceptable and within acceptable values 

considering out of all possible failures, really only one case could be potentially harmful to the 

user. 

 
5.2 Failure Mode, Effects, and Criticality Analysis (FMECA)  
 

In order to analyze failure modes, the schematic of the digital sheet music reader and player 

was broken into functional blocks.  The power circuit (A), the USB controller block(B), the 

microcontroller (C), the external memory (D), the audio circuit (E), and the LCD and associated 

pushbuttons (F).  The schematics for each block can be found in Appendix A, and the FMECA 

chart for each block in Appendix B.     

Each of these blocks represents a unique function in the device, and as such has unique 

modes, effects, and criticality of failure.  Two levels of criticality are considered for this analysis.  

For a failure that could potentially cause injury or personal harm to the user, a criticality of high 

was assigned.  The failure rate for this level should be on the order of λp < 10-9.  For failures that 

simply render the device useless and cause only user dissatisfaction, a criticality level of low was 

assigned.  The failure rate for this level should be on the order of λp < 10-5 

 
6 Ethical and Environmental Impact Analysis  
 

Although this device by the nature of its intent to be used does not pose any great threat to 

the user there are a number of ethical and environmental concerns that this product will bring to 

the user.  Ethical issues to consider are that the device could destroy the user’s personal data 

contained in the USB drive, cause hearing loss through the headphone jack, or have a relatively 

short life span due to poor design.  The device also can cause many environmental issues in 

manufacturing, normal operational use, as well as improper disposal. 

 

 

6.1 Protection of USB Data 
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The DSMRP uses a USB flash drive that is provided by the user.  This means that the 

USB flash drive will more than likely have other data besides the images of sheet music on them.  

We have tried to take every precaution so that we do not write over the other files on the USB 

flash drive or corrupt the drive.  Microsoft Windows XP had to fix a data corruption problem 

earlier windows had had when the drive is not removed safely.  Windows XP writes changes to 

the file on the USB drive as changes are made instead of leaving the file open on the drive.[1] 

The team plans to use this same technique to overcome data loss problems to the user’s 

USB drive.  The device will need to import portions of the image at a time since the 

microcontroller only has 2 megabits of SRAM on chip [2] and the bitmap images will be around 

500 kilobytes.  The portions will be compiled together on the external memory.  The image will 

never be left open in the USB drive while waiting to send more of the image, but instead one 

bulk write will be made at a time until the entire image has been moved onto the external 

memory.  All intermediate symbol (IMS) files will be written on external SRAM first and then 

written to the USB drive once the entire file is done being made.  USB drives are hot-swappable, 

which means they can be plugged and unplugged from the device at anytime [3], but to be safe 

we will have in the manual a caution against unplugging the USB drive from the device until the 

user is completely done using the device.  This way all files will be finished being written to or 

being read from the USB drive when the user unplugs the USB drive. 

 

6.2 Hearing Loss from Sound Considerations 

Conversation occurs at 60 dB, and sound at 85 dB will cause hearing loss after eight 

hours of exposure to it [4].  The DSMRP has the capability of being developed to play sound in 

later upgrades, so for now there is no concern.  The audio processor does have a volume control 

that we will be able to limit to the output of our stereo out volume, but headphones are so close 

to the ear that extended listening at sound levels that don’t seem that loud can still be damaging.  

When an upgrade is made with music, a warning will be included in the manual on this issue.  If 

the user needs the sound to be louder so that a class room can hear, the user can hook the device 

up to external speakers through the stereo out connection on the device. 

 

6.3 Lifespan Considerations 
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By the nature of the application of the DSMRP, the device should not suffer from many 

extreme external circumstances.  For normal application the device will be kept in classrooms, 

which is out of the sun and the winter’s cold.  The device is not intended to withstand very much 

physical abuse since it is meant to be rested on a desk.  From the Military Handbook for 

Probability Prediction of Electronic Equipment, it was found that the LDO regulators will fail 

18.01 times per 106 hours [5], which translates to the product fails after just over 6 years.  This 

would not be too bad of a problem except the LDO regulators can short to ground and cause 

overheating and potentially burning.  This product does not need to last that long for a few 

reasons.  Technology outdates present technology at a growing rate.  The modern computer lasts 

a couple of years.  It is also not cost effective to make the lifespan longer.  LDO regulators will 

only improve in time, and they can be integrated in future designs. 

 

6.4 Manufacturing Considerations 

The DSMRP has a PCB for a main board as well as one inside of the LCD screen.  The 

LCD screen and the PCB manufacturing causes many waste products including industrial 

wastewater and treatment residues, spent process baths, e/acids used for cleaning equipment, 

copper sulfate crystals, and re-flow oil [6].  The first step the team will take will be to find a 

manufacturer that will grant our request that the present environmental regulations are met or 

exceeded.  We will also try to reduce waste by keeping the PCB as small as possible.  All surface 

mount parts will be used as much as possible, and both sides of the PCB will be used as 

efficiently as possible. 

 

6.5 Normal Use Considerations 

The team is designing this device so that it takes the least amount of power possible.  

Lowering power will lower demand and waste like CO2 from power generation plants [7].  The 

internal clock on the microprocessor will be clocked down when the device is first turned on 

until a USB drive is inserted into it.  All IMS files made from processing images of sheet music 

will be saved on the USB so that the heavy DSP calculations that draw a lot of current to the 

microprocessor do not have to be done every time the device is power cycled.  This will also 

shorten the time that the user has to keep the device on since less time will be spent on preparing 

the MIDI files. 
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6.6 Disposal and Recycle Considerations 

The DSMRP packaging will be made out of aluminum.  This means that the only parts of 

this device that will need to be recycled using special means are the PCB in the LCD and the 

main PCB.  Several companies offer recycling services that recover the raw materials from PCBs 

[8].  A label will be put inside the packaging next to the main board as well as a note in the 

device’s manual suggesting that the PCB be recycled with a company that offers the proper 

services.   

Although he DSMRP does have some ethical and environmental issues the device is not 

any different than most electronic devices on the market.  If the device is correctly designed, the 

user will not have to worry about hearing loss or data loss.  Probability of the device burning up 

is also very small especially since it does not have a battery.   Unfortunately there is not a way to 

make an embedded system without some hazardous materials being produced in the PCB and the 

manufacturing of the PCB, so there will be documentation that will point the user to where the 

user can recycle the board. 

 
7  Packaging Design Considerations  
 
7.1  Commercial Product Packaging 

When considering the desired packaging for the digital music sheet reader, two commercial 

products were found to have both similar function and meet several of the set design criteria for 

the device.   

