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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 gaming tool designed to teach users how to play a keyboard.  When a user wishes to play a particular MIDI song stored in the system, the MIDI data comprising that song will be converted to an analog audio output and will also be represented by a series of scrolling bars displayed on the included monitor.  The audio and video representations of the MIDI song will be synchronized such that the rate of the scrolling display, the keyboard key indicated by a particular bar, and the length of the bar will correspond precisely with the tempo, keynote, and note duration of the real-time audio output, respectively.  As the song plays through, the user will attempt to match the song by pressing the keyboard keys indicated by the scrolling display bars.  If the user presses the wrong key, or if the correct key is pressed but at the wrong time instant, the system will record these errors and notify the user of his/her performance after the song is finished.  By practicing these songs multiple times and by utilizing the feedback the Hooked on Harmonix System provides, the user will steadily improve his/her keyboard-playing skills.

The Hooked on Harmonix System utilizes numerous hardware interfaces for various signal inputs and outputs.  For example, the MIDI song files are loaded into the system through a USB interface.  Programming the FPGA is achieved through an RS-232 connection.  Sound is output to speakers via a Stereo audio line.  Because of this variety of data standards, the circuit design requires several controllers or translators which can convert these different data standards into a format directly usable by the FPGA.  Another aspect of the circuit design which has required substantial consideration is the power supply and voltage regulator selection.  The power components must be selected such that they satisfy the different power supply requirements for various system components, but simultaneously the circuit design must ensure that the maximum current or power ratings of any of the regulators are not exceeded.  These hardware considerations are addressed in the next section.
2.0 Theory of Operation
The datasheets for all of the major components listed below can be found in Reference [3].
Memory 

The M4K memory blocks in the Altera EP2C20 Cyclone II FPGA can store a total of 239,616 data bits, not including the memory available on the Nios II processor [1].  However, the data comprising the MIDI files, program instructions, and graphics information has an aggregate size on the order of millions of bits (Mb).  In order to expand data storage capabilities, the FPGA is interfaced to external SRAM and Flash chip modules, providing memory sizes of approximately 4 Mb and 32 Mb, respectively.  The Flash module is needed to store configuration data and the Nios program in a nonvolatile memory location, while the SRAM modules provide memory buffers which will allow efficient processing and storage of real-time graphics signals.  The modules are connected individually to the FPGA via an address bus, a bidirectional data bus, and several control signals.     
Audio Output

It is important that the user be able to hear a song as it is being displayed on the screen, thereby allowing the user to synchronize himself / herself with the rhythm of the song.  The Hooked on Harmonix system achieves this functionality using a MIDI synthesizer IC (BU8793KN).  When a sound is desired, MIDI song data is passed from the FPGA to the MIDI synthesizer, which then converts the digital MIDI data into an analog stereo output.  This analog audio signal is then sent through an audio jack directly to a set of speakers to produce the sound output.

Graphics Processing 

The graphics data processing is handled by the main FPGA as well as a specialized DAC (digital to analog converter), namely the ADV7125.  While a MIDI song is output to the speakers and its corresponding bar pattern is displayed, the FPGA continuously calculates which pixels need to be refreshed or updated.  Because the external SRAM module stores all of the pixel data at any given time, the FPGA works in tandem with the SRAM chip at all times, retrieving pixel values from the SRAM which need to be displayed as well as writing new pixel data to the SRAM for future use.  Digital color data is sent from the FPGA to the DAC via a 24-bit RGB data bus (this 24-bit bus is subdivided into three 8-bit buses, where each bus contains the data for red, blue, or green pixel color).  The DAC converts the digital color data input to an analog RGB output, which is then sent directly to the monitor to be displayed.  In addition to outputting display data, the FPGA also sends several control signals to the DAC and the monitor itself.  
USB Interface 

The Hooked on Harmonix System receives MIDI song data from an external USB device, such as a USB flash drive.  When a new MIDI song is downloaded into the system from an external drive, the data is immediately passed to a USB controller (ISP1181A).  This device configures the serial USB data so that it is readily compatible with the FPGA I/O interface.  The data is then passed through a high speed 16-bit parallel bus to the FPGA processor.  For this particular application, the FPGA does not need to supply any signals to the USB controller, and thus the only connections that exist are for data input to the FPGA.  
Keyboard Input

The keyboard is plugged into the system using a standard 5-pin MIDI jack [3].  The data coming from the jack is then passed through an optical isolator, after which the keyboard signal is input to the FPGA via a single pin serial connection.  
Programming Interface

The FPGA is programmed via an RS-232 interface.  Program data is passed through an RS-232 connector and directly into an RS-232 level translator.  This device configures the data in a manner compliant with the FPGA data standard and passes this data to the FPGA using a serial connection.  The FPGA then writes the program data to the external Flash module, where the program is stored until the FPGA needs to access it.  
Power Supply and Voltage Regulation  

The Hooked on Harmonix System is powered by a 9V, 500mA DC wall adapter which connects to the system via a DC power jack.  This main power supply is then stepped down to several different voltage levels using linear regulators.  The selection of these linear voltage regulators was determined partially based on the voltage requirements of various system components.  For example, the RS-232 level translator, USB controller, and external Flash module all require a 5V power supply, and a 5V regulator was required.  Similarly, a 3.3V regulator was chosen because the external SRAM chip, MIDI synthesizer, and many of the FPGA I/O pins require a 3.3V supply.  A 1.2V regulator was also used in order to power the FPGA processing core.  The 9V power supply will serve as the input to the 5V regulator, and the output of the 5V regulator will serve as the input to the other voltage regulators.

