Modlinker - Mark Dombrowski talk

Video at https://youtu.be/mnHPh3iukNU

Introduction of Mod Linker: Mark Dombrosski introduced a project called "Mod
Linker," which aims to provide an alternative, modular methodology for constructing
complex hardware systems like robots. Mark shared their professional background
as a computer scientist with experience in defense simulations and semiconductor
reliability testing, noting that the project was developed to help makers overcome
the tendency to "stall out" during the electronics design phase of robotics projects
(00:04:14).

Challenges in Robotics Development: Mark identified that robotics remains
difficult because it requires mastery of multiple, disparate disciplines including
electronics, firmware, software, and mechanical design. Individuals working on
hobby projects often struggle with creating disorganized, "tangled" wire systems
and face significant friction when trying to integrate various off-the-shelf modules
without a structured system (00:09:51).

Mod Linker Design Goals: The goals for the Mod Linker system are to create a
modular, scalable architecture that is easy to use, share, and replace. The design
prioritizes a high-level approach to system engineering to prevent developers from
getting lost in module-level details, supports team-based collaboration, and
ensures cross-platform compatibility across Windows, Mac, and Linux (00:14:35).

Technical Architecture and Implementation: The system is built on Python and
MicroPython using the Raspberry Pi Pico microcontroller family, chosen for its cost-
effectiveness, dual-core capabilities, and extensive documentation. The core of the
system is a custom communication protocol that uses a chainable, serial-based
interface, allowing developers to connect multiple microcontrollers and treat them
as distinct modules rather than forcing all logic into a single unit (00:17:14)
(00:22:43).

Module Definition and Discovery Tooling: Mod Linker redefines modules by pairing
a microcontroller with its drivers, allowing each module to "know" its own interface.
A dedicated discovery tool can query a module to automatically populate a
graphical user interface for controlling it and can dynamically generate the
necessary Python driver classes, removing the need for developers to write drivers
manually (00:27:09) (00:35:11).
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Dynamic Addressing and Chaining: The system utilizes dynamically assigned
addressing, allowing modules to be daisy-chained together with a simple four-wire
cable. This architecture supports referencing modules by unique IDs, nhames, or
aliases, which allows developers to organize complex systems by treating individual
robot components—such as a neck, arm, or hand—as manageable, independent
units (00:40:17).

Project Development Process: To create a module, developers define an interface
file listing required names, versions, and commands (two-way communication) or
messages (one-way broadcast). The toolchain then generates a VS Code project
framework containing the necessary Python code, including a constructor for setup
routines and a process idle function for the main loop, which functions similarly to
Arduino programming (00:47:43) (00:57:45).

Beta Testing and Availability: Mark is currently seeking beta testers to help debug
the system and develop new modules. While the code is not yet on GitHub, there
are plans to release it publicly following the feedback phase, and members who are
interested in serving as "guinea pigs" to help refine the system are encouraged to
reach out (00:46:20).

Module Code Generation and Template Setup: Mark explains that the system
simplifies module development by automatically generating template code,
allowing users to focus on defining specific functionalities rather than managing
interface protocols. This generated code includes the necessary logic to handle
communication, argument parsing, and debugging, which helps developers get a
starting point for their projects (00:59:26).

Dual-Core Processing Utilization: Mark notes that the system automatically
leverages the dual-core capability of the Pico microcontroller. By dedicating one
core to protocol handling and data stream processing, the system ensures that
module operations run on the secondary core without being interrupted by
communication traffic (01:04:13).

Blink Module Example: Mark presents a blink module to demonstrate the
framework. The implementation uses a helper class called "ML ticker" to manage
timing for tasks, enabling developers to set specific rates for different functions.
This approach allows users to control multiple processes, such as blinking an LED,
by checking the ticker during the main loop (01:05:40).