7.1.2 SONY Model TCM-929 Standard Cassette Recorder 

This SONY device is the typical desktop cassette 

player and recorder.  Specifically, the recorder is 5.7w x 

8.4d x 2.3h (inches) and weighs 1.6 lbs [4]. Some of the 

positives of this package include the size and portability 

of the device.  This package is small enough to be 

transported without difficulty and the handle makes 

carrying it from place to place trivial. Functionally this recorder is very similar to the digital 

sheet music reader which proves beneficial because the package has a speaker built into the 

housing, similar to our device.  Several of the drawbacks of this device are the fact that it is a 
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tape recorder which in fact plays no role in the function of the sheet music reader.  Also the panel 

of buttons is a disadvantage in the sense that we are looking to utilize a RPG for digital menu 

navigation.   

To facilitate more involved user interfacing; the digital sheet music package will include an 

LCD for menu display, an obvious feature that this recorder is lacking.  Also the major data input 

of the sheet music reader is intended to be a USB flash drive which facilitates the need for an 

onboard USB host controller.  The necessary integration of the LCD and USB elements of our 

design are the major places where our package will differ from this SONY package.  Also, this 

package is designed to operate on its “back”, which will differ from the sheet reader that is 

designed to sit upright to allow the user a good view of the LCD display and easy navigation on 

the menu. 

 

7.1.2JVC RC-EZ38 USB Host Portable Boom box 

This JVC boom box appears to be the futuristic version 

of the timeless jam boxes or ghetto blasters of the early 80’s.  

This package is a stand alone portable desktop model with 

dimensions 18.6w x 7.8h x 10.7d (inches) and weighs 8 lbs. 

[5].  Some of the positive aspects of this package design 

include the LCD screen, USB host controller, carrying 

handle, and the two vented speaker bays.  These few extra 

external features give the JVC a much more broad interfacing capability.  The weight is a major 

concern for this device.  While it is portable, the JVC boom box weighs 8lbs which is heavy 

enough to cause some discomfort if it is to be transported by hand for an extended amount of 

time.  A majority of this weight comes from the batteries used to power this device. 

The digital sheet music reader will incorporate most of the external interface elements of this 

package.  The LCD screen, USB connector, external speakers, and handle are all elements that 

will be present in the sheet music reader package.  Also the JVC is oriented facing “forward” so 

that the display is easy to see while on a desk.  The digital sheet music reader package will model 

this orientation in order to maximize user interfacing.  While these elements will be modeled, the 

overall size and weight of the device will differ from the digital sheet music reader dramatically.  

In order to facilitate this, the sheet music reader will only employ a single speaker namely 
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because the device is intended for more preview quality audio.  Also the digital sheet music 

reader will not have large on board batteries to power the device. 

 

7.2   Project Packaging Specifications 

The digital sheet music reader package is a simple project box with some modifications for 

the DSMRP.  Dimensionally the box is 7w x 7h x 2.5d (inches) [6] and is oriented in a portrait 

manner with the 7 x 2 inch face acting as the bottom and the 7 x 7 inch face acting as the front. 

The major components that are housed in or on the box are the PCB, the LCD, two pushbuttons, 

a RPG, and several external sockets for USB, power, headphone out and line out.  The LCD, 

RPG, and the push buttons will all be installed on the front of the box in order to maximize user 

interface and usability.  The package has room for an external speaker but on the current version 

of the DSMRP none is installed.  The speaker could be mounted just below the RPG and push 

buttons on the front of the enclosure. 

The PCB is mounted on the lower level of the box leaving room for the LCD in the upper 

half.  The PCB orientation is set up so that an easy distinction can be made between the external 

interfaces on the package.  The USB socket is mounted on the right side of the box, while the 

power, headphone and stereo outs are on the left side of the box.  The specific position of these 

inputs and outputs on the actual enclosure is more of a function of the PCB layout than user 

interface or functionality.  The reason for the PCB layout constraining the position of these 

components is their need to be attached to the PCB and to have an external interface.   

     

7.3    PCB Footprint Layout 

There are several design constraints regarding the sheet readers PCB.  To begin with, there 

are several external peripherals with external connectors.  These external interfaces include the 

USB connector, power connector, headphone out, and the speaker out.  Because of these 

requirements, the chips corresponding to each of the connectors must be placed relatively near 

the edges of the board.  Knowing this, it follows that components are placed on the board similar 

to the pipeline of data processing occurring on the board.  The pipeline consists of the image 

coming in on the USB, moving to the main microcontroller, being processed into music 

information, moving to the audio processing chip, and then being played through the speaker or 

headphone jack.    
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The major components of the sheet music player were selected based on the overall design 

constraints, and in most cases the packages were selected because the option was typically 

between a BGA package and QFN or PLCC packages.  For our application the BGA package 

will not work, so in most cases the QFN or PLCC was selected.  Although is not the most 

desirable it was necessary to choose the QFN over the BGA given those were the only options 

for some of the components.  The USB controller is a Cypress SL811HS Embedded USB 

Host/Slave Controller which comes in a 28pin PLCC with dimensions 12.45 x 12.45 x 4.58d mm 

[1].  The microcontroller is a Sharc ADSP-21262 which comes in a 144 pin LQFP package with 

dimensions 22 x 22 x 1.6d mm [7].  The Audio chip is a Winbond W56964 which is packaged in 

a 32 pin QFN with dimensions 5.2 x 6.2 x 1 mm [8].  From these major components, the 

expectation of other passive and non-major components, and the constraints set by the actual 

enclosure, the initial size of the PCB will be 4 x 6 in.  This not only is a suitable size for all of the 

components, but also is a result of the package size and the ability to interface several external 

elements.  

 
8 Schematic Design Considerations 
     
8.1 Theory of Operation 

USB Controller: Cypress -  SL811HS 

The Digital Sheet Music Reader and Player starts up and waits for a USB drive to be 

connected. According to USB standards, one device on a USB bus must act as the host. A USB 

thumb drive is incapable of being the host, so the USB controller operates in Host mode. A USB 

thumb drive is considered part of the Mass Storage Class and communicates via Bulk-only 

Transport. [] Every bulk transfer needs to start with a 31-byte Command Block Wrapper(CBW) 

telling the device what type of data transaction to expect. The requested data is either sent or 

received then the host requests a 13 byte Command Status Wrapper (CSW) from the USB 

device. The CSW contains the result of the data transfer from the perspective of the USB device, 

this is compared with the USB host to determine if the transfer was successful or not. Support for 

the FAT filesystem on the USB drive will be included to achieve file I/O which is compatible 

with Windows. 

