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Beam Bots installer and operator tools for
TheRobotStudio's SO-101 — a 6-DOF
desktop robot arm built around Feetech STS3215 serial bus servos.
Features
	Single-command bootstrap — mix igniter.install bb_so101 scaffolds a complete robot module, supervisor wiring, and SIMULATE-aware boot options
	Full SO-101 topology — kinematic chain matches the official URDF; six revolute joints with calibrated limits and visual geometry
	Feetech wiring out of the box — composes bb_servo_feetech.install to set up controller, parameter bridge, and serial port config
	Operator mix tasks — interactive wizards for assigning servo IDs and calibrating mechanical zeroes
	Hardware-free development — run the generated project in simulation mode with SIMULATE=1

Installation
In an existing project:
mix igniter.install bb_so101

Or scaffold a new project with the dashboard included:
mix igniter.new my_robot --install bb_so101,bb_liveview

The Getting Started tutorial
walks the rest of the way through powering up the arm, setting servo IDs,
calibrating, and driving the dashboard.
Installer Options
	Option	Default	Description
	--robot	{App}.Robot	Module name for the generated robot module
	--device	/dev/ttyUSB0	Default serial device path

The generated application.ex reads the device path from SIMULATE / your
config and boots the robot in :kinematic simulation mode when SIMULATE=1 is
set in the environment.
Operator Tasks
Once your project is generated and your servos are wired, two mix tasks help
you bring the arm up:
# One-time: assign servo IDs 1-6 to each servo in turn
mix bb_so101.setup_servos /dev/ttyUSB0

# Per-arm: write mechanical-zero offsets so `0 rad` is the joint centre
mix bb_so101.calibrate /dev/ttyUSB0

See the Set Up Servo IDs and
Calibrate the Arm how-to
guides for detail.
Requirements
	Elixir ~> 1.19
	An SO-101 arm (or run in simulation mode)
	A USB-to-TTL serial adapter (Feetech URT-1 or compatible) for hardware mode
	6–7.4 V DC power for the servos

Documentation
Tutorials
	Getting Started —
bootstrap a project, set servo IDs, calibrate, and drive the dashboard

How-to Guides
	Set Up Servo IDs
	Calibrate the Arm
	Run in Simulation

Full API documentation is available at HexDocs.
Related Packages
	bb — core Beam Bots framework
	bb_liveview — Phoenix LiveView dashboard
	bb_servo_feetech — Feetech STS servo driver
	feetech — Feetech serial protocol library

Acknowledgements
	TheRobotStudio for the SO-ARM100 open-source design and reference URDF
	Feetech for the STS series servos



  

    Change Log

All notable changes to this project will be documented in this file.
See Conventional Commits for commit guidelines.
v0.1.0 (2026-05-16)
Improvements:
	installer registers arm_commands handlers in generated robot (#1) by James Harton



  

    Getting Started

This tutorial takes you from nothing to a running SO-101 arm with a live
LiveView dashboard. By the end you'll have:
	A new Elixir project with a {App}.Robot module describing the full SO-101
kinematic chain
	Six servos with unique IDs, each calibrated so 0 rad is the joint centre
	A Phoenix server serving the BB dashboard at http://localhost:4000
	A safe arm/disarm workflow and the ability to drive individual joints from
the dashboard

If you don't have an SO-101 to hand, the
"Without hardware" variation at the
end of Step 2 lets you skip the wiring entirely and run the rest of the
tutorial in simulation mode.
Prerequisites
	Elixir 1.19 or later

	The igniter_new archive:
mix archive.install hex igniter_new


	An assembled SO-101 arm with
six Feetech STS3215 servos (skip if you only want simulation mode)

	A USB-to-TTL serial adapter (the Feetech URT-1 is a good default) connected to
the servo daisy-chain

	A 6–7.4 V DC bench supply wired into the servo bus


Step 1: Create the Project
Generate a new Elixir project with the SO-101 robot definition and the dashboard
preinstalled:
mix igniter.new my_arm --install bb_so101,bb_liveview

igniter.new creates the project, adds both packages as dependencies, runs each
package's installer, and asks one yes/no question along the way:
bb_liveview needs a Phoenix application. Set up a minimal one now?