Modularity and Reusability: Mark highlights the reusability of the system,
explaining that developers can design modules with a standardized interface. This


https://docs.google.com/document/d/1aiIvhHZaaQvek_ce-3bPIDbaD8cKbLzlEKYp0kFBguM/edit?tab=t.193jk7dxz8xg#heading=h.g4viu5azb4cx
https://docs.google.com/document/d/1aiIvhHZaaQvek_ce-3bPIDbaD8cKbLzlEKYp0kFBguM/edit?tab=t.193jk7dxz8xg#heading=h.896vtnxcl2b8
https://docs.google.com/document/d/1aiIvhHZaaQvek_ce-3bPIDbaD8cKbLzlEKYp0kFBguM/edit?tab=t.193jk7dxz8xg#heading=h.ol4h9ugg9ew1
https://docs.google.com/document/d/1aiIvhHZaaQvek_ce-3bPIDbaD8cKbLzlEKYp0kFBguM/edit?tab=t.193jk7dxz8xg#heading=h.44bb8vwpdwe
https://docs.google.com/document/d/1aiIvhHZaaQvek_ce-3bPIDbaD8cKbLzlEKYp0kFBguM/edit?tab=t.193jk7dxz8xg#heading=h.zoaxcb2sh84
https://docs.google.com/document/d/1aiIvhHZaaQvek_ce-3bPIDbaD8cKbLzlEKYp0kFBguM/edit?tab=t.193jk7dxz8xg#heading=h.oqbv5dbbyabn
https://docs.google.com/document/d/1aiIvhHZaaQvek_ce-3bPIDbaD8cKbLzlEKYp0kFBguM/edit?tab=t.193jk7dxz8xg#heading=h.ta8tiz3i9eu9

allows for hardware changes, such as upgrading motor drivers, without needing to
rewrite the high-level control code. The system supports classroom or team
environments where members can independently build and test modules before
integrating them into a larger project (01:08:23).

Future Platform and Language Support: Mark discusses plans to expand the
system beyond the current Pico and MicroPython implementation. Future goals
include adding support for the ESP32 microcontroller and developing a C++ version
of the framework to provide increased speed while maintaining the same backend
protocol and communication scheme (01:11:58).

Logging and Plotting Features: Mark describes the integration of a multi-level
logging system and a plotting system. Unlike standard serial streams that lock the
port, this system is integrated into the protocol, allowing users to define data types,
name plots, and turn them on or off without blocking other communications
(01:15:09).

Persistent Configuration Storage: Mark explains that the protocol includes support
for persistent, non-volatile memory storage. This allows configuration settings, such
as PID parameters for motor control or specific blink rates, to be saved and
automatically recalled upon rebooting the module (01:17:19).

Communication Architecture: Commands, Messages, and Events: Mark defines
three communication styles: Commands (remote procedure calls thatreturn a
value), Methods (messages sent without a response), and Events (emitted by
modules). Events facilitate peer-to-peer communication, enabling modules to react
autonomously—such as stopping a motor when a stall event is detected—without
waiting for the master controller (01:18:36).

Packet-Based Protocol Management: Mark details that the system uses a packet-
based protocol managed over the serial interface. The internal system automatically
handles traffic flow, prevents collisions, and ensures that individual devices do not
overload the chain (01:26:50).

System Topology and Multi-Master Support: Mark explains the master-slave
concept, noting that each chain requires a master to initiate commands. While the
system uses two UARTs on the Pico, it leaves other interfaces, such as 12C and SPI,
available for use. Additionally, users can create multiple independent chains, each
with its own master controller (01:28:21).

Dynamic Addressing and Token Logic: Mark describes the dynamic addressing
scheme, where modules boot with an address of -1 and wait for a ping from the
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master. The master then sends address tokens down the chain; these tokens are
consumed by the first unaddressed device to assign it an ID, effectively and
automatically addressing all connected modules (01:35:02).

