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• Overview
• Diagram



Overview

1. Audio Data Processing -  Obtain audio from microphone 

2. FFT(Fast Fourier transform) Calculation - Execute FFT on audio data

3. Data Visualization - Show FFT Results on VGA as dynamic waterfall waveform

4. Button Control - Adjust the shape of the visualization (30 - 60 degree)

• What we have…

https://en.wikipedia.org/wiki/Fourier_transform


Diagram



Hardware
• Audio
• DIF FFT
• VGA Display



Hardware - Audio 

The Audio module synthesizes 
most of the functions, including 
sound acquisition, FFT, memory 
management, key control, and 
Hex7seg.



Hardware – FFT Module
• DIF FFT

Figure: N=8 point decimation in frequency FFT algorithm

 

• Difference between DIF and DIT FFT

• The output is bit-reversed

• Multiplication is done after butterfly 

 

 

 

 

 

 

 

[1] THE FAST FOURIER TRANSFORM (FFT). (n.d.-a). https://eeweb.engineering.nyu.edu/iselesni/EL713/zoom/fft

[2] Proakis, J. G., & Manolakis, D. G. (1996). Digital Signal Processing: Principles, algorithms, and applications. Prentice Hall. 

https://eeweb.engineering.nyu.edu/iselesni/EL713/zoom/fft


Hardware – FFT Module

Real part 
Audio [23:8]

Imaginary part 
16’b0

[1] Dan Gisselquist (2017). A Generic Piplined FFT Core Generator. https://github.com/ZipCPU/dblclockfft/tree/master
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Hardware – FFT Module

[1] Dan Gisselquist (2017). A Generic Piplined FFT Core Generator. https://github.com/ZipCPU/dblclockfft/tree/master

• Internal Stage Architecture

1. Internal Calculation

2. Butterfly - Add and Subtraction

• Butterfly Operation 

• Complex Multiplication

 

 

 

 

 

 

 



Hardware – FFT Module

• Internal Stage Architecture

3. Coefficient - Twiddle Factor  

• Coefficients for Different Stages are Pre-Stored in 

Memory

• The upper bits are the real part of the coefficient; 

• The lower bits are the imaginary part of the 

coefficient. 

cmem_16.hex (N = 16, k : 0 ~ 7)

 



Hardware – FFT Module

• Fast Multiplication Algorithm - Karatsuba Algorithm

1. Basic Idea 2. Implementation in Butterfly 
Operation in DIF FFT

 

 

 
 

 

4 Multiplications
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Hardware – FFT Module

• Fast Multiplication Algorithm - Karatsuba Algorithm

 
  

 
 

 



Hardware – FFT Module

• FFT Result Checking

Mathematical FFT Output Testbench – Simulation of audio input data

Output Waveform



Hardware – FFT Module

• Bit Reverse Module

• Memory size: 29=512       42-bit data
• The `rdaddr` is computed as the bit-reversal of `wraddr`  
• o_sync is set 1 when the bit-reversal process is done and the data output is valid. 

i_clk2

i_ce & br_start

i_sync 

42-bit i_data
42-bit output 
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……

Memorywraddr rdaddr
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Hardware - FFT Module 

1. Left shift the largest 2 bit of 
number and add with remain.

2. Compare the value to {answer,01}

3. Update lowest bit of answer and 
remain value.

• Square Root Calculator Function



Hardware - VGA

• Design

• 256000(640 * 400) bit grayscale output

480

400

640

pixel_values[400][640]

software hardware



Hardware - VGA

• Frame Storage

• Use memory to store the frame

• Read memory through VGA counter cycle



Hardware-S
oftware 
Interface



Register Map

• Memory-Mapped Registers:

• vga_pixel: Address 0 for pixel values.

Address 1 for pixel positions.

• aud: Address 2 for angle data.

Address 3 for audio data.

• Data Flow:

• Software to Hardware:

Writes pixel colors and positions to registers.

• Hardware to Software:

Reads processed audio data and angle data to visualize 

waveforms.



Software



Software 

• Data Capture 
• Audio Data Acquisition

get_aud_data(aud_fd)

• Angle Data Acquisition

get_angle_data(aud_fd)

• Data Processing and Waveform Generation
• Frames and CUR Arrays

■ Frames: Stores historical audio data over multiple frames.
■ CUR: Holds the current state of the waveform to be displayed.

• Waveform Calculation
■ Function f(CUR, Frames, ang) processes audio data and applies a 

rotational angle to generate the waveform.



Software 

• Displaying the Waveform 
• Clearing the Screen

■ Initial screen clear to reset previous data

• Setting Pixels:

■ Iteratively place pixels on the screen according to waveform data.

■ Use set_pixel_axis to position pixels and set_background_color to set intensity.

• Continuous Refresh
■ The screen is updated continuously as new audio data is processed.



Demo