Microcontroller: ADSP-21262 (SHARC) 
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The SHARC operates as the central processing unit; all other major subsections are directly 

linked to it. The USB controller, external memory, and MIDI processing audio chip are 

connected to an 8-bit data bus. All ICs on the bus have tri-state pins which are driven only after 

the appropriate chip select signal. Chip selects are not generated by the SHARC, so a PLD uses 

the three most significant address lines to generate the three required chip selects. Each device is 

mapped to a specific address so that the three most significant address lines address only one IC 

at a time. 

The SHARC can be set in five different computational modes; the default being 32-bit 

floating-point format. We have no extenuating circumstance to choose any other computational 

mode, so it is sufficient to use the default mode. 

Memory: Cypress – CY7C1069AV33 (2M x 8) SRAM 

The operating mode of the memory is rather straight forward, it gets complicated when 

considering the multiplexed bus and the mapping of the memory in the SHARC. One of the 

major concerns will be timing. There are 21 address lines and eight data lines in addition to three 

control lines and all of these will be operating at speeds up to 66 MHz; these address and data 

signals are time multiplexed to 16 pins on the SHARC.[] The generation of the chip select by the 

PLD will be crucial because the chip select will need to go high immediately after the data 

transfer so that the data pins become high impedance to avoid bus contention. A supply voltage 

of 3.3V was chosen because the SHARC address and data pins use 3.3V logic levels. Using this 

supply voltage prevents the need of using a 32-bit level translator for the entire bus. 

Power 

The main power for the board was chosen to be 6V and will be used to power the 3 voltage 

regulators at 5.0V, 3.3V and 1.2V. The LCD and USB bus expect 5.0V and the digital 

components require 3.3V and 1.2V, all of which will be obtained from three LDO linear 

regulators connected to the main 6V power source. There is come concern that digital switching 

noise will affect the audio amplifier on the MIDI chip. To remedy this we designed a low pass 

filter using a ferrite bead chip for analog-digital power separation. 

 

8.2 Hardware Design Narrative 

Microcontroller: ADSP-21262 (SHARC) 
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The parallel port on the SHARC plays an integral role in interfacing the major subsections 

together. All devices on the parallel port are 8-bits wide. This 8-bit bus is multiplexed with 16 

pins that provide both the data and address information. The USB controller and MIDI processor 

are connected directly to the first 8 data pins, while the memory needs 21 address lines and 8 

data lines. A 16-bit external latch is used to hold addresses 8-20 while the processor drives the 

lower 8 bits of the address. 

The Serial Peripheral Interface (SPI) port is enabled and used for the LCD display. The baud 

rate is set significantly lower than the core clock speed because the LCD doesn’t transfer large 

amounts of data and it isn’t able to support fast baud rates. Three pins are required for the clock, 

serial data and chip select; but they are at 3.3V logic levels and the LCD requires 5V. A ‘high’ 

bit of 3.3V is above the threshold for a ‘high’ on the LCD, so level shifting of the three signals 

will no be necessary. 

The SHARC has a Digital Audio Interface (DAI) that this project does not require, but 

several DAI pins are configured as general purpose I/O pins for menu navigation buttons. Two 

buttons and one Rotary Pulse Generator (RPG) are used and they require four I/O pins. These 

pins have the option of being interrupt driven or polling/status driven. The pushbuttons and RPG 

are interrupt driven and routed using the Signal Routing Unit (SRU) to the specified pins on the 

DAI. The main loop continually polls the navigations flags which are set upon detection of an 

interrupt. The previous state of the RPG is saved as this is required to determine the direction of 

rotation. I/O pins not being used utilize the internal pull-up resistors. 

USB Controller: Cypress - SL811HS 

An external clock of 12-MHz is required by the SL811HS for host mode. The reset pin is 

driven by a GPIO on the DAI of the SHARC because this IC needs to be reset on certain events. 

The interrupt pin currently isn’t being utilized but is routed to a GPIO with the capability of 

triggering interrupts for various events. The interrupt wasn’t used because the polling nature of 

our main program made it easy to query the SL811HS periodically. The series resistor values of 

24 Ohms and 15K Ohms pull-down resistors were recommended by the SL811HS Interfacing 

document and are common to the USB standard. 

Audio: Winbond - W56964 

This MIDI chip includes a built-in amplifier that drives an 8-ohm speaker at 550mW. A 

simple low pass filter is implemented using a ferrite bead to separate the digital switching noise 
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from the analog amplifier. The chip provides a 3-band equalizer that uses the recommended 

values to produce a flat equalization. The address/data bus interface will be similar to the other 

chips on the bus; 12 lines for the data and control lines with a chip select that is to be generated 

via PLD. Although support for this MIDI chip is currently not supported in our code, future 

revisions fully intend to utilize the features of this chip. 

 
9 PCB Layout Design Considerations  
 
9.1 PCB Layout Design Considerations – Overall 

The PCB will be divided into 5 sections based on the major modules of the device. These 

sections are the USB module, power module, microprocessor module, user interface module, and 

audio Module. The USB module will be involve the SL811HS Integrated USB Host, a standard 

USB Type A receptacle connector, a 12 MHz clock and filtering for the clocking signal . The 

Microcontroller Module will encompass the ADSP-212602 DSP Microprocessor,74VCXH16373 

16- bit D-type Latch, CY7C1069 BV33- (2M x8- bit) Static RAM, AT25F4096 4Mb SPI Flash, 

16V8 PLD, 12 MHz Crystal, and Low pass filtering for the clocking signal. The Power Module 

consists of the 6 volt Regulated Wall Wart,5 volt LDO regulator 3.3 volt LDO regulator, 1.2 volt 

LDO regulator and low pass digital to analog circuit separation filtering and the power 

connector. The Audio Module has a MIDI interpreting chip and headphone jack. Finally, The 

User Interface Module allows a person to communicate via a LCD screen, two pushbuttons, and 

a rotary pulse generator. A technician will be able to communicate with the device using a JTAG 

connection. 

 The PCB will have dimensions of about 153.7 mm x 143.51 mm. The digital circuitry 

includes the components for the USB, microprocessor, and user interface modules. The analog 

circuitry consists of the audio module. The layout of the board has physical separation between 

the digital circuitry, the audio module and power module. The separation between digital circuits 

and audio module is present to reduce digital switching noise on the analog audio outputs. This is 

achieved by placing the power and audio outputs on the right side of the board and the digital 

components on the left side of the board. The only analog traces within the circuit, excluding 

power traces, are the output from the audio chip to the headphone jack. Therefore, by confining 

the analog circuitry to the bottom right side of the board the analog traces can be separated from 
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digital traces, thus preventing cross coupling which can degrade audio performance and digital 

signal quality. 

