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[bookmark: h.r1impixkvf7o][bookmark: _Toc349636547][bookmark: _Toc350177026]1.0  Introduction
[bookmark: h.ch41yyycixph][bookmark: _Toc349636548][bookmark: _Toc350177027]1.1  Statement of Purpose
Printing costs for a large marching band get out of control, and managing a large repertoire of sheet music can be difficult for a performer in a marching band setting.  An e-reader suited for the marching band would tackle both of these problems; no printing and the ability to easily and quickly manage a large amount of music.  Also, it can be hard to hear a conductor’s commands during a loud sporting event.  Commands to turn to a specific page, or to play louder or softer can often be difficult to audibly convey, and would be easier to interpret if they were visual.  These functions can be implemented into the device, making it more than just an e-reader and more of a complete e-music-performance system.
[bookmark: h.58p2rr2kagu4][bookmark: _Toc349636549][bookmark: _Toc350177028]1.2  Goals
· Make a cheap, light, yet durable e-reader to display music to performers
· Re-writable memory so music can be erased and updated
· Give conductor the ability to communicate with performers by text, and automatically turn all performers’ e-readers to the same page
[bookmark: h.u5flzjrn2eac][bookmark: _Toc349636550][bookmark: _Toc350177029]1.3  Functions
· TFT screen displays electronic sheet music
· MicroSD card memory to store electronic music files
· Wireless remote to allow conductor to transmit information to performers
· Interface with computer which allows wireless remote to transmit new music from computer to performers
· Push-button interface for page turning in-performance
· Battery powered
[bookmark: h.f0l3ba4e4xhj][bookmark: _Toc349636551][bookmark: _Toc350177030]1.4  Benefits:
· Easily manage large music repertoires; add and delete songs whenever
· Specialized to reduce unit price; and will save greatly on printing over time
· Pushing a button is easier and quicker than physically turning a page
· Visual signals are easier to recognize than audible signals in loud environments

[bookmark: h.n396xnkb3c9o][bookmark: _Toc349636552][bookmark: _Toc350177031]1.5  Features:
· Sunlight readable display
· Central transmitter can send text messages to readers’ screens
· Central transmitter can control individual units and turn them to the same page
· Metronome built into device
[bookmark: h.x68d6h54560l][bookmark: _Toc349636553][bookmark: _Toc350177032]2.0  Design
[bookmark: h.pr6otv38k9ks][bookmark: _Toc349636554][bookmark: _Toc350177033]2.1 Top Level Block Diagram for Reader Unit
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[bookmark: h.8qv8byz7yxeu][bookmark: _Toc349636555][bookmark: _Toc350177034]2.2 Block Descriptions
Power supply: The power supply block supplies all the other blocks (except the transmitter) with a constant voltage. These interconnections are omitted in the block diagram for neatness.  The block simply consists of 4 1.5 V AA rechargeable batteries, a TI LM1117IDT voltage regulator, and a STOD1317B DC boost converter.  The batteries will be held in a AA battery holder which connects them in series and provides an on/off switch.  When connected in parallel to the batteries, the voltage regulator will output a constant voltage of 3.3 V.  All the components used in this design run on 3.3 V (except the TFT display backlight) so the output of the voltage regulator will be tied to all the Vcc pins of all components except the backlight.  The backlight will be powered by the output of the boost converter.  The maximum current drawn will not exceed the 1500 mA maximum rated current of the regulator, as shown below in calculations.

