Arduino, Elixir and Nerves

A Deep Dive into the Firmata Protocol



Firmata

Firmata is a protocol for communicating with microcontrollers from software on a computer (host) based
on the MIDI protocol



Firmata -> MIDI

0xDO - OxDF + 1 byte
MIDI: Channel + Pressure

Firmata: Report digital port + enable/disable



Outgoing Messages

12C Request Message
0..data Input = ©
sad| e || BOs e 7bitsmse X7 Output = 1
2 A Analog = 2
slave address (MSB) + read/write and address mode bits PUM &5
* {7: always0} + {6: reserved} + {5: address mode, 1 means 10-bit mode} + Catve : 2
* {4-3: read/write, 00 => write, 01 => read once, 10 => read continuously, Shift = 5
11 => stop reading} + 2¢ 6
* {2-0: slave address MSB in 10-bit mode, not used in 7-bit mode}
Servo Config Message
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Outgoing from Host

Set Analog Output
|_AnalogOutput | __isb__|___msh__|
OxEO — OXEF 7-bits 7-bits

B1110xxxx - Where xxxx the digital pin (max 16 pins)

set mgml Output
|_Digital Output | __Ish | __msh__|
0x90 —O0x9F 7-bits 7-bits

B1001xxxx - Where xxxx the digital port(max 16 ports)

Set Pin Mode
|_SetPinMode | __Pin# | PinState |
0xF4 7-bit (0-127) mode
|___Reset __|
OXF9 OxFF

] Toggle Digital Enable/Disable i

0xDO — OxDF b (




Incoming Messages

General Sysex Message Sysex Messages
Protocol Version Message
Start Sysex
m P——
Message Version Version
OxFO 0x00- Ox7F o.10%% OxF7
7-bitsplitchars OxFO 7-bit 7-bit

Firmware Messa

Start Sysex Major Minor F e N
Sysex Command Version Version Sysex

7-bits i 0.1022 Analog Message

FO
2 7-bitsplitchars
Analog Mapping Message String Message
s oo ﬂ SE= oo
Sysex Command ysex Command ysex

0..pins
7-bits 0x70 0.1024 OXF7 B1110xxxx -> xxxx the analog pin
7-bitsplitchars (max 16 pins)

Pin State Messa,

Start Sysex Pin S
Svsex “ Dlgltﬂl Message
7-bits 7-bits Analog Message
Zeorts || Smade ) (A= 1382 S il e i | | 0E7 -

Middle and MS bytes may be omitted if they have noinfo OXEO — OxEF 7-bit 7-bit
Capability Query Message
Start Sysex 2 - B1110xxxx -> xxxx the digitalport
AT (mex16 porte) Dt port8 pins
0..pins
0 ot Ome;—bns Ox7F s
7-bits mode : Modes
resolution —_—
Input = @
12C Response Message Output = 1
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"t | s s "
Sysex|Command| LSB MSB LSB MSsB Sysex S LA
0.d. 3 =
OxFO  Ox77  7-bits 7-bits  7-bits  7-bits . At . OxF7 shift = 5
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Incoming to Host




System Exclusive (Sysex) Messages

Few message types map 1 - 1 to MIDI protocol, basically analog and digital pin 10, firmware version, etc.
Mapping to a MIDI message must match MIDI message length exactly
Sysex Messages can be any length

Sysex Messages are used prominently for Firmata functionality

Start
Command Sysex

0..1024
7-bitsplitchars

OxFO 0x00- Ox7F



Full Disclosure

Keyvan Fatehi (https://github.com/kfatehi) wrote the original Elixir Firmata Client
(https://github.com/entone/firmata) and is responsible for the majority of the architecture and parsing
logic.



https://github.com/kfatehi

My contributions (maintainer)

I2C read/write

e Stringdata
e Analog pin <--> process mapping architecture.
e Ultrasonic sensor

e NeoPixel



12C Analog | Digital Servo | Custom
FirmataExample.Board
Firmata.Board
Nerves.UART
Stream
Arduino
12C Analog | Digital = Servo | Custom