 A large amount of current is needed by the audio module to drive a speaker connected 

to the PCB. As a result the audio module is placed as close to the power supply as possible, 

without being so close that signal quality is degraded by noise from the power traces. While the 

audio module consists mostly of analog signals, there are still digital signals passing into the 

module through the data bus connected to the audio chip. The cross coupling of capacitors 

prevented by not having an analog signal crossing a digital signal trace. 

 The project provides a user interface through push buttons a LCD and various jacks away 

from the PCB. All of these interface connectors are connected using standard friction lock 

connectors. The USB jack is mounted on board and is connected using traces. The power 

connector is connected using a clip lock connector to prevent accidental disconnection. 

  

9.2 PCB Layout Design Considerations – Microcontroller 

The microcontroller being used for the project is a 144-pin DSP chip. This chip requires a 

3.3 volt source that will supply 10 pins interspersed around the chip and a 1.2 volt source 

supplying 34 pins scattered across the chip [1]. Coupled with 39 ground pins around the board, 

the power routing is a significant challenge with a two layer PCB. The best course of action was 

to run all power and ground traces from the regulators to the microcontroller area through the 

bottom of the PCB and bring them up through vias to the top layer of the PCB before connecting 

to pins. Ground traces were also run parallel to the power to the DSP from vias brought to the top 

layer next to the microcontroller. If power had been routed around the outside of the 

microcontroller they would run parallel to the data bus lines. Therefore, the power is routed from 

under the microcontroller because this will cause the least amount of cross coupling disturbance 

on the address/data bus which has pins located right next to power pins. 

 Eight coupling capacitors were required for the microcontroller in the form of six 

0.1μF capacitors and two 0.01μF capacitors. All of them are located on the bottom side of the 

PCB under the microcontroller in a star pattern to make them as close as possible to the pins for 

an instantaneous supply of current. [2] 

 All address/data pins are routed on the top side of the PCB in all cases except those 

were the individual address lines were in the way of other address lines. The timing for data 
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packets sent between the microcontroller and other chips are crucial, so routing between the 

bottom and top of the board through the use of vias was kept to a minimum. This reduced the 

trace capacitance. 

 Finally, an external clocking signal was placed next to the clock input pins of the DSP to 

provide the most accurate clocking signal possible. In addition, filtering was used to ensure that 

the power lines had the cleanest signal possible. This filtering utilized a ferrite bead and 

capacitors, laid out according to device specifications. [3] 

 

9.3 PCB Layout Design Considerations - Power Supply 

The power module of the project consists of a 6 volt wall wart power supply and two 

regulators. These components provide 3 voltages for the system. The 6 volt supply is used to 

power 3 regulators. At the point where the power supply enters the PCB, coupling capacitors and 

a ferrite bead were attached [4]. The bulk capacitor helps provide instantaneous current to the 

regulators and LCD and the smaller capacitor helps smooth out high frequency noise from the 

outlet. From the 6 volt supply, one regulator provides a 1.2 volt signal to the microcontroller and 

the other regulator provides a 3.3 volt signal to the microcontroller, audio chip, USB host, and 

external memory.  All of these components are located on the left side of the board to isolate 

them from the rest of the components and reduce signal noise from coupling between traces. 

The three voltages are distributed into two separate power circuits. The 3.3 volt and 1.2 volt 

source are routed to the digital power circuit and the 3.3 volt and 5 volt signal are routed to the 

analog power circuit. By having two semi-separate power circuits the effects of digital noise are 

more easily isolated from the analog circuit because traces are separated from each other as soon 

as they leave the regulators to prevent cross coupling. In addition all ground traces should be run 

in parallel to the power traces when possible to cancel EMI [4].  

All of these power traces are being run on the bottom of the board to separate them from 

clutter of the other circuitry and reduce the use of vias. The power traces will mostly be routed 

inside of the board and along the right side isolate them from critical data signals. This will also 

allow room for the traces from the power supplies to begin as wide as possible and gradually 

decrease in width as they approach the pins for powering of the chips. By keeping the traces at 

40 mils in width for as long as possible, the resistance will be kept to a minimum and the power 

dissipation in the traces will be lower. [4] 
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10 Software Design Considerations    
 

This is a very heavily software dependant device using a SHARC ADSP-1262 [1] embedded 

processor to convert the images into code stored as intermediate music symbols (IMS) files that 

represents the notes’ pitch, length, and location in the song.  The code will then need to be 

converted into the MIDI format to be played through a MIDI processor.  Additional peripheral 

units include the LCD screen and the user interface consisting of pushbuttons and a rotary pulse 

generator (RPG).  Software to access all of the IMS files and selected images on a FAT [2] 

formatted USB drive must be created so that the files can be saved on our device’s external 

memory and files created by our device can be saved back on the USB flash drive. 

 

10.1 Memory Mapping: 

0x0000 0000 – 0x0003 FFFF  Registers 

0x0004 0000 – 0x0007 FFFF  Bank 1 (long word) 

0x0008 0000 – 0x000F FFFF  Bank 2 (normal word) 

0x0010 0000 – 0x001F FFFF  Bank 3 (short word) 

0x0020 0000 – 0x00FF FFFF  Reserved 

0x0100 0000 – 0x011F FFFF  Unmapped memory addresses 

0x0120 0000 – 0x013F FFFF  External SRAM 

0x0140 0000 – 0x0140 0001  USB controller 

0x0140 0002 – 0x017F FFFF  Unmapped memory addresses 

0x0180 0000 – 0x0180 0001  MIDI processor 

0x0180 0002 – 0x02FF FFFF  Unmapped memory addresses 

0x0300 0000 – 0x3FFF FFFF  Reserved 

 

Bank 1 

0x0004 0000 – 0x0004 3FFF  Block 0 SRAM (Code) 

0x0004 4000 – 0x0005 7FFF   Reserved 

0x0005 8000 – 0x0005 FFFF  Block 0 ROM (Mask Programmable) 

0x0006 0000 – 0x0006 3FFF Block 1 SRAM (Static Data, Stack, and Variables) 
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0x0006 4000 – 0x0007 7FFF  Reserved 

0x0007 8000 – 0x0007 FFFF  Block 1 ROM (Mask Programmable) 

 

The structure of Banks 2 and 3 are arranged similar to Bank 1.  The SRAM in Banks 2 and 3 

are reserved for an image being processed.  The mask programmable ROM can be used when the 

device is mass produced for program code instead of the SPI Flash. 

 

10.2 External Interfacing Mapping: 

The device uses SPI flash on chip select 0 so that on boot up the processor loads the 

program code into internal SRAM.  The LCD uses chip select 1.  The push buttons each uses one 

pin from the Digital Applications Interface (DAI), and the rotary pulse generator, rpg, uses two 

pins.  These pins are mapped through the Signal Routing Unit (SRU) as low priority interrupts.  