Answer yes. bb_liveview will then compose just the Phoenix sub-tasks the
dashboard needs (core, endpoint, router, live, assets) — without
ecto, mailer, gettext, or LiveDashboard. The whole bootstrap takes about a
minute.
When it finishes, cd into the project and verify it compiles:
cd my_arm
mix compile

You should see lib/my_arm/robot.ex (the full SO-101 topology),
lib/my_arm/application.ex (supervises the robot with a robot_opts/0
helper), and lib/my_arm_web/ (the Phoenix scaffolding plus a
bb_dashboard("/", robot: MyArm.Robot) mount in the router).
Step 2: Assign Servo IDs
STS3215 servos ship with a default ID of 1. Each servo in the SO-101 needs a
unique ID matching its position in the kinematic chain:
	Joint	Servo ID	Where it lives
	shoulder_pan	1	Base, rotates the whole arm
	shoulder_lift	2	Shoulder, raises/lowers
	elbow_flex	3	Elbow
	wrist_flex	4	Wrist pitch
	wrist_roll	5	Wrist rotation
	gripper	6	Gripper open/close

If the servos in your kit haven't been programmed yet, the setup wizard walks
you through them one at a time:
mix bb_so101.setup_servos /dev/ttyUSB0

The wizard will prompt you to connect a single servo at a time to the
controller. It uses a broadcast scan to find whichever servo is currently
attached, writes the correct ID to its EEPROM, asks you to disconnect it, then
repeats for the next joint. Once all six are programmed, daisy-chain them
together and reconnect to the controller.
If your /dev/tty* path differs (macOS often uses /dev/tty.usbserial-…),
pass the right device path. The default baud rate is 1 Mbaud; override with
--baud-rate if you've changed it on the servos.
Bring the arm up without hardware
If you don't have an arm, skip this step and Step 3 entirely — the rest of the
tutorial works in simulation mode. Jump to Step 4
and start the server with:
SIMULATE=1 mix phx.server

The robot module is identical; what changes is that the Feetech controller is
omitted from the supervision tree and the actuators are replaced with
BB.Sim.Actuator, which publishes simulated motion. Forward kinematics still
work, so the dashboard's 3D view and joint sliders both behave the same way as
with a real arm.
Step 3: Calibrate the Arm
The kinematic limits in lib/my_arm/robot.ex are expressed in radians around
each joint's mechanical centre. Calibration writes a position offset into
each servo's EEPROM so the servo agrees with that convention. Without it, the
3D model and the physical arm will be visibly out of sync.
With all six servos daisy-chained and powered on:
mix bb_so101.calibrate /dev/ttyUSB0

The task:
	Disables torque on every servo so you can move the arm freely with your
hands.
	Continuously reads each joint's position and shows live min / max
tracking.
	Asks you to move every joint through its full range of motion — bend
each one to both mechanical limits, including opening and closing the
gripper.
	When you press Enter, it computes the mid-point of each joint's observed
range, converts that to a position offset, and writes it to the servo.

If you want to see the offsets before they're written, run it with
--dry-run (or -n) first.
Calibration only needs to happen once per arm — the offsets are stored in
EEPROM and persist across power cycles. Re-run it if you ever remount a horn
or replace a servo. See the
Calibrate the Arm how-to guide for the full
option reference.
Step 4: Start the Server
mix phx.server

The first start fetches and builds assets (esbuild, Tailwind, etc.); subsequent
starts are fast. When you see:
[info] Running MyArmWeb.Endpoint with Bandit ... at 127.0.0.1:4000 (http)
you're ready to drive the arm.
If you're running without hardware, prefix it with SIMULATE=1:
SIMULATE=1 mix phx.server

Step 5: Drive the Arm From the Dashboard
Open http://localhost:4000 in a browser. You should see:
	Robot — the title bar, with a green "Connected" indicator on the right
	Safety — current state (Disarmed) plus Arm and Disarm buttons
	Commands — tabs for arm and disarm, each with an Execute button
	3D Visualisation — a Three.js view of the arm, in its current pose
	Joint Control — a table of all six revolute joints, each with a position
readout and a target slider
	Event Stream — the live PubSub message feed
	Parameters — the feetech config group (the serial device and baud rate)

The robot starts in the Disarmed state. In this state the joint sliders are
read-only and no command will move the arm — Beam Bots' safety system requires
explicit arming before motion is allowed.
Arm the robot
Click Arm in the Safety panel, or run the arm command from the Commands
panel. The Safety indicator turns green and reads Idle. The joint sliders
become interactive.
Move a joint
In the Joint Control panel, drag the Target slider for any joint. As you
release, the dashboard publishes a position command:
	With real hardware, the corresponding Feetech servo rotates to the requested
position. The 3D view and the Position column update from the servo's
feedback messages.
	In simulation, BB.Sim.Actuator publishes synthetic motion events and the
forward-kinematics layer updates the 3D view from the simulated joint state.