Typical Firmata Architecture

fritzing



init({port, opts}) do
speed = opts[:speed] || 57600
uart_opts = [speed: speed, active: true]

{:0k, serial} = Nerves.UART.start_link
:ok = Nerves.UART.open(serial, port, uart _opts)

Nerves.UART.write(serial, <<OxFF>>)
Nerves.UART.write(serial, <<OxF9>>)

state =

> Map.put(:serial, serial)
> Map.put(:interface, opts[:interface])
k, state}

Firmata.Board.init




def handle_info({:nerves uart, , data}, state) do
{outbox, parser} = Enum.reduce(data, {state.outbox, state.parser}, &Firmata.Protocol.parse(

Enum.each(outbox, &send(self, &1))

ly, %{state | outbox: [], parser: parser}}

Parse UART input



on}t}, major>>) do

Firmata.Protocol SR

n, major}}, <<minor>>) do

minor} | outbox ], {}}

X, sysex}},
.parse(sysex) | outbox ], {}}

{outbox, { X, sysex}t}, byte)
{:sysex, sysex < byte }}

par {outbox, {}}, <<byte>>) when byte

{outbox, { al Y \ 56 0xOF}}

({outbox, {:an: pin}}, <<1
{outbox, {:an: 5 _Te pin, 1lsb}}

pin, lsb}}, <<msb>>)
pin, lsb ||| (msb <<< 7)} | outbox],




Custom Firmata Additions




Modifying the Firmata Client




https://github.com/entone/firmata_example

(<0.171.0>)—(<0.172.0>)—(Elixir.FirmataExample.Su pervisor)-

Elixir.FirmataExample.Distance]

{Elixir.FirmataExample.Board Elixir.FirmataExample.Firmata.BoardH<o.181.0>)

Elixir.FirmataExample.NeoPixel)

{Elixir.FirmataExample.UARTProbe)—(<0.176.0>]

-{Elixir.FirmataExample.WaitForDevices)




System | Load Charts

cicada

cowboy

elixir

gettext

hackney

hardware

hex

iex

inets

interface

kernel

logger

mdns

mix

mqtt
nerves_interim_wifi
nerves_network_inte
nerves_wpa_supplica
os_mon

plug

ranch

sasl

ssdp

ssl

timex

tzdata

Memory Allocators

Applications

Processes

Ports

[<0.870.0>H<0.871.0>HElixir.Hardware.Su pervisor]-

Table Viewer | Trace Overview

idifier

-{Elixir.Hardware.Fi rmata.Boal rd)—(<o.895.0>)

El

ardware.Board

Elixir.Hardware.NeoPixel

{EIixir.Hardware.channelsattings) -{Elixir.Hardware‘Logic)—

Elixir.Hardware.Sensors

Elixir.Hardware.Logic.CO2

{Elixir.Hardware.Logic.Humidity)—(Elixir.Hardware.Logic.Humidity.PIDcontroller)

Elixir.Hardware.Logic.Nute Elixir.Hardware.Logic.Nute.PIDcontroller]
Elixir.Hardware.Logic.PH Elixir.Hardware.Logic.PH.PIDController]

Elixir.Hardware.Logic.CO2. PIDcontroller)

{E lixir. Hardware.Logic.Temperatu re)—(Elixir.Hardwa re.Logic.Temperature. PIDcontroller)

light_control

water_temperature

{Elixir.Hardware.Touchstone)—(Elixir.IEQGateway.Supervisor)—{Elixir.IEQGateway.EventManager)—(Elixir.lEQGateway.Events)

El ardware.UARTProbe

{E lixir.Hardware.WaitForDevices]

{Elixir.lEQGateway.StationSupervisor]—(lEQStation—Z)




Thank You

@entropealab

@CRTLabs
https://github.com/entone
http://code.crtlabs.org

https://github.com/entone/firmata_example


https://github.com/entone
http://code.crtlabs.org
https://github.com/entone