	Component
	Typical Current
	Maximum Current

	Display
	360 mA
	460 mA

	Receiver
	50 mA
	50 mA

	Memory
	30 mA
	30 mA

	PSoC
	3 mA
	5 mA

	User input and LEDs
	20 mA
	40 mA

	Total
	463 mA
	585 mA



Note that components such as the receiver and the user input will not be in constant use during typical operation.  Thus, this is a very high estimate of current drawn.  However, even under this estimate, 4 typical AA batteries (Energizer NH15) will be able to power the device for 5 hours under typical current draw conditions, without depleting the cell voltage to less than 1.2 V per battery (4.8 V total).  This is equal to the lower limit of the optimal input range of the voltage regulator.  Therefore, the device should operate in the optimal range for at least 5 hours, if not longer.  The discharge curve for one battery is shown below.
[image: ]
PSoC: The microprocessor we will use in our device is a Cypress PSoC 5LP family device.  The PSoC code can be developed with the PSoC 5LP development board and PSoC Creator software. The PSoC performs many essential functions, such as providing the clocking signals for the display and the memory, and holding an image buffer for the image currently displayed on screen in its 256 KB in-built flash memory.  There is enough memory to hold 2 800 x 480 pixel bitmap images in 2-bit grayscale (4 shades of gray), as shown in the calculation below.
800 * 480 / (1024*8) * 2 = 93.75 KB per image = 187.5 KB total
PSoC Block diagram:
[image: ]
a. CPU: The CPU manages the menu system, communicates with the SPI master for the SD card through the SD protocol, and handles interrupts from the communication system.  The emFile FAT filesystem library, provided by SEGGER Microcontroller, manages the layout on the SD card.
b. VGA controller: Implemented as a UDB component on the PSoC, reads data buffered in the memory through DMA, and sends it to the TFT through the WVGA interface
c. Metronome clock: A UDB component on the PSoC is configured by API calls.  Short ticks are sent from the clock to the LED driver circuitry.
d. SPI Master:  Relays the SD card protocol to the SD card over the SPI protocol; this is a component in the emFile system.
e. UART: Interprets and buffers received RS-232 data from the Xbee transceiver and interrupts the processor when data is received.
SD Memory:  The music files for the device to will be stored in a MicroSD card, held in a simple Molex 47219-2001 MicroSD Card Reader.  This will allow for easy loading of music files via a computer.  The MicroSD card will be 4GB, so there is sufficient space to store hundreds of pages of music, even in uncompressed image file formats.  Thus, music files will be stored on the card in simple 2-bit grayscale (4 shades of gray) bitmap file format to make display of the image easier.  The quality of the 2-bit grayscale image was sufficient enough to make scanned images readable; while pure black and white images displayed in reduced quality.
The MicroSD card will be interfaced with the PSoC using an SPI interface system.  The PSoC simply provides a Chip Enable signal, a clock, and a serial data in signal, and the memory unit will output a single data out signal back to the PSoC.  The MicroSD card will be formatted using the FAT file system.  All signals to and from the PSoC will be sent via GPIO pins.  
Display: The display we chose is a Hantronix HDA700L-2S display.  The display is a 7.0” TFT color display and has 800 x 480 pixel resolution.  The size was chosen such that six to seven lines of music can be easily read by the performer, similar to a conventional flipfolder.  The vertical resolution is necessary to adequately resolve the shapes and positions of musical notes (60-70 pixels per line).  This display was chosen because it was the most economical display at this size and resolution, and because the display screen has an anti-glare coating to enhance sunlight readability.  Monochrome displays on the market were too small or had inadequate resolution.  
This display has a 18 bit RGB VGA interface, but many of the RGB pins can be tied together since we only need 4 shades of gray as colors.  Thus, the only inputs to the display unit will be the two bit data output, a 30 MHz pixel clock, and a data enable signal which signifies the end of rows and frames. These inputs are sent from the PSoC via a 40 pin LVDS connector.  In addition, the TFT display has a backlight LED system to further enhance readability.  This LED system requires a 10 V DC input, which is obtained by using a boost converter in the power supply system. 
Receiver: The receiver unit consists of a Xbee 802.15.4 Transceiver that receives transmissions from the central transmitter.  The receiver has a range of 300 feet outdoors.  It transmits at 2.4 GHz and at a data rate of 250 kbps.  The receiver will be operating in transparent mode.  The transmitter works with the UART serial protocol.  The DMA capabilities of the PSoC allow data to be taken into the microprocessor one byte at a time.  Special key bytes will signal the microprocessor to read from memory, write to memory, or display received text to the screen.  The microprocessor can also be signaled to enable the metronome at a given rate.
User Input:  The user input system will consist of 6 simple tactile switches wired to GPIO pins of the microprocessor. These buttons will give the user the ability to turn to the next page of music or the previous page, set the metronome, and navigate music management menus.
LED Metronome:  The metronome will be an LED driven from a PSoC SIO pin through a sink configuration.  The SIO pin can handle 25 mA of sink current, which is more than enough to illuminate an LED.  Resistors (~60 Ohms) will be put in series with the LED to ensure that the current does not exceed 25 mA.  The  SIO pin will be controlled via a PWM programmed into the PSoC through use of PSoC creator software.  The frequency of the metronome can be controlled through the use of the user input pushbuttons.
Central controller: The central controller will be an 802.15.4 transceiver configured to receive commands from a fully featured laptop via a FTDI cable and a 6 pin header wired to the transceiver.  The controller can issue broadcast commands to multiple devices.  These commands can send messages, transfer new music, and change the page displayed on the device.  The flexibility of the PC system will let this controller be a highly configurable device.

