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FPGA remake of “Piano Tiles” 
with real USB MIDI keyboard

Key Features:
● Two-octave support for richer 

gameplay
● Real-time VGA tile display + 

audio feedback
● Low-latency hit detection (< 1 

ms)
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Inspiration



Our Goals
● Implement real-time, responsive note detection using 

FPGA logic.
● Provide accurate audio feedback for each key press using 

high-quality phase-shifted WAV samples.
● Design a visually appealing VGA interface for the falling 

note tiles and real-time score display.
● Achieve low latency between key press, note hit detection, 

and audio playback.
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Hardware
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Display 
Game Engine:

● Circular buffer of active tiles (column, spawn 
time, speed, color)

● Computes Y position each VGA frame
● Hit-line comparator + score counter

MIDI Capture IP:

● Memory‐mapped at 0xFF20_1000/1004
● Buffers 32-bit MIDI + timestamp, raises IRQ on 

new data
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Audio
● Polyphonic Driver Peripheral 

○ Up to 8 simultaneous 
voices (key registers)

○ Phase accumulators 
pitch-shift 2 base WAV 
samples (C3–C4)

○ Gain multipliers + mixer 
→ single 24-bit stream

● On-Chip RAM 
● Audio Codec
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Software
● MIDI Reader Thread 

○ Polls USB endpoint via libusb
○ Decodes “Note On,” timestamps with 

gettimeofday()
● Game State Handling 

○ Tracks active tiles, score, combo, game over
○ Drives on‐screen UI: start menu, difficulty 

select
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Hardware-Software Integration

Piano Heroes



Integration 
The plan was: 

● Interrupt Flow 
○ HPS writes MIDI 
○ FPGA asserts IRQ 
○ Userspace thread waits, updates game logic
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Demo
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Thank you!

15

Piano Heroes

15