The USB controller, external SRAM, and the Winbond chip use the external bus uses the parallel 

port [AD0:AD15].  It receives data at 0x000 1809, and it transmits data at 0x0000 1808.  The 

external bus has three control lines [ALE, Read, Write]. 

 

10.3 Utilization of Integrated Peripherals: 

The SPI and the Parallel Port are core driven and are used to interface with all external 

ICs.  The DAI is used for the push buttons as well as resets for the Winbond chip and the USB 

controller. 

 

10.4 Organization of Application Code: 

 The device has two states that it can be in during operation.  One state is where the 

user has a menu to select different options.  The other state the user will have no control of the 

device, and the device will be processing data to create an IMS file from an image or a MIDI file 

from IMS files.  In the first state the processor will need to be looking for when push buttons are 

set or a USB drive is inserted by the user when in the menu, so the processor will be acting in a 

polling loop at this time.  In the second state the processor will need to process data and create 

files without user intervention, so the processor will be acting as command driven.  Therefore, 

the device will be a hybrid of command driven and polling loop. 
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10.5 Flowchart: (see Appendix H) 

 

10.6 Provisions Made for Debugging 

There are 6 pins on the microprocessor that are used for JTAG/ICE debugging.  The image 

processing algorithms were developed on Matlab.  SourceUSB software was used to analyze 

standard USB bus traffic.  Self testing signals, voltage levels, and pin outs were done extensively 

to ensure the units were properly placed on the PCB and within operation limits before using 

them. 

 
10.2Software Design Narrative (see Appendix I for hierarchical diagram) 

Mayhem:  This is the main polling loop and menu module.  Each time through the loop it checks 

if an interrupt has occurred corresponding to either of the push buttons or either of the directions 

for the rpg.  If any of interrupt flags are set, an event occurs to modify the menu.  If the select 

push button is pressed, the menu moves into the next sub-menu or selects the desired choice if it 

is the bottom sub menu.  The back push button moves control to the previous menu unless the 

current menu is the main menu, in which back is invalid.  The RPG interrupts allow current 

menu options to be scrolled through in a circular manner.  The Mayhem module calls functions 

from all of the other modules in order to carry out the user desired functions.  

Initialize:  The SPI for the LCD screen is initialized here, and the SRU is used to route interrupts 

to the DAI for the push buttons and the rpg.  The SPI is set to 32-bit words and MSB sent first.  

This module has been successfully tested and integrated into our software. 

menu:  The image processing set up sub menu is more complex than the main menu because of 

the various choices of MIDI instruments and musical notation.  This module is similar in 

structure to the main menu, but contains all of the image set-up options and writes them to a 

string that eventually becomes the header for a given IMS file.  Also the menu module contains 

helper functions for formatting the LCD menu and other displays.  

USB_Driver:  The complexity of the USB standard requires drivers to allow us to communicate 

with a USB device. Our module contains functions that meet the specifications of timing, error 

handling, and packet size and content. Some basic initialization functions were adapted for the 

32-bit architecture of the SHARC, other functions were developed to interface with a mass 

storage device such as a USB drive.  Higher level functions from a development board’s 
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software for the Intel 8051 interfaced with our chip was used in creating this module [3].  This 

module has been successfully tested and integrated into our software. 

fatFxns:  This USB drives use the FAT file system to store data.  This module contains the 

drivers that enable FAT file reading and writing.  The higher level functions were found from a 

project that interfaced with a compact flash card.  The lower level functions were written using 

the USB driver, and enable the use of the higher level functions with minimal modification.   

image_processing:  The Optical Character Recognition (OCR) for sheet music was centered 

around creating histograms of the amount of black pixels in rows or columns of different 

segments of the music [4].  A histogram function is declared that can be adapted to be used by 

different functions to find staves, notes on a staff, and the location and value of each note.  From 

the OCR of the sheet music, an intermediate symbol file (IMS file) is made to represent the sheet 

music in numerical values.  This module has been successfully prototyped in Matlab and written 

in C, but it has not been tested and integrated into the software. 

FileFunctions:  The file conversion takes place on the SHARC, however the actual files need to 

be stored on the external SRAM.  These functions allow writing to the SRAM one byte at a time 

by packing each byte into a buffer then sending 4 byte chunks in order to minimize the space 

taken up on the SRAM.   

IMS_Build:  This module is called by the image processing module to create an IMS file from 

the data specified by the user and the image processing.  The IMS files will store a byte that 

represents the note’s length and another byte that represents the note’s pitch for each note for that 

instrument.  It also will store the song’s tempo, key signature, type of clef, and time signature.  

All of this data is necessary to create a MIDI file.  This software has been successfully tested and 

integrated into the software. 

 

IMS_MIDI:  This module will take an IMS file and convert the stored data into a MIDI file.  

This module will look at the first byte of the IMS file for the song’s tempo, the second byte for 

the key signature, the third for clef, the fourth for the time signature, and then it will look at two 

bytes at a time for each note’s length and pitch [5].  The function then stores the MIDI file onto 

the USB drive.  This module has been successfully tested and integrated into the software except 

that the code to store the MIDI file onto the USB drive has not been completed. 
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ISR:  The menu polls flags to see if push buttons or the rpg was used.  The pushbuttons and the 

rpg have interrupts routed via the SRU so that when an interrupt is generated the DAI interrupt 

subroutine sets the corresponding flag.  This module has been successfully tested and integrated 

into our software. 

 
 
11 Version 2 Changes. 
 

If we were to develop a second version of the DSMRP, there are several changes and 

additions that would be made.  A very easy change would be to add the capability to compile 

multiple IMS files together to make one MIDI file.  This addition would probably make the 

device more appealing for musicians who play in bands and orchrestras.  We would find a better 

audio processor for playing the music.  The tech support for the processor was not very helpful, 

and lacked communication skills.  Along with the chip we would want to get a larger speaker and 

an amplifier so that a classroom could hear this device play music.  The image processing has a 

lot of room for improvement.  There are still several characters that are not recognized by the 

software.  The software is also not entirely reliable with what it does recognize.  A great feature 

would be to add a graphical LCD screen that would display the notes that the Optical Character 

Recognition (OCR) found on staves just like it was originally on the sheet music.  This way the 

user look through the image on the screen for missing and miss read notes.  There is a lot of 

room to expand on the USB driver.  One simple addition that would be nice would be if it 

supported FAT32 USB mass storage drives as well.  We are happy with where this device is at, 

but these additions would make this device much more marketable and exciting to us as well. 