[bookmark: _Toc350177035]2.3  Schematics


Power Supply
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PSoC
[image: ]
· Cypress Part # CY8C5868AXI-LP032
· VDDD = VDDA = 3.3 V Input
· VSSA = VSSD = GND
· Metronome run by PWM output to an SIO Pin (Pins 4, 5, 29, 30, 53, 54, 67, 68)
· All other IO conducted with GPIO pins (any Pin labelled P that is not an SIO pin)
· GPIO Inputs: DATA_R (data read from SD), DATA_REC (data received by Xbee), SWITCH[5..0] (tactile switch input)
· GPIO Outputs:  PIXEL_CLK, DE_DISP, GRAY1, GRAY0 to display;  CS’, DATA_W, MEM_CLK to SD Memory

Metronome
[image: ]
Display
[image: ]
SD Memory
[image: ]
Receiver Module
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Transmitter-PC Hardware Interface
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[bookmark: _Toc350177036]2.4  Software flowcharts

UART Interrupt flowchart
[image: ]
Menu navigation flowchart
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Menu execution flowchart
[image: ]
Music display flowchart
[image: ]


Filesystem Structure
[image: ]
· index: stores a map between the 8.3 filenames and the music’s listed name
· music1: contains all pages associated with the menu selection
· cues: contains a list of coordinates for the director-triggered boxes overlaid on the image
· pagex.bmp: 2-bit grayscale bitmap containing the visual data of the music itself
[bookmark: h.gx5u1w1897p0][bookmark: _Toc349636556][bookmark: _Toc350177037]3.0  Requirements and Verifications
[bookmark: h.vbbs45c506fz][bookmark: _Toc349636557][bookmark: _Toc350177038]3.1  Requirements and Verifications Table

	Requirement
	Description
	Verification

	PS 1
	Power Supply turns on, delivers 3.1 to 3.5 V to all components for 5 hours
	Device is turned on, all components to full power. Dummy harness sends periodic commands to display and transciever, preventing any component from enabling a low-power mode. Voltage is periodically checked on all power supply pins to ensure the power is within tolerance.

	FAT 1
	Processor can read information from the SD card.
	MicroSD card is written from a PC with a FAT filesystem containing several files indicating GPIO pins to set high. Microprocessor is programmed with the filesystem component and a main program that uses the filesystem to access the files and raise the appropriate debug pin.

	FAT 2
	Processor can write information to the SD card
	MicroSD card is formatted with a blank FAT filesystem on a PC. Microprocessor is programmed with the filesystem component and a main program that uses the filesystem to write sample file to the SD card. The SD card is read by the PC to ensure the data is correctly written.

	FAT 3
	Filesystem is interrupt safe
	In addition to FAT 1 and FAT 2, microprocessor is configured to receive frequent timer interrupts

	COMM 1
	Microcontroller correctly receives packet from main controller at 300’
	Central communicator is placed appropriate distance away from the device. A command is sent from central communicator to the microcontroller, which is interpreted to raise the appropriate debug pin.

