XUP-V2Pro Development System Built-In Demonstration Design -Preliminary

Demo Requirements 

The overall requirements for this demonstration design are to use utilize the audio and visual interfaces built in to the board in an example that requires minimal additional accessories.  The accessories used with this demo are a VGA monitor, audio source and speakers. These would typically be the audio output, VGA display, and audio speaker of the user workstation.  The user would need to have or acquire a stereo audio male to male cable.

Design Overview 

The XUP-V2Pro Development System board built-in demonstration design uses the AC 97 a audio codec as the audio A/D and D/A  to the Xilinx XC2VP30 FPGA for capturing audio to be filter and played back to the users speakers.  The filtered or unfiltered digital audio data is presented to a 64 point FFT to convert the time domain audio, to frequency domain spectral information.  The output of the FFT is sampled and displayed graphically using character mapped graphics to an 800 X 600 pixel VGA resolution display using Fairchild FMS3818 D/A  to take the digital data from the FPGA to the SVGA analog output.
The “Left, Enter and Right” push buttons are also sampled to select whether the audio is filtered and which of three filters are used to filter the data.  The three filters are:

1. Low Pass filter    0 Hz to 3000 Hz, when the “Left” button is depressed.
2. Band Pass filter   3000 Hz to 7000 Hz, when the “Enter” button is depressed.
3. High Pass filter   7000 Hz to 12000Hz, when the “Right” button is depressed.
4. No filtering when none of the buttons are depressed.

The output of the mux controlled by the push buttons are sent through a band stop and decimation filter to limit the spectrum to 12,000 Hz, and lower the sample rate from 48000 Hz to 24000 Hz.  This is the input to the FFT windowing.  Frequency resolution of an N-point FFT is:  fr = Fs/N whre Fs is the sample frequency & N= the number of FFT points.  For the FFT in this design Fr = 375 Hz ( 24,000/ 64 points).   The output of the FFT is continuously written to a dual ported memory, where one port is written by the FFT the other port is read by the OPB bus of a PPC 405 microprocessor that controls the display memory refresh and scaling of the FFT output data. Each vertical bar displayed on the VGA display represents a frequency bin of 375 Hz. The left most bar is 0 to 375 , and the next is 375 to 750.  There are 31 bins displayed so the right most bar represents 11625 Hz to 12000 Hz.  

There is a second shared dual port memory that holds the character mapped display. While the XUP-V2Pro Development System board is capable of full bit mapped graphics, this capability would require an external SDRAM module, which was outside the scope of this application which is planned to using the minimum accessories.  
The character mapped display memory is completely contained with the Xilinx XC2VP30 FPGA.  Controlled by software, which is also stored in initialized RAM in the FPGA, are the display formatting, refresh rate control, and scaling of the FFT bin data.  The main loop of the program continually reads the FFTs shared memory converting the data to bar characters then writes the characters to  the shared RAM with the display interface. The display interface, and all of the filtering and FFT logic is clocked at the display pixel rate of 40 MHz.  The VGA interface block handles all the logic for generation of the video pixel output and sync signals. This block also provides the 8x8 pixel character and color mapping for to the display.  Converting the data stored in the character memory to the individual pixel data for 24 bits of color resolution per pixel. The block diagram in Fig 1. helps illustrate the data flow.
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Figure 1.
Design Implementation

The current design implantation is an embedded system centric design.

The design consists of 3 main blocks;

1. The PPC 405, buses, memories and UART.  (The Uart is activein the final design but is available as an auxiliary display for debug.)

2. The VGA display block with a port mapped to a shared memory with the PPC ‘s OPB bus.

3. The Filter & FFT block with a port mapped to a shared memory with the PPC ‘s OPB bus.
Both the VGA display block & the Filter & FFT block are treated as “black box” logic to the embedded processor design flow.  The term black box refers to the fact that the these elements were pre- synthesized to the EDIF or NGC level net list level independently, and then merged with the embedded processor at the net lists level using the embedded development kit as the implementation tool. 
There are 2 separate blocks that make of the filtering and FFT “black box”, a box with a box.  This was done to accommodate the atypical clock management used with a System Generator created signal processing blocks.  The selectable filters and MUX are in one “black box” and the decimate / band stop filter and FFT are in a second net list with the selectable filters and MUX element wrapped inside.  This complete section is called as one embedded core “filters_w_fft_v1_00_a”.
The same is true for the VGA controller.  The controller is synthesized from VERILOG source to a single EDIF net list as is called as a single embedded core “color_char_mode_svga_ctrl_v1_00_a”.

Design Notes

The AC97 codec output is stereo, but this version of the design only processes the left channel with the play back data being sent to both the left and right channels.  With additional control and only a small amount of additional resource, the filters and FFT could easily be made to process both channels, considering the design not even close to the maximum sample rate.  
The filters are currently built using SDA cores, which could be implemented in a MAC style filter, taking advantage of the dedicated multipliers and block ram memory. 
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