 
 
12 Summary and Conclusions 
 

The group was able to achieve 4 of the 5 PSSCs that it had set. The DSMRP is able to 

receive user input through the use of a LCD screen, push buttons, and a rotary pulse generator. It 

is also able to act as a USB host by uploading files from a USB device and saving them to 

memory. The DMSRP is also ableto accept either .ims files or bit map files and convert an 

uploaded .ims file to a MIDI file or convert a bitmap file to an .ims file. The PSSC that was not 

achieved was the ability to play a MIDI file from the device. 
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 The group has learned about the MIDI standard and successfully utilized that knowledge to 

create software that converts an .ims file to a MIDI file. A firm understanding of the  USB 

protocol was essential in producing a device that acts as a USB host because the host must 

control all traffic on the USB network. As a result the software that was edited and created had to 

properly initialize packet transfers in order to read information from a mass storage device. 

When packets of data were finally sent, a FAT driver had to written specific to the processor 

used in order to move data from USB to memory and memory to the DSP for processing. The 

group performed a lot of research in the methods of OCR in order parse an image and extract 

meaningful musical data out of it. This project has allowed each and every member of the group 

to expand their knowledge above and beyond what has been taught in the classes at Purdue. 

Furthermore, the group can now see that Purdue has taught each member to grow and adapt to 

any project presented to engineer a design that works. 
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Appendix A:  Individual Contributions  
 
A.1 Contributions of Daryl Sielaff: 
 

Early in the semester we determined that my strengths were related to system design and 

developing concepts to resolve know or upcoming issues. I began by laying out the general 

architecture of our project and researching parts. I took a very aggressive approach to the design 

of our system and made it very specialized to our purpose. I placed the SHARC DSP at the core 

of the design and relied on the throughput of the 8-bit parallel bus for data access to the USB 

host and external SRAM. Because of the nature of the design it led to difficulties developing 

code towards the end of the semester; we ended up rewriting many device drivers for the USB 

host and the MIDI chip. 

As soon as I finalized my decision to use the ADSP-21262 from Analog Devices in late 

September, I requested samples of the SHARC processor, development boards and JTAG 

debuggers. Because of problems with Sales Channel Marketing staff being out-of-office, we 

didn’t receive any of these parts until the last week of October and first week of November. 

As I started designing the schematic I spent a majority of my time reading the datasheets for 

our parts so I would know exactly how they would interface together. In retrospect, our group 

should have had more than one team member involved in the design process from the start. I feel 

like we would have avoided several issues that arose in November and December. As soon as I 

finished the schematic I worked with Bill to design and inspect the PCB. I wasn’t familiar with 

the Layout program so before routing I helped layout a plan for routing the parallel bus and then 

I double checked the board before it was submitted. Inevitably there were still errors on the PCB 

that I found after the board was fabricated. 

 Once the development kit for the SHARC was delivered I started developing the 

interface for the LCD with Ben. I wrote some simple “print()” and “outchar()” functions that 

made the menu code much easier to write. After the LCD was working without a glitch I turned 

my attention to our PCB that had just arrived. I analyzed the board and added a few flywires 

around the power section due to faulty routing and missing vias. I continued to populate the 

board while testing the sections and developing high level functions for accessing the external 
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SRAM as well as writing low level functions for the MIDI middleware and USB drivers. I spent 

over a week attempting to get clear results from the MIDI chip and I was never confident that it 

was communicating with the SHARC successfully. I did get a series of tones from the speaker 

but it wasn’t the correct tones and it wouldn’t work every time. I decided to drop the MIDI for 

the time being and start work on the USB host. Bill had been researching the USB standard and 

FAT filesystem so initially we worked together then split apart. Bill continued his work on the 

FAT filesystem while I developed and debugged the driver code for the USB host. We had 

simple code that would initialize the USB drive and communicate with the setup endpoint on the 

device; from this point on I had to write functions from scratch to communicate with a Bulk-only 

endpoint on the USB drive as specified in the numerous USB standards documents. 

 

A.2 Contributions of Ben McQuiston: 
 

We decided early on that we were going to use MIDI as the audio portion of the project.  So 

right from the start of the semester, I began researching MIDI and looking for a MIDI processing 

audio chip.  This research led to my development of the IMS to MIDI converter.  The first 

version was a gcc compiled ansi C program that used file pointers to create actual MIDI files that 

could be played on a normal media player.  Later in the semester I converted this code so that it 

would write to the external SRAM of our project board.  Along with the converter, I had found 

an audio chip and got an evaluation board to start testing.  I spent quite awhile trying to test it 

before we got our SHARC development board and after. 

I was responsible for the packaging homework, which entailed me learning to use autocad in 

order to generate some designs for potential package ideas.  I also was responsible for the 

reliability analysis homework.  At around the same time, I worked with Dave to try to get a feel 

for the overall flow of the project software.  After the initial MIDI conversion and homework’s 

were finished, I moved on to the development of the menu.   

In order to have a menu that could be tested and viewed, we needed a working LCD, a RPG, 

and push buttons.  Once we finally got our development board, I worked on setting up the push 

buttons and RPG so that they would trigger interrupts when pressed or rotated.  Typically menus 

and pushbuttons are trivial; however with the SHARC it was a bit more complicated because of 

the SRU.  Dave and I spent awhile figuring out how to route pins using the SRU and how we 

could use DAI pins as interrupts.  When we finally had pushbuttons and a working RPG, we had 
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figured out the SRU and how to use interrupts on top of the intended goal of being able to test 

the menu.  Daryl and I also spent some time getting the LCD to work via the SPI.  Once all of 

this was set up, I worked on getting a menu with options and sub-menus.  Once I had the menu 

done, I started handling the integration of the various code that we had for the various functions 

of the project. 

With the menu completed, I began developing code that would connect the IMS to MIDI 

converter to whatever data Dave was creating using the image processing.  Dave and I came up 

with a method for passing the music image data and so I wrote an IMS build function that found 

the MIDI number for a given position on the staff and wrote it and the length of the note to the 

IMS file.  Similar to the IMS to MIDI converter I tested this using ansi c on a gcc complier and 

then converted it into a version for the SHARC.  With all of IMS and MIDI functions, I had all 

the code that would move the image data all the way to a MIDI file.  I set it up so that Dave had 

to call the IMS build function on each note and it would build an IMS file.  Then once an IMS 

file was made, the IMS to MIDI code could be called.  

After this I helped Will with the code for the FAT file system.  We found some code and just 

had to modify a few functions on the lowest level, and once Daryl got communication with the 

USB we spent some time debugging so that we could read and write with the FAT system.  This 

allowed for the IMS and MIDI code to be run on the SHARC by simply writing from the 

external memory to the USB drive. 