	CPU 1
	Image loads into correct areas of video memory
	PSoC is programmed with dummy VGA controller that merely outputs the grayscale values without regard for VGA timing. CPU is instructed to display sample images consisting of a short, repeating pattern. Output is inspected on oscilloscope to ensure it matches the expected pattern.

	CPU 2
	Menu system allows the selection of music
	PSoC is programmed with dummy filesystem which raises debug pins when non-existent file is accessed. Device is booted, and menu is navigated according to the menu flowchart. Debug pins are monitored to check if the software is properly accessing the index and the files.

	CPU 3
	Menu system allows the control of metronome speed
	PSoC is programmed to output metronome speed to the debug pins. Device is booted, and menu is navigated according to the menu flowchart. Debug pins are monitored to ensure the speed is increasing or decreasing.

	CPU 4
	Cues and text correctly overlay over image
	Memory is loaded with test image, and several precalculated cue and text drawing commands are executed on top of it. Memory is compared to the expected result of the image plus the drawn figures.

	VGA 1
	VGA outputs 1 pixel per pixel stored in memory
	Alternating white and black pattern is loaded into the display memory. Oscilloscope is used to ensure that the signal changes from white to black on the appropriate clock edges.

	VGA 2
	VGA line timing is appropriately synced to device
	VGA controller input is set to an image consisting of alternating white and black lines, and vertical lines down the sides. Display is checked to ensure white and black lines spread entirely across the width of the display, and vertical lines are exactly on the sides of the display

	VGA 3
	VGA is correctly vertically synced to device
	VGA controller input is set to a vertical line down the middle of the display, and horizontal lines on the very top and bottom. Display is checked to ensure line is completely vertical, and the horizontal lines are exactly on the top and bottom of the display.

	MET1
	Metronome ticks at correctly configured speed
	Metronome is preprogrammed at different speed levels, ranging from 30 bpm to 250 bpm. Output is routed to counter on PSoC, which is checked after 5 minutes to ensure that the metronome stayed within 1% of the configured speed.


[bookmark: _Toc350177039]3.2  Tolerance Analysis
An important part of our design is the power supply, which must supply 3.3 V to all components (except the backlight).  The datasheets for the other modules, such as the display, receiver, and the memory, specify that any voltage in the range of 3.1 to 3.5 Volts is acceptable. The datasheet for the voltage regulator states that the voltage should remain between 3.235 and 3.365 Volts as long as the current through the regulator stays below 800 mA and the input voltage is at least 4.75 V.  As shown in section 2.2, the current drawn by the device will remain well below 800 mA, and the voltage output of the four 1.5 V batteries should remain above 1.2 V for our expected lifetime of 5 hours. Thus, the voltage input into our devices should remain well within their tolerances.
Another important part of the design is the communications system, which must be accurate at long distances.  In a marching band type setting, the director is usually positioned at midfield on one sideline of a football field.  In theory, the longest distance that a transmission needs to travel is from that point on the sideline to one of the corners of the field, a distance of about 80 yards.  The central transmitter has an outdoor range of one mile, so it is almost certain that the transmission should reach any receiver within 80 yards.  However, this can easily be tested by having one person transmit a message, while someone else standing some distance receives it.  The receiver can walk further and further away until the range of the device is quantitatively determined, or declared to be sufficiently greater than 80 yards.  In this simple manner, the range of the transmitter can be determined while both the transmitter and receiver are operating in transparent mode.  
[bookmark: _Toc350177040]3.3  Ethical Issues
Our project involves no significant safety risk to the end user, as the device is merely an e-reader, and operates on a low-voltage power supply.  Care must be taken to ensure the case around the device is devoid of sharp edges or other hazards that could injure a musician during a performance, but otherwise no physical harm is likely to come to the user.  The larger ethical concern is embodied in Part 7 of the IEEE code of Ethics, which states we must “seek, accept, and offer honest criticism of technical work, to acknowledge and correct errors, and to credit properly the contributions of others”.  This means we will credit anyone whose ideas we may use (i.e. driving a VGA display with a PSoC) in our references.  
Also, in accordance with Part 7, we will make sure to properly credit the property of music composers.  In general, when bands or other ensembles purchase music electronically, they have rights to distribute music files freely so long as they do not leave the band.  Thus, if the ensemble director purchases a music file he may send it out to all the performers, so long as he sends it to no one else.  If we warn performers about the legal consequences of redistribution of music to outsiders and placing illegally obtained music on the device, we will be able to curtail the spread of illegal music onto our devices.
[bookmark: h.in2hhd7jya9][bookmark: _Toc349636558][bookmark: _Toc350177041]4.0  Cost and Schedule
[bookmark: h.5g5gcre6gy6a][bookmark: _Toc349636559][bookmark: _Toc350177042]4.1  Cost Analysis
Reader
	Part
	Quantity
	Cost per Unit
	Total