In addition to the system component voltage requirements, the current output capabilities of the regulators were also a critical factor in their selection.  Even though there are numerous regulators available with a given supply voltage, they do not all exhibit the same current output maximum.  The use of a voltage regulator with a low current rating could not only lead to an insufficient current supply to various system components, but if the regulator is forced to source or sink current which exceeds its maximum rating, it could be severely damaged and cause rapid heat buildup in the system.  As a result, all of the voltage devices were selected from the same family of LD1117D regulators with a current rating of 800 mA.  The advantage of this decision is twofold.  First, using voltage regulators from the same family ensures some degree of compatibility and similarity of construction/quality.  Secondly, because these regulators are rated for 800mA, there is little risk of the 500mA power supply causing damage to these components. 

Another vital aspect of power regulation is the use of bypass and decoupling capacitors.  Every pair of power and ground pins on the FPGA is bypassed using 0.1 uF ceramic capacitors.  The decoupling capacitors for the voltage regulators (ranging from 10 uF to 1000 uF) are implemented primarily using electrolytic capacitors.  Individual components, such as the DAC and MIDI LSI, have specific capacitor and resistor requirements, as shown in the hardware schematic.  Nevertheless, additional 0.1 uF ceramic bypass capacitors have been placed between the power and ground pins of most of these components in order to provide greater power supply stability.  Refer to the hardware schematic and PCB layout for details regarding the exact locations and values of discrete components used in the design.

Clock Frequencies 


In order to provide a display resolution of 800 x 600 pixels on a monitor with a 60 Hz refresh rate, the required pixel clock speed is 40 MHz [2].  As a result, the clock signal sent to the DAC from the FPGA must be 40 MHz.  Furthermore, since the FPGA must process and output this pixel data to the DAC, which itself is outputting at 40 MHz, the FPGA must be clocked faster than the basic monitor pixel rate.  Ultimately, 80 MHz was chosen as the clock speed for the FPGA not only because it greatly exceeded the basic pixel rate requirement, but also because it could easily be frequency divided to the 40 MHz clock signal required by the DAC.  Frequency division in digital devices generally only allows for division of a signal by an integer value, and so fortunately the 80 MHz signal can be divided by 2 in order to achieve 40 MHz.  In addition, the MIDI synthesizer device requires a clock signal between 12.5 and 18 MHz in order to process the digital audio input at a sufficiently quick pace.  The FPGA thus outputs a 13.333 MHz (80 MHz divided by 6) signal to the MIDI synthesizer in order to satisfy this requirement.  
3.0 Hardware Design Narrative
Altera Cyclone II FPGA is a nontraditional microcontroller in the sense that although it contains an integrated NIOS II processor, it lacks the internal modules typically found in many microprocessors, including the PWM (pulse width modulation module), ATD (analog to digital conversion module), RTI (real-time interrupt module), etc.  However, by carefully programming the FPGA and by using the external controllers listed above, the presence of dedicated processor modules becomes unnecessary.  For example, the system does not require a PWM module for sound output because the MIDI synthesizer is able to directly convert the MIDI file data to an analog audio signal.  Though there are no modules to select in the FPGA, there are a wide variety of I/O standards with which the FPGA pins can be programmed.  Furthermore, the selection of the pin standards is dependent upon the devices with which these pins interface.  In the Hooked on Harmonix system, all of the devices described above which interface with the FPGA require data I/O voltages ranging from approximately 2.0 to 5.0 V.  In addition, all of the devices are compatible with the TTL (transistor-transistor logic) interface standard.  Thus, the FPGA I/O pins were all chosen to operate with the 3.3 V LVTTL pin standard.  Although the MIDI keyboard I/O voltage is roughly 5 V, this device can still be interfaced with the 3.3 V pin standard by using appropriately sized resistors (1 Kohm) in series with the connection.          
4.0 Summary

The Hooked on Harmonix System utilizes several different data input standards, including USB, MIDI, RS-232 and others. Although the simultaneous usage of different data standards initially seemed very complex, implementing several controllers or translators to convert these differing standards into a common format has greatly simplified the operation of the circuit.  Another concern regarding the FPGA interface was that the I/O pin voltages and data standards of the various external devices may not be compatible with those of the FPGA.  However, the flexibility of the FPGA has allowed for the selection of a single I/O pin standard, 3.3V LVTTL, which is compatible with all of the external devices used in the system.
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Appendix A:  System Block Diagram
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IMPORTANT:  Use standard IEEE format for references, and CITE ALL REFERENCES listed in the body of your report.  Provide “live” links to all data sheets utilized.





NOTE:  This is the second in a series of four “design 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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