The Event Stream panel below shows every PubSub message — joint state
updates, command lifecycle events, parameter changes. Useful when you're
debugging unexpected behaviour.
Disarm
Click Disarm (or send the disarm command). Safety state returns to
Disarmed. On real hardware this disables torque on every servo so the arm
goes limp; if it was holding a position above gravity, support it before
disarming.
Where Next?
You now have the full bring-up loop. From here:
	Define custom commands. The arm and disarm commands are the built-in
state-machine commands. Domain-specific commands (move-to-home,
pick-and-place, sweep-through-positions) live in your own modules — see the
Commands and State Machine tutorial
in the core bb framework for the patterns.
	Tune motion via parameters. The bb_servo_feetech parameter bridge
exposes every register in the servo control table — position gains, max
speed, torque limit. The Parameters panel of the dashboard reads and writes
them at runtime.
	Subscribe to the robot's PubSub topics from your own code (logging,
alarms, derived sensors). The
Sensors and PubSub
tutorial covers the topic tree.

When you're ready to deploy to embedded hardware, the
Deploy to Nerves guide in the
bb docs has the production checklist.


  

    Calibrate the Arm

mix bb_so101.calibrate PORT writes a position offset to each servo so that
the joint's mechanical centre corresponds to 0 rad in the BB DSL. Run it
after assigning IDs, and any time you remount a servo horn or replace a servo.
Usage
mix bb_so101.calibrate /dev/ttyUSB0
mix bb_so101.calibrate /dev/ttyUSB0 --dry-run
mix bb_so101.calibrate /dev/ttyACM0 --baud-rate 500000

	Argument	Default	Description
	PORT	required	Serial port for the Feetech bus
	--dry-run / -n	off	Compute and display offsets without writing
	--baud-rate / -b	1000000	Servo bus baud rate

How it works
	Torque is disabled on every servo so the arm can be moved freely.
	The task polls all six servos in a loop and updates a live display of the
min/max raw position observed for each joint.
	You move every joint through its full mechanical range — both extremes
for each revolute joint, all the way open and all the way closed for the
gripper. Don't be subtle; push to the actual mechanical limits.
	Press Enter when you're done.
	For each joint, the task computes the midpoint of the observed range,
converts it to the servo's signed-magnitude offset format, and writes it to
EEPROM. The new offset takes effect immediately.

Why this is needed: STS3215 servos have a 4096-step rotation and a factory
default that puts step 2048 at the centre of rotation. But "the centre of
rotation" doesn't necessarily coincide with the joint's mechanical centre —
horns get pressed on at whatever angle they happened to be at. The offset
shifts the servo's reported position so the mechanical centre reads as 2048
(and therefore 0 rad after BB's mapping).
Common adjustments
Preview before writing
Pass --dry-run (or -n) to see the computed offsets without touching
EEPROM. Useful as a sanity check, or when troubleshooting unexpected joint
behaviour.
mix bb_so101.calibrate /dev/ttyUSB0 --dry-run

Re-calibrating one joint
The task always reads min/max for all six joints. There's no per-joint flag.
The simplest workaround is to manually drive only the joint you care about
through its range and leave the others stationary — the offsets for the
untouched joints will be ±0, which is a no-op.
Different baud rate
Match whatever's currently on the bus:
mix bb_so101.calibrate /dev/ttyUSB0 --baud-rate 500000

Troubleshooting
One joint reports a tiny range
You didn't move it far enough. The min/max readout is live — exercise that
joint to both stops before pressing Enter.
Calibration "works" but the 3D model is still off
The offsets only correct mechanical misalignment. If the URDF in
bb_so101's topology doesn't match your specific arm (e.g. you swapped a
3D-printed bracket), no amount of calibration will reconcile that. Inspect
the generated lib/{App}/robot.ex and adjust link lengths or joint axes
manually.
The gripper feels backwards
The gripper actuator uses the joint's positive direction, which on a standard
SO-101 means "open". If your gripper closes when commanded to open, set
reverse?: true on the gripper actuator in the generated robot.ex:
actuator(
  :gripper_servo,
  {BB.Servo.Feetech.Actuator,
   servo_id: 6, controller: :feetech_controller, reverse?: true}
)
The other five joints have reverse?: true baked in already; the gripper
historically doesn't need it but kits vary.
When you don't need to recalibrate
	After a normal power cycle — offsets are stored in EEPROM and persist.
	After a mix bb_so101.calibrate itself — only run it again if something
changed mechanically.
	After updating bb_so101 to a new version — the offsets are per-servo, not
per-package version.