	AA Rechargeable Batteries 4-Pack NH15BP-4
	1
	$9.99
	$9.99

	AA Battery Holder
	1
	$2.19
	$2.19

	LM1117IDT-3.3
Voltage Regulator
	1
	$1.06
	$1.06

	HDA700L-2S
TFT Display
	1
	$55.07
	$55.07

	Cypress 5LP PSoC
CY8C5868AXI-LP032
	1
	$12.50
	$12.50

	Xbee Transceiver XB24-AWI-001
	1
	$19.00
	$19.00

	Molex SD Card Reader 47219-2001
	1
	$0.98
	$0.98

	4 GB SD Card
	1
	$5.45
	$5.45

	Tactile Switches TE1825910-7
	6
	$0.10
	$0.60

	LED
	1
	$0.15
	$0.15

	STOD1317B Boost Converter
	1
	$2.88
	$2.88

	Resistors, Capacitors, and Inductors
	-
	$3.00
	$3.00


Total: $112.87 per reader
Transmitter
	Part
	Quantity
	Cost per Unit
	Total

	Xbee Pro Transceiver XBP24-AWI-001
	1
	$32.00
	$32.00

	FTDI Cable
	1
	$20.00
	$20.00

	LM1117IDT-3.3 Voltage Regulator
	1
	$1.06
	$1.06

	Resistors, Capacitors, and Inductors
	-
	$1.00
	$1.00


Total: $54.06 per Transmitter
Labor
	Engineer
	Rate
	Hours
	Total = Rate * Hours * 2.5x multiplier

	Hans Banerjee
	$35/hr
	150
	$13125

	William Karcher
	$35/hr
	150
	$13125


Total: $26250 in Labor
[bookmark: h.97gqoow1gz6y][bookmark: _Toc349636560]Grand Total: $26,416.93 for 1 reader and 1 transmitter
[bookmark: h.nnsvzifdhp20][bookmark: _Toc349636561][bookmark: _Toc350177043]4.2  Schedule

	Week
	William Karcher Tasks
	Hans Banerjee Tasks

	2/3
	Finish Proposal
Research Power Supply
Research Receiver
	Finish Proposal
Research Microcontroller
Research Memory

	2/10
	Design Power Supply
Design/Set up Receiver 
	Order Parts
Microcontroller Configuration

	2/17
	Controller Device Software
Prepare for Design Review
	Reader Device Software
Prepare for Design Review

	2/24
	Design Review
Familiarize with PSoC Creator Software
	Design Review
Make hardware DevBoard compatible

	3/3
	Program PSoC using Dev Kit
	Design PCB on Eagle

	3/10
	Display system development
Individual Progress Report
	Build and Assemble PCB
Individual Progress Report

	3/17
	Spring Break
Continue display system
	Spring Break
PCB Corrections and Improvements

	3/24
	Storage and communication system development
	Power system test for voltage and battery life

	3/31
	Continue communication system
Base CPU Test
	Test display for music readability and adequate backlighting

	4/7
	Filesystem Test
Spring Game Test 4/12
	Test User Input
Spring Game Test 4/12

	4/14
	Continue fixing failed tests
Central controller
	Test Communications
Accommodate feedback from tests

	4/21
	Prepare for Demo
	Prepare for Demo

	4/28
	Prepare for Presentation
	Prepare for Presentation
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