 
A.3 Contributions of William McKenna: 
 
 During the first half of the semester my role on the team was to create the PCB for our 

device. I began by familiarizing myself with Orcad Layout PCB software and aided in 

component selection. As components were selected, I looked up PCB footprints in Orcad’s 

library. All of the discrete components and a few of the larger components had standard 

footprints, but I created about 70 % of the large component footprints based on descriptions in 

data sheets. I did a preliminary layout, and then two versions of the PCB. The first version only 

got to about 80% completion when I realized that there was no easy way to lay out the PCB 

without creating timing issues for the memory and USB modules of the device. At that point 

Daryl and I talked and he created a new schematic with new pin outs. I created a new PCB and 

did not see any areas where timing was going to be an issue. I submitted the PCB for design 
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review multiple times and changed it to eliminate errors. Daryl also aided me in this process by 

finding errors that were not found in the error finding software. 

 During the first half of the semester I was also assigned the task of doing the Patent 

Liability Analysis Homework and PCB Design Narrative. While doing the Patent Liability 

Analysis I was able to find information about Optical Music Recognition and passed that 

information on to David for use in the writing of the DSP software.  

 After submission of the PCB, I was given the task of researching the USB protocol 

and FAT file system. During this time I obtained intimate knowledge of both subjects. I was able 

to find drivers for the SL811HS USB host chip used on our device and edited it’s functionality to 

work with our microprocessor. I then passed the project on to Daryl and educated him on USB. 

My next focus was the FAT file system. I began by writing functions in an attempt to code my 

own FAT driver. This was because I could not find a FAT driver that was written outside of 

Linux. Daryl was able to find some software for me and I began breaking it down into parts and 

understanding its operation. Ben was moved onto the project a short time after and I educated 

him on the FAT system. We tested the program together and worked on acquiring confirming the 

information that was returned from the USB was correct. Given that he had more experience 

programming the processor and I had more experience with the FAT and time was at a premium, 

he wrote functions for the driver to interface to our microcontroller, while I did testing of the 

FAT to locate problems and possible fixes.  

 Finally, I worked on documentation by writing the Product Description of the User 

Manual, editing my homework for the Final Report, and writing the 2 page senior design 

semester report. I also aided in packaging with the proposal and purchasing of the materials to 

cover our box. 

 

A.4 Contributions of David Hartman: 
 

This project stemmed from my interest in image processing, so my main contribution 

was creating the software for the Optical Character Recognition (OCR) for the images of sheet 

music.  At the beginning of the year I helped research what design constraints the image 

processing would put on our project.  I was responsible for the Software Design Narrative, in 

which I developed the flowchart and code module hierarchy for the overall design of the device.  
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I worked closely with Ben on this, which was important in determining how the image 

processing would interface with the LCD menu and the conversion to MIDI music files. 

 I was able to start on developing the image processing software right at the beginning 

of the semester with Matlab.  I had taken EE 438, digital signal processing, but the class only 

gave me the basis for what I did.  A lot of research and trial and error helped me to develop this 

software completely from scratch.  I created a histogram function that makes a histogram of any 

section of the sheet music.  I use the histogram function to make a histogram of the entire page of 

sheet music to find the staves, to make histograms of all the staves to find the notes, and to make 

histograms of all the notes to analyze them.  I found this method of OCR called segmentation the 

most effective out of all the different methods I researched and tried. 

I created a note finder and a note analyzer function, which both call the histogram 

function.  I made the software find all of the staff lines so that the note analyzer function can 

determine where the note is in relation to the staff lines.  I also made the note analyzer function 

look for if the note has a stem and if the circle of the note is filled in or is hollow to determine 

the length of the note.  I interfaced the image processing to the Ben’s code that develops the 

MIDI file by returning numeric values to represent each note. 

 Once I completed developing the software in Matlab, I had to convert it into C to run 

on our microprocessor.  This required that the code would work with the 32-bit architecture of 

the microprocessor.  The software also needed to leave all large arrays on the external memory, 

and I could not take up too much space with lots of extra variables. 

 Outside of work on the image processing code, I made contributions with a few other 

software applications.  I worked with Ben to develop the DAI interrupts, which the pushbuttons 

and rpg are routed to.  Ben and I also developed the software for interpreting the signals from the 

rpg.  The USB needs delays of a given time period, so I set up the timer interrupt subroutine and 

a function that Will could adapt into the USB code as a delay function. 

 The program code is stored on an external SPI flash chip, and I researched and learned 

how to adapt some software to our device to program our code to the flash.  Our code takes up so 

much space that I had to make the flash programmer software store our code on the external 

memory, then bring it onto the microprocessor, and then program it onto the flash. 
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Appendix C:  Schematic  