Documentation and Testing Opportunities: Mark mentions that the system is not
yet publicly released on GitHub, as documentation needs to be completed. A call is
made for club members to act as "guinea pigs" and assist in refining the system,
with the goal of an official release in approximately one month (01:38:38).

Future Wireless Expansion: Mark outlines plans to expand the system's
capabilities, specifically aiming to support the wireless version of the Pico to
eliminate the need for hardwired serial connections between the master controller
and the modules (01:39:43).

Control Program Rewrites: Mark outlined plans to rewrite the main control
programs for code generation and display, shifting from wxPython to Tkinter. This
transition aims to remove dependencies, improve portability, and ensure better
functionality on platforms like the Raspberry Pi (02:03:28). Additionally, Mark
intends to implement command-line tools using the "textual" library to support
headless systems, allowing for full operation without a graphical user interface
(02:05:11).

Discovery Tool Feature Enhancements: Mark plans to update the discovery tool to
include support for configuration parameters, which will allow users to enter and
store parameters directly on the board for persistent storage (02:05:11). Other
planned enhancements include an improved plotting system that allows for
multiple, user-definable plots per module that can be toggled without cluttering
protocol traffic, as well as more granular control over logging levels (02:06:33).

Protocol Support for Multiple Return Values: Mark indicated an intention to
update the communication protocol to support complex, multiple return values.
Currently, command returns are limited by Python function structures, but the
protocolitself is designed to handle mixed data, and the update will allow users to
define and return structures (02:07:42).

Development Board Design and Power Management: The development board is
designed to function as a central hub for robotics, accepting a 6-to-30-volt power
input (02:10:08). It includes a 3-amp, 5-volt switching power supply to power
peripheral components like servos, eliminating the need for users to add separate
regulators (02:11:45). Mark designed the board to be a "hat" system that simplifies
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wiring by allowing users to feed high voltage directly to motor controllers while the
board handles the necessary lower-voltage regulation (02:16:05).

Daisy-Chaining and Voltage Requirements: Mark explained that the system
supports daisy-chaining modules, which allows for powering low-power devices,
such as sensors, through the daisy-chain connection rather than the high-power
line. While the board does not have a separate 3.3-volt regulator, it utilizes the 3.3-
volt supply from the Pico itself, which is typically sufficient for module components,
while the 5-volt regulator is included to accommodate modules that communicate
via 3.3-volt logic but require 5-volt power (02:13:01).

Hardware Standardization and Educational Utility: Mark intends to share the Easy
EDA projects publicly to serve as an educational resource, enabling others to learn
PCB design by using pre-established schematics and layouts as a starting point
(02:21:07). The prototype boards are designed with labeled pin mappings on the top
and bottom to facilitate easy assembly and wiring for others (02:18:11).
Furthermore, the connectors were upgraded to larger cables to better
accommodate the system's power requirements (02:19:28).

Hardware Assembly Techniques: For assembly, Mark uses a solder mask template
to apply paste by hand and then uses a hot plate to solder the components
(02:26:07). Regarding the PCB design, traces for power are made with thicker, wider
lines, and all grounds are connected to a common ground plane, simplifying power
and signal distribution across the board (02:23:09).

MicroPython Optimization: To improve performance and reduce overhead, Mark
compiles a custom version of MicroPython for the Pico project (02:26:07). By
embedding helper classes and the main protocol class directly into the MicroPython
binary, the system achieves faster execution and reduces the distraction of
managing external library dependencies (02:27:24).

Future Wireless Communication: Currently, the system auto-detects whetheritis
communicating over USB or serial connections. Mark plans to implement wireless
support, such as Wi-Fi or Bluetooth, in the future, allowing the discovery tool to
connect and configure robots remotely without the need for tethered cables
(02:28:47).

Call for Volunteers: Mark is seeking volunteers to serve as "guinea pigs" to build
modules and test the system, helping to identify subtle flaws in the hardware and
software integration. Interested participants can contact Mark via email at
mark@dombrowski.com or through Discord (02:31:29).
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