  

    Run in Simulation

bb_so101's generated application.ex reads the SIMULATE environment
variable on boot. When it's set to any non-empty value, the robot boots in
:kinematic simulation mode — no Feetech controller, no serial port, no
hardware required.
Start the server in simulation mode
SIMULATE=1 mix phx.server

The dashboard at http://localhost:4000 behaves exactly as it does with real
hardware, with two differences:
	BB.Sim.Actuator replaces BB.Servo.Feetech.Actuator. It publishes a
BeginMotion message with timing computed from the joint's velocity limit,
so the 3D view animates as the simulated arm "moves".
	The Feetech controller is omitted from the supervision tree. Anything that
inspects controllers (e.g. parameter bridges over the bus) will report it as
absent.

The safety system is still enforced: you must arm the robot before any
command is allowed to mutate joint state.
How it works
The generated application.ex looks like this:
defp robot_opts do
  if System.get_env("SIMULATE") do
    [simulation: :kinematic]
  else
    [params: [config: [feetech: [device: "/dev/ttyUSB0"]]]]
  end
end
When SIMULATE is set, the robot is started with simulation: :kinematic.
BB's supervisor reads that option and:
	Omits any controller with simulation: :omit set (which the Feetech
controller does in the generated robot).
	Replaces each actuator's module with BB.Sim.Actuator.

Everything else — kinematic chain, command system, parameters, PubSub topics —
runs unchanged.
Mixing simulation and real hardware
There's no built-in option to simulate some joints and drive others on real
hardware. If you need that, define a second robot module with the joints you
want to simulate (omit the actuators) and supervise both — Beam Bots is happy
to run multiple robots in one BEAM.
IEx, tests, and CI
You can drop SIMULATE=1 on any command that boots the application:
SIMULATE=1 iex -S mix         # interactive shell with the simulated arm
SIMULATE=1 mix run script.exs # one-off scripts against simulation

For tests and CI, the SIMULATE switch is usually unnecessary — tests that
need a running robot tend to start it explicitly with whatever opts they want
rather than relying on the application's child spec.
When simulation is enough
Use simulation for:
	Exercising command/state-machine logic before the arm is wired up
	Visual checks of the kinematic chain (link lengths, joint axes)
	Iterating on dashboard layouts and components
	Running CI without specialised hardware

When you do have hardware, switch back by dropping the env var — the same
project boots against the real arm without any code changes.


  

    Set Up Servo IDs

mix bb_so101.setup_servos PORT is an interactive wizard that assigns the six
SO-101 servo IDs in turn. Use it the first time you wire up an arm, or any time
you replace a servo.
Usage
mix bb_so101.setup_servos /dev/ttyUSB0
mix bb_so101.setup_servos /dev/ttyACM0 --baud-rate 500000

	Argument	Default	Description
	PORT	required	Serial port for the Feetech bus
	--baud-rate	1000000	Servo bus baud rate
	-b	alias	Short form of --baud-rate

How it works
The wizard processes one joint at a time, in this order:
	shoulder_pan → ID 1
	shoulder_lift → ID 2
	elbow_flex → ID 3
	wrist_flex → ID 4
	wrist_roll → ID 5
	gripper → ID 6

For each joint the wizard:
	Asks you to connect a single servo to the controller (disconnect all
others).
	Broadcasts a discovery query and reports the ID of whatever servo it
finds.
	Asks you to confirm, then writes the target ID to the servo's EEPROM and
verifies by re-reading it back.
	Prompts you to disconnect that servo before continuing to the next.

Once all six are programmed, daisy-chain them back together and reconnect to
the controller.
Common adjustments
Servo already has the right ID
Skip it. The wizard's "skip" option leaves the servo unchanged and moves on.
One servo of a known ID
If you only need to re-program one servo (e.g. a replacement gripper servo),
connect it alone, run the wizard, and skip the joints whose servos are already
correct.
A custom baud rate
If you've changed the bus speed away from the 1 Mbaud default (e.g. via the
Parameters panel of the dashboard), pass --baud-rate so the wizard can talk
to the servo:
mix bb_so101.setup_servos /dev/ttyUSB0 --baud-rate 500000

Troubleshooting
"No servo found on the bus"
	Check that only one servo is connected — the wizard scans by broadcast,
so multiple servos will all reply and confuse the discovery step.
	Confirm the serial adapter shows up as the path you passed
(ls /dev/ttyUSB* or ls /dev/ttyACM*).
	Verify the servo has power and is fully wired (TX/RX swapped is the usual
cause).