Title

Size Document Number Rev

Date: Sheet of

ECE477 - Group 4 2

Digital Sheet Music Reader & Play er

1 1Thursday , October 19, 2006

USB /RST

/RD
/WR

C13

10uF

Q1
BSS123/SOT

C14
22uF

C15
10uF

R17 1Meg

Q2
BSS123/SOT

/WR
/RD

VDD

IN2 OUT 4

SHD
1

BIAS
5

U20

LP3891/TO220-5

R31 10K

C9

4.7uF

VDDINT

5.0VDD

5.0VDD

AUDIO /RST

5.0VDD

C26

4.7uF

2
4
6
8

10
12
14

1
3
5
7
9
11
13

J2

JTAG HEADER 7X2

5.0VDD

R32 10K

VDDEXT

CLKCFG0
2

CLKCFG13

XTAL
143

CLKIN
142

CLKOUT134

ALE 40

BOOTCFG04

BOOTCFG1
5

SPICLK125

RESET121

SPIDS
122

MOSI
127 MISO
126

TDI
137TRST
138TCK 139TMS 140

RD
39

WR
35

EMU
135

TDO 136

AD0
34

AD1
33

AD2
30

AD3 29

AD4 26

AD5
25

AD6
24

AD7 17

AD8 52

AD9
51

AD10
50

AD11 49

AD12 46

AD13
43

AD14
42

AD15 41

DAI_P1(SD0A)
53

DAI_P2(SD0B)
56

DAI_P3(SCLK0)
57

DAI_P4(SFS0)62

DAI_P5(SD1A)63

DAI_P6(SD1B)
64

DAI_P7(SCLK1)
65

DAI_P8(SFS1)70

DAI_P9(SD2A)71

DAI_P10(SD2B)
77

DAI_P11(SD3A)
78

DAI_P12(SD3B)79

DAI_P13(SCLK23)80

DAI_P14(SFS23)
81

DAI_P15(SD4A)
82

DAI_P16(SD4B)86

DAI_P17(SD5A)87

DAI_P18(SD5B)
88

DAI_P19(SCLK45)
89

DAI_P20(SFS45)94

FLAG0
15

FLAG1
16

FLAG2 97

FLAG3 98

U1

ADSP-21262

R38
15K

1
2
3

J6
RPG HEADER

R39
15K

VDDINT

C30

.1uF

SW3

C31

.1uF

R41
10K

IN
1

OUT
3

U18

LM2940/TO220

R40
10K

Y3

12 MHz

VDD

VDD

C32

.1uF

R20
10K

C17

18pF

R42
10K

R21
10K

AUDIO /RST

C33

10nF

C18

18pF

VDD

/RD

VDDEXT

R43
10K

IN1 OUT 3

U19

LMS1585A/TO220

VDD

+9V

5.0VDD

C34

.1uF

AD2
AD1
AD0

AD7
AD6
AD5
AD4
AD3

VDD

R44
10K

/WR

C35

.1uF

L2

BLM31PG-1206

VDD

AD1
AD0

AD4
AD3
AD2

AD6
AD5

AD7

A_VDD

C25

.1uF

C36

.1uF

5.0VDD

C27
10uF

R5

4.7K

C37

10nF

LS1

SPEAKER

AD9
AD8

AD12
AD11
AD10

AD15
AD14
AD13

C28
.1uF

I0
4

I1
5

I26
CS1

12

CS2
13

CS3 14

RD
2

WR
3

U15

16V8

SW1

R36 24

C38

.1uF

A0
11

A1
10

A2
9

A38

A47

A5
48

A6
47

A746

A845 A9
44

A1038 A1137 A12
36 A13
35 A1434

A1521

A16
20

A17
19

A1818

A1917

A20
39

I/O0 22I/O1
24I/O2
31I/O3 33

I/O4 49

I/O5
51

I/O6
4

I/O7 6

CE1
13CE2
16

WE 15

OE
42

DNU
40

U16

C
Y

7C
10

69
AV

33

CS2
CS3

SW2

/RD
/WR

R37 24

C39

.1uF

O0
2

O1
3

O2 5

O3 6

O4
8

O5
9

O6
11

O7 12

O8 13

O9
14

O10
16

O11 17

O12 19

O13
20

O14
22

O15 23

I0
47

I1
46

I244

I343

I4
41

I5
40

I6
38

I737

I836

I9
35

I10
33

I1132

I1230

I13
29

I14
27

I1526

OE1
1

OE2 24LE1
48

LE225

U17

74VCXH16373

1

2
3

J5

HEADPHONEJACK STEREO

R27
10K

VDDINT

R28
10K

C40

10nF

L1

BLM18AG-0603

C29
10uF Tant

AVDD

C41

10nF

R29

4.7K

AUDIO_CLK

C19

100nF

R30 10K

C20

10nF

R11

1M R12
100

C5

22pF

C16

22pF

Y2

12 MHz

/WR

D0
18

D119

D220

D3
21

D4
23

D5
24

D625

D7
26

RD
4

WR
5

CS6

DACK
2

DRQ 3

A01

DATA+
9DATA-
10

CLK/X1
13X2
14

RST
15

M/S
27

INTRQ
16

CM 7

U14

SL811HS

VDD

1
2
3
4

J3

U
S

B
 C

on
ne

ct
or

CS2

C21

1nF

C12

.47uF

/RD

11x17

VDD

1
2
3
4

J4

LCD HEADER

C3 2.2 nF

C4
.22 nF

R6
91K

R7 51K

R8 3.3K

D027

D1
26

D2
25

D324

D423

D5
22

D6
21

D720

WR
28 RD31

CS
29

A030

EQ1 12

EQ2 13

EQ3
14

LED 2

MTR
19

IRQ
3

RST4

TEST5

CLKI 1

PLLC
6

VREF
9

HPOUT-L
10

HPOUT-R
11

SPOUT1 17

SPOUT2
18

U6

W56964

C6 .1uF

AD2
AD1
AD0

USB /RST

C7 1uF

AD5
AD4
AD3

AD7
AD6

VDD

C8

.1uF

CS3

C23

.1uF

C22

.1uF

VDD

VDD

R22
10K

AUDIO_CLK

R33 10K

  
C.1- Schematic for the Digi-Sheet Music Reader and Player 
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Appendix E:  Parts List Spreadsheet 
Bill Of Materials       December 10,2006      14:17:47 Page1

Item Reference Quantity Part
______________________________________________

1 C3 1 2.2 nF
2 C4 1 .22 nF
3 C5,C16 2 22pF
4 C6,C8,C19,C22,C23,C25,C28, 16 .1uF

C30,C31,C32,C34,C35,C36,
C38,C39,C43,C44

5 C7 1 1uF
6 C9,C26 2 4.7uF
7 C12 1 .47uF
8 C13,C15,C27 3 10uF
9 C14,C42 2 22uF

10 C17,C18 2 18pF
12 C20,C33,C37,C40,C41 5 10nF
13 C21 1 1nF
14 C29 1 10uF Tant

J1 1 3 Pin KK156 Power Connector
15 J2 1 JTAG HEADER 7X2 KK100
16 J3 1 USB Connector
17 J4 1 5 Pin KK100 LCD HEADER
18 J5 1 HEADPHONEJACK STEREO
19 J6 1 3 Pin KK100 RPG HEADER
21 L1 1 BLM18AG-0603
22 L2 1 BLM31PG-1206
23 R5,R29,R45,R46 4 4.7KΩ
24 R6 1 91KΩ
25 R7 1 51KΩ
26 R8 1 3.3KΩ
27 R11,R17 1 1MΩ
28 R12 1 100Ω
30 R20,R21,R22,R30,R31,R32, 12 10KΩ

R33,R40,R41,R42,R43,R44
31 R36,R37 2 24Ω
32 R38,R39 2 15KΩ
33 SW1,SW2,SW3 3 SW PUSHBUTTON
34 U1 1 ADSP-21262 - 32-bit DSP SHARC
35 U6 1 W56964 - 64-Note Polyphonic Ringtone Chip
36 U14 1 SL811HS - USB Host Controller
37 U15 1 16V8
38 U16 1 CY7C1069AV33 - 2MB Static RAM
39 U17 1 74VCXH16373 - 16-bit D-type Latch
40 U18 1 LM2940/TO220 - 5V LDO Regulator
41 U19 1 LMS1585A/TO220 - 3.3V LDO Regulator
42 U20 1 LP3891/TO220-5 - 1.2V LDO Regulator
43 U21 1 AT25F4096 - 4Mb SPI Flash
44 Y2,Y3 2 12 MHz Crystal
45 1 CrystalFontz LCD


