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Evaluation:

	SCORE
	DESCRIPTION

	10
	Excellent – among the best papers submitted for this assignment. Very few corrections needed for version submitted in Final Report.

	9
	Very good – all requirements aptly met. Minor additions/corrections needed for version submitted in Final Report.

	8
	Good – all requirements considered and addressed.  Several noteworthy additions/corrections needed for version submitted in Final Report.

	7
	Average – all requirements basically met, but some revisions in content should be made for the version submitted in the Final Report.

	6
	Marginal – all requirements met at a nominal level.  Significant revisions in content should be made for the version submitted in the Final Report.

	*
	Below the passing threshold – major revisions required to meet report requirements at a nominal level.  Revise and resubmit.


* Resubmissions are due within one week of the date of return, and will be awarded a score of “6” provided all report requirements have been met at a nominal level.
Comments:

Comments from the grader will be inserted here.
1.0 Introduction

The Hooked on Harmonix system is a learning tool intended to teach the user how to play the keyboard. The system will include a processing unit which interfaces with a MIDI keyboard, a VGA-compatible computer monitor, and speakers. The user will choose a song that he would like to learn from a list of available songs. The song will then be played through the system speakers and upcoming notes for the user to play will be indicated on the screen. The system will interpret MIDI input from the keyboard and provide dynamic feedback to the user regarding his performance. The functionality of the system will require the processing unit to interpret input from the keyboard, analyze and critique the user’s performance as the user plays, send audio data to the speakers, and send graphic display data in VGA format to the monitor.
2.0 Design Constraint Analysis

The challenge of managing MIDI input, performance analysis calculations, dynamic audio output, and VGA-compatible video output imposes considerable constraints on the processing unit. The VGA monitor requires a sufficient stream of RGB data in order to update the entire display sixty times every second. Audio is played from a file stored in the system and sound alerts are added as part of real-time performance feedback. Meanwhile, the processor must perform calculations on the data it receives from the MIDI keyboard in order to critique the user’s performance. Processing all of this on a single chip would create a variety of timing hazards. Finding ways to “outsource” some of the work to other chips became a major design consideration for this system. If the micro-processor’s work load can be reduced and extra memory can be interfaced as needed, the remaining design constraints are clock speed and availability of development tools.

2.1 Computation Requirements

The system will have to perform many computations simultaneously in order to keep up with the user as he plays a song. Data from the MIDI keyboard has to be collected, analyzed, and compared to expected values. Data collection will require the system to read in a serial signal and correctly interpret it as note length, pitch, and volume information. Based on a comparison between user input and expected note values, the video and audio output signals have to be modified to provide feedback as the user plays the song. Song data (stored in MIDI format) has to be read from memory and output to the speakers, most likely by using a PWM module. If a USB device is used, the system will have to read song data (in MIDI format) from the USB drive and store it in the system’s memory. Song data also has to be used to update the video display so it shows the upcoming notes, and note information from the song file has to be loaded as the “expected value” to compare to the notes currently being played by the user. The entire array of RGB information has to be sent to the computer monitor sixty times per second, which requires a large amount of buffering and some logic to determine which pixels are changing. The processor will also perform and analog-to-digital conversion on the signals from two potentiometers in order to set the volume and tempo of the song being played. Although the microprocessor will manage the overall operation of the system, the tasks mentioned herein may be shared by devices interfaced to the microprocessor such as an FPGA and DAC. 
2.2 Interface Requirements

General-purpose I/O pins will be used to interface with input devices, output devices, and external memory. The micro-processor must be capable of tracking the notes that the user is playing on the MIDI keyboard. Data from the MIDI keyboard will require five pins. Because the MIDI interface is a 5 mA current loop, one pin will source 5 mA and another pin will sink 5 mA. The system will also allow songs to be loaded from a USB memory device. Two pins will be required for input from the USB receiver. The microprocessor will source 50 mA for a typical USB data transfer. SDRAM will be interfaced for video buffering. The SDRAM has 14 address pins and 16 data pins. The SDRAM chip will need a maximum current of 85 mA sourced from the processing unit. A digital-to-analog converter (DAC) will used to convert video signal to a VGA-compatible format. The DAC requires 27 I/O pins, each of which draw 1 µA, for a total of 27 µA. Considering these requirements, 64 general purpose I/O pins will be needed.
2.3 On-Chip Peripheral Requirements

