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About Me

Asep Bagja Priandana
  Tallinn, Estonia

Product engineer & solopreneur designing and
manufacturing Eurorack synth modules and
custom MIDI controllers
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The Problem

  Traditional MIDI

Wired connections

Wireless MIDI solution is using
bluetooth

Proprietary ecosystems

  DIY Embedded

C/C++ complexity

Manual memory management

Difficult concurrency

Question: Can BEAM VM run on microcontrollers for real-time midi applications?
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The Solution: midiMESH
  Open-Source Design

ESP32-C3 microcontroller (~400KB
RAM, 2€-5€)

AtomVM: Lightweight BEAM VM

Eurorack-compatible hardware

MIDI over WiFi via UDP

  Built with Elixir

Process-based concurrency

Pattern matching

Message passing

Fault isolation

  github.com/nanassound/midimesh_esp32
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AtomVM - BEAM on Microcontrollers
A subset of Erlang VM designed for embedded systems

  Key Features

Lightweight processes

Message passing

Interface with GPIO, I2C, SPI, and
UART

Actor-based concurrency model
make the program easier to write and
understand

Support WiFi networking

 Platforms

ESP32 family

STM32

Raspberry Pi Pico

Unix

WASM

Trade-offs: Limited Elixir standard library 5



Hardware: ESP32-C3 SuperMini
Specifications

CPU: RISC-V 32-bit max clock
160MHz

RAM: 400KB SRAM

WiFi: complies with 802.11 b/g/n

I/O: 5x ADC, 10x GPIO

Cost: ~2€-5€

Power Options

  USB-C

  Eurorack power header for 5V

  Battery (portable)
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midiMESH Architecture Overview

ESP32-C3 Device

Knob 1 Process

Knob 2 Process

Knob 3 Process

...

UDP Sender Process

 WiFi
UDP

Port 4000

Desktop Receiver
(Elixir)

Virtual MIDI Port

DAW / Synth
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Module Architecture

firmware/lib/
├── midimesh_esp32.ex   # Main application entry point
├── knob.ex             # Potentiometer reading process
├── wifi.ex             # WiFi connectivity (STA/AP modes)
├── switch.ex           # gen_statem for mode selection
├── midi_ops.ex         # MIDI message generation
└── config.ex           # WiFi credentials
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Process-Based Concurrency


5 independent

processes


Pure message passing


150ms polling cycle

# Each knob runs in its own process
def spawn_knobs_reading(pins, knob_ids, directions, udp_pid) do
  # Spawn 5 independent processes
  Enum.each(pins, fn {pin, index} ->

    spawn(fn ->
      read_knob_loop(pin, udp_pid, index, id, direction)
    end)
  end)

end

# Message passing to UDP sender
send(udp_pid, {:knob_value_with_index, index, id, value})

9



The Knob Process

  Why This Works

Tail recursion = no stack growth

Pattern matching for clean flow

Immutable data = no races

  Fault Isolation

Each process fails independently

defp read_knob_loop(pin, dest_pid, index, id, direction, prev_value) do
  case read_analog(pin, direction) do
    {:ok, {_raw, _voltage, midi_value} = knob_value} ->

      # Only send if value changed (debouncing)
      if midi_value != prev_value do

        send(dest_pid, {:knob_value_with_index, index, id, knob_value})
      end
      Process.sleep(150)

      read_knob_loop(pin, dest_pid, index, id, direction, midi_value)
  end

end
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WiFi & Networking

STA Mode

Connect to existing WiFi network

AP Mode

Device creates its own network

# STA Mode - connect to existing network
:network.wait_for_sta([ssid: "wifi_name", psk: "password"], 15000)

# AP Mode - create access point

:network.wait_for_ap([ssid: "midiMESH-SlideAndTwist"], 15000)

# UDP broadcast to local network
@udp_target_ip {255, 255, 255, 255}

@udp_target_port 4000
:gen_udp.send(socket, @udp_target_ip, @udp_target_port, midi_data)
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gen_statem for Hardware Control

  Why gen_statem?

Clean state transitions Timeout-based polling Separation of logic

defmodule Switch do
  @behaviour :gen_statem

  # Two states: :switch_open, :switch_closed

  # Polls every 150ms
  # Auto-restarts device if switch changes from boot position

  def switch_open(:state_timeout, :poll, data) do

    case GPIO.digital_read(data.pin) do
      :high -> {:next_state, :switch_open, data, [timeout: 150]}

      :low -> check_state_change(:switch_closed, data)
    end

  end

end
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MIDI Message Generation

MIDI Mapping

Raw ADC (0-4095) → MIDI (0-127)

B10K potentiometer

Linear response

CC Numbers

Knobs 1-5 → CC 75-79

# MIDI CC format: 3 bytes
# Byte 1: Status (0xB0 + channel)

# Byte 2: CC number
# Byte 3: Data value (0-127)

status_byte = 0xB0 + @midi_channel  # Channel 1

cc_number = elem(@knob_midi_cc_number, knob_index)  # 75-79
cc_data = <>

MidiOps.send_midi(socket, cc_data, @udp_target_ip, @udp_target_port)
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Building & Deployment

mix.exs Configuration

# Install AtomVM on ESP32-C3
mix atomvm.esp32.install

# Configure WiFi
cp lib/config.ex-example lib/config.ex

# Edit ssid_name and ssid_password

# Build and flash

mix atomvm.packbeam
mix atomvm.esp32.flash --port /dev/tty.usbmodem1101

def project do

  [
    atomvm: [

      start: MidimeshEsp32,      # Entry point module
      flash_offset: 0x250000     # AtomVM partition

    ]
  ]

end
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Live Demo Overview


midiMESH
ESP32-C3

(5 knobs)


WiFi UDP MIDI


Laptop

Desktop Recv
Cardinal Synth

Demo Scenarios

Control Cardinal modular synth Multiple knobs, different modules

Demonstrate low latency AP mode with devices
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The Future
 Distributed MIDI

Synchronization

Multi-device sync

Shared state across controllers

Link-enabled tempo sync

Collaboration

Networked performances

Distributed processing

Fault-tolerant systems
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Why Elixir on Embedded?
  Pros

Concurrency model fits real-time

Fault isolation between processes

Developer productivity

OTP patterns for reliability

  Challenges

Memory constraints

Limited debugging tools

Smaller ecosystem

Hardware-specific NIFs needed
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Key Takeaways

1 Functional programming works on microcontrollers

2 BEAM processes naturally model embedded systems

3 AtomVM brings Elixir to IoT/hardware

4 Wireless MIDI enables new music applications

5 Open hardware + open software = accessible
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Resources

  Project: github.com/nanassound/midimesh_esp32

  AtomVM: github.com/atomvm/AtomVM

  Desktop Receiver: github.com/nanassound/midimesh_desktop_receiver

  License: Apache 2.0 (firmware), CERN-OHL-W (hardware)
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Thank You!
Questions?

  nanassound/midimesh_esp32
  asep@nanas.ee

Demo continues...
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