"ID write failed verification"
The write happens but the read-back doesn't match. Usually a flaky cable or
brown-out on the power supply during the write. Retry; if it persists, the
servo's EEPROM may be locked — power-cycle the bus and try again.
Next: calibrate
Once IDs are assigned, calibrate the arm so that each
joint's mechanical centre maps to 0 rad.
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Calibrates servo range of motion by having the user manually move the arm
through its full range while tracking min/max positions for all joints.
Usage
mix bb_so101.calibrate PORT [OPTIONS]
Arguments
	PORT - Serial port (e.g., /dev/ttyUSB0 or /dev/ttyACM0)

Options
	--baud-rate, -b - Baud rate (default: 1000000)
	--dry-run, -n - Show what would be done without writing offsets

Process
	Disables torque on ALL servos so you can move the arm freely
	Move every joint through its FULL range of motion
	The display shows live min/max tracking for each joint
	Press Enter when done
	Calculates mechanical center for each joint
	Sets position_offset so center corresponds to 0 radians

Example
mix bb_so101.calibrate /dev/ttyUSB0
mix bb_so101.calibrate /dev/ttyUSB0 --dry-run

      




  

    
mix bb_so101.install 
    



      
Installs an SO-101 robot definition into a project
Composes bb.install to scaffold a robot module + supervision, fills in the
full SO-101 6-DOF topology, and wires the Feetech servo bus via
bb_servo_feetech.install.
The generated application.ex includes a robot_opts/0 helper that boots
the robot in :kinematic simulation mode when the SIMULATE environment
variable is set, and otherwise points it at the configured serial device.
To add a live dashboard, run mix igniter.install bb_liveview after this
task.
Example
mix igniter.install bb_so101
mix igniter.install bb_so101 --robot MyApp.Arm --device /dev/ttyACM0

# Run the generated app in simulation mode (no hardware needed)
SIMULATE=1 iex -S mix

Options
	--robot - Robot module name (defaults to {AppPrefix}.Robot)
	--device - Serial device path (default /dev/ttyUSB0)


      




  

    
mix bb_so101.setup_servos 
    



      
Interactive wizard to configure servo IDs for the SO-101 robot arm.
This task guides you through connecting each servo one at a time and
assigns the correct ID for each joint position. Servos typically ship
with a default ID of 1, so this process ensures each servo gets a unique
ID matching its position in the kinematic chain.
Usage
mix bb_so101.setup_servos PORT [OPTIONS]
Arguments
	PORT - Serial port (e.g., /dev/ttyUSB0 or /dev/ttyACM0)

Options
	--baud-rate, -b - Baud rate (default: 1000000)

Joint Configuration
The SO-101 arm has 6 joints, each requiring a unique servo ID:
	Joint	Servo ID	Description
	shoulder_pan	1	Base rotation
	shoulder_lift	2	Shoulder up/down
	elbow_flex	3	Elbow bend
	wrist_flex	4	Wrist up/down
	wrist_roll	5	Wrist rotation
	gripper	6	Gripper open/close

Process
The wizard will:
	Ask you to connect only ONE servo at a time to the controller board
	Scan using broadcast ID to find the connected servo
	Set its ID to the correct value for that joint
	Verify the new ID works
	Repeat for each of the 6 joints

Example
mix bb_so101.setup_servos /dev/ttyUSB0
Tips
	Start with all servos disconnected from the bus
	Connect servos one at a time as prompted
	Ensure the power supply is connected to the controller board
	You can skip already-configured servos by pressing 's'


      




  OEBPS/dist/epub-4WIP524F.js
(()=>{var s=document.querySelector.bind(document),o=document.querySelectorAll.bind(document);function r(e){document.readyState!=="loading"?e():document.addEventListener("DOMContentLoaded",e)}var l="hll";window.addEventListener("exdoc:loaded",t);function t(){o("[data-group-id]").forEach(e=>{e.addEventListener("mouseenter",i),e.addEventListener("mouseleave",i)})}function i(e){let n=e.currentTarget,a=e.type==="mouseenter",c=n.getAttribute("data-group-id");n.parentElement.querySelectorAll(`[data-group-id="${c}"]`).forEach(u=>{u.classList.toggle(l,a)})}r(()=>{t()});})();