The microprocessor will need two on-chip peripherals. A one-channel PWM may be needed for sound output. Sound output may eventually be controlled by a separate chip, but as a backup the microprocessor should have a PWM module. The processor should also have a two-channel ATD converter. There will be two potentiometers on the system that will allow the user to control the tempo and volume of the song he is playing, and the ATD module will interpret the signals from the potentiometers.

2.4 Off-Chip Peripheral Requirements
The video output of the processing unit will be in digital format. In order to become compatible with a standard VGA device, a digital-to-analog converter (DAC) will be needed. This DAC will receive digital input from the processing unit and will output RGB data as analog signals.

In order to remove some responsibility from the microprocessor, a Field-Programmable Gate Array (FPGA) will be used to refresh the video display. The microprocessor will send data to the FPGA to indicate which pixels in the display need to be changed. The FPGA will use this information to update a pixel map stored in SRAM, and it will send the entire pixel map from SRAM to the video display monitor sixty times per second as required by the standard VGA refresh rate. 
2.5 Power Constraints

The major consumer of power in the entire system will be the video display monitor. Because we are using a commercial VGA-compatible computer monitor for the display, it will have its own independent power supply. Because the monitor has built-in speakers, the power for the speakers will also come from the monitor’s power source. Power will still need to be supplied to the microprocessor, the USB receiver, and the DAC. Standard 3.3 V and 5 V supplies will be needed for these devices. A single voltage regulator will be used to supply the voltages needed, and there will be no major constraints associated with power consumption. 
2.6 Packaging Constraints

Within reason, the size of the device is not a constraint. The device should be reasonably portable. Access to several ports will be required, which may place constraints on the packaging. The user must be allowed easy access to ports for a USB drive, MIDI input, VGA output, audio output, and two potentiometers.  
2.7 Cost Constraints

The price of the product must be kept within the scope of the project. As a prototype, more money may be spent on this design than one would expect to pay for a final product. For the purpose of a prototype, the VGA monitor is the most expensive component. Other major expenses such as the FPGA could be reconsidered in the interest of finding a cheaper part.
3.0 Component Selection Rationale

In differentiating between microprocessors, clock speed and I/O were the only limiting factors, and available development tools were a major consideration. In order to refresh an 800x600 pixel display sixty times per second with a blanking factor of .8, the processing unit has to be capable of at least 36 MHz clock speed. If the micro were to interface with a standard FPGA, it would need several I/O pins for a large data bus to carry RGB data from the processor to the FPGA. To achieve 8-bit color resolution, a processor could use a 24-bit wide bus and transmit data at the same frequency as the display refresh rate. Bus width could be minimized by using a smaller bus and transmitting faster than the refresh rate so that all of the data is in place before the display gets refreshed. However, another method became apparent. The Cyclone II processing unit is an FPGA with an embedded microprocessor core. [1] It is set up like a typical FPGA, but a group of gates inside the device are arranged in such a manner that they comprise a microprocessor core. By using this device we could do all of our processing and video control on a single chip. In addition, several great development tools are available for the Cyclone II, and a development board is on-hand in the development lab. Two options were considered and are compared here. 
First, we could use an Atmel processor such as the AT91RM9200. [2] The Atmel AT91RM9200 has 122 I/O pins and a max clock speed of 180 MHz. Also, though expensive, there are several development boards available, including the Atmel AT91RM9200 (ARM9) Development Board. [3] With plenty of I/O, capability for fast clocking, and a good development environment, this option met our needs. This option, however, would require a separate FPGA, such as the Atmel AT40K05, which has 128 I/O pins and a max frequency of 100 MHz.
Our other option was the Cyclone II FPGA with embedded microprocessor. The Cyclone II comes in a variety of packages, many of which are ball grid array (BGA). In selecting the appropriate model of the Cyclone II, we chose the largest model available in a plastic quad flat-pack (PQFP) package, the 240-pin EP2C20. The Cyclone II has 260-MHz maximum operating frequency, meeting both the I/O and clock requirements. What set the Cyclone II apart was the availability of development tools. The development lab has an Altera development board on-hand. Furthermore, the development board has a VGA output, which would allow development of a prototype before the printed circuit board is completed. Primarily because of the availability of the Altera development board with VGA output, the Cyclone II processor was chosen.
4.0 Summary

