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Specifications/Desired behavior 

16 slots

4 Instruments;
Controlled with 
MIDI keyboard

Select slot with button

2 Modes:
- Record
- Playback; choose BPM
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User Interface 

change step change 
track/bpm

playback bpm

● Memory mapped messages to 
userspace:

[track|step|playback|bpm]

    8bits   8bits 1bit   15bits



Decoding USB-MIDI

USB-MIDI 
Packets

Note velocity Key Number Zero paddedNote on or off

Handled via USB Bulk Transfer: 

Libusb Device Handle:



Wolfson WM8731 Audio CODEC Config.

(driver we used was a wrapper around preconfigured Intel IP)

24b,  48kHz, MSB first



Driver Interface (Moore FSM)
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STORE
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READ
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w & cs

w : write
cs : chipselect
adv : advance
MD : Memory Depth (48000)
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1. Store sample from 
userspace to RAM

2. Shift Pitch & Pass 
samples to CODEC



Driver Interface (Moore FSM, State Transitions)



Driver Interface (Moore FSM, Output Logic)



Software Control
● Memory mapped messages:

[playbackmode|active channels|pitch_shift|note_velocity|channel|audio_sample]

  1 bit  4 bits  4 bits 3 bits   2 bits   16 bits

● Audio driver with 4 device registers (1 per track) for memory mapped write 

Octave #

Track #



Pitch Shifter
● Just intonation vs Equal 

Temperament
● Implemented using fixed point 

numbers and skipping samples

1.887+1.887 = 3.77 = 3 



wav_handler.c

Parses input .wav headers & data segment



Conclusions

● Successfully Implemented the desired behavior.

● Pitch-shifting in hardware.

● User Interface logic & file handling in software.

● We did not implement a mixer.