Hooked on Harmonix will utilize several I/O devices to help the user learn to play the piano. Performance critiquing and video adjustment management will be handled by the microprocessor core while the FPGA manages the task of updating and refreshing the video display. Several other chips will be used on the board including external SDRAM and a DAC. Atmel and Altera both make processors that work for this project and meet the clock and I/O requirements, but the quality and availability of Altera’s development tools make the Altera processing unit a clear choice.
List of References

[1] Altera. (2007) Literature: Cyclone II Devices. Available:  http://www.altera.com/literature/lit-cyc2.jsp September 13, 2007 [date accessed]
[2] Atmel. (2007) Arm920T Techinical Reference Manual. Available: http://www.atmel.com/dyn/resources/prod_documents/ARM_920T_TRM.pdf
[3] Atmel. (2007) Atmel AT91RM9200. Available: http://microcontrollershop.com/product_info.php?products_id=1227 
Appendix A:  Parts List Spreadsheet
	Vendor
	Manufacturer
	Part No.
	Description
	Unit Cost
	Qty
	Total Cost

	Altera
	Altera
	EP2C20
	Cyclone II FPGA
	$42.70
	1
	 $42.70

	Global Computer
	I-INC
	iF191DPB
	19” Widescreen LCD Monitor
	$139.99
	1
	$139.99

	Philips
	Philips
	ISP1362
	USB controller
	sample
	1
	sample

	Altera
	Altera
	SSTL-2 class II
	DDR2 SDRAM
	$10.54
	1
	$10.54

	Wolfson
	Wolfson
	WM8731
	DAC
	$4.06
	1
	$4.06

	National Semiconductor
	National Semiconductor
	V62/04636-01
(LM2936MX-5.0EP)
	5 V Voltage Regulator
	$2.09
	1
	$2.09

	Mouser
	STMicroelectronics
	LD1117DTTR
	1.2 V Voltage Regulator
	$0.35
	1
	$0.35

	
	Analog Devices
	ADV7125
	Oscillator
	$7.54
	1
	$7.54

	Kobiconn
	Kobiconn
	161-3507
	3.5mm Stereo Phone Jack
	$0.79
	1
	$0.79

	eTech4Sale
	Panasonic
	PQLV1
	9V-500mA POWER SUPPLY
	$9.95
	1
	$9.95

	Mouser
	Kobiconn
	16PJ031
	DC Power Jacks PCB 2.1mm
	$0.93
	1
	$0.93

	Mouser
	Harting
	09 56 152 7612
	D-Sub VGA Connector
	$4.68
	1
	$4.68

	Mouser
	Texas Instruments
	MAX232ID
	RS-232 Interface ICs Dual EIA-232 Driver
	$0.90
	1
	$0.90

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	TOTAL
	$???.??
	
	
	
	
	

	$224.52
	


Appendix B:  Updated Block Diagram
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NOTE:  This is the first in a series of four “professional component” homework assignments, each of which is to be completed by one team member.  The completed homework will count for 20% of the individual component of the team member’s grade.  The body of the report should be 3-5 pages, not including this cover page, references, attachments or appendices.
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