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eclipse muto
an adaptive framework and a runtime platform for dynamically composable 
model-driven software stacks for ROS

Muto Agent Muto Composer Muto Dashboard

icons made by bqlqn from flaticon.com
Icons made by freepik from flaticon.com

Challenges

Bottom up
Closed & proprietary

Builtin biases
Hardwired & static
Built for a purpose

Response

Model driven
Open

Contextual
Dynamic & Live

Adaptive & Extensible

Agent Plugins

Command
Telemetry

Twin

Composer Plugins

Compose, Validate, 
Verify, Provision, 
Launch, Adapt

LiveUI Components

Dynamically assembled 
widgets for models, 

edge devices, telemetry 
and much more

https://www.flaticon.com/authors/bqlqn
https://www.flaticon.com
https://www.freepik.com
https://www.flaticon.com
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Digital Twin Services
(muto cloud)

Muto

Edge Hardware

Linux

ROS

Muto
(agent + composer)

ROS Applications and 
Services

Ditto for Muto

http://sandbox.composiv.ai

Muto Dashboard

https://dashboard.composiv.ai

Digital Twins
(eclipse ditto)

Devices & 
Stacks

mqtt

httphttp

mqtt
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*A digital twin is a virtual representation that serves as 
the real-time digital counterpart of a physical object or a 

process.

muto uses ditto for  
stack and vehicle 
digital twins*

stack vehicle

This diagram is reproduced from https://www.eclipse.org/ditto 

icons made by bqlqn from flaticon.com
Icons made by freepik from flaticon.com

https://www.eclipse.org/ditto
https://www.flaticon.com/authors/bqlqn
https://www.flaticon.com
https://www.freepik.com
https://www.flaticon.com
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Stack
A dynamic model of ROS 
software running on a device
“a deployment manifest”

By Example

sensors perception planning control

LIDAR

RADAR

CAMERA

GNSS

DETECTION

LOCALIZATION

LANE

SIGN

OBJECTS

…

ROUTE

BEHAVIOR

…

PID

MPC

…

MAPS
…

{
"name": "Muto Example Stack",
"stackId": ”muto:example",
"arg": [ … ],
"param": […],
”stack": […],
"node": […]
}
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Stack

Stack Model 

● Follows ROS constructs
○ args/params/nodes/topics/…

● Modular 
○ reference other stack “things”
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Function Blocks

Vehicle
Associate a stack with a vehicle and 
manage its lifecycle

ROS State (nodes/topics/params)

Telemetry and sensor metadata

 Class diagram for things from 
https://www.eclipse.org/ditto

https://www.eclipse.org/ditto
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more Stack …
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Agent
● Edge Gateway

● A runtime ROS component
○ Device authentication and activation

● Plugins
○ Commands: Stack Management
○ Commands: ROS 
○ Commands: Telemetry

● Asynchronous connection protocol 
● relay messages to plugins 
○ Telemetry Streams

Edge Device

mqtt

ROS Underlay

Muto Overlay

Muto Agent

ROS API ROS Libraries

Muto Composer

Vehicle

Topics
twin/live channels
commands/messages
Events

/:thingId/telemetry/odom

/:thingId/activate/:stackId

stack

muto topics

Managed Stack
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Composer
● Orchestration middleware

○ Workflow
○ Adapt stack (models)
○ Component lifecycle

● Plugins
○ Compose: ROS Graph Algebra
○ Compose: Validate 
○ Compose: Verify
○ Compose: Provision
○ Compose: Launch
○ Compose: Adapt

Foo Stack

nodenodeFoo node /foo
Aux node

/aux

ROS Underlay

Muto Overlay

Muto Agent

ROS API ROS Libraries

Muto Composer

muto topics

Bar Stack

nodenodeBar
node /bar

Managed Stack

1

2

3

4
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Extensible Dynamic Workflows
  flow:
      - name:  start
        pipeline:
          - service: muto_compose
            plugin: ComposePlugin
          - service: muto_validate
            plugin: ComposePlugin
          - service: muto_verify
            plugin: ComposePlugin
          - service: muto_provision
            plugin: ComposePlugin
          - service: muto_start_stack
            plugin: ComposePlugin
          - service: muto_adapt
            plugin: ComposePlugin
        compensation:
          - service: muto_kill_stack
            plugin: ComposePlugin
  
      - name:  stop
        pipeline:
          ..
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Muto
Plugins
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Adaptive Stacks (Model Driven)

Existing 
ROS 
Stack

Muto
Stack
(View)

Metamodel
(low-level Viewpoint)

Reverse engineer

represents

Metamodel 
Driven
(Extensible)

Conforms to

Varolan 
Sistemler

Initial
Muto Stack

(View)

Metamodel
(Function-Level 

Viewpoint)
(Extensible)

represents

Metamodel 
Driven

Conforms to

Metamodel
(context-level 

Viewpoint)
(Extensible)

Adapted Muto
Stack
(View)

Conforms to

Adapt 
(plugin)

Metamodel 
Driven

Runtime 
Platform

Existing 
ROS 
Stack

com
poser

A B
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Runtime
Context (Metadata Driven)

Stack Instance
(Active Running Model)

Stack Library of Models

Stack Type

Capability

Quality Attributes

Constraints

muto

Sensor

1..* variants * replaced by

* compatible

detection 

0..* 

realizes

0..* realizes

0..* satisfies

0..* realizes

0..* 

realizes

“Model”

Contextual Adaptation
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Stack 

LifecycleAdaptation

Graph Algebra Safety

Constraint Programming Security

Group

Node 
(ros,ui,wf)

params

Topic

Transforms

ROS

Muto 
Agent

Muto 
Composer

Cloud

Muto
Dashboard

Digital
Twins
(ditto)

Metadata

Actions

State

topics

services

Capabilities Constraints

Machine Learning

XAI - Explanations

Context Scoring & 
Detection

Message Types

Parameters Nodes

Adaptation
Plugins

Persistence 
(hydration)

muto runtimes

Mapping

Overview

Orchestration

async Managed 
Stack

mqtt/http

Ontologies

icons made by bqlqn from flaticon.com
Icons made by freepik from flaticon.com

https://www.flaticon.com/authors/bqlqn
https://www.flaticon.com
https://www.freepik.com
https://www.flaticon.com
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Muto Agent
● A runtime ROS component

○ Vehicle(device) authentication and 
activation

● Gateway to edge
○ remote management capabilities

■ i.e. eclipse ditto twins
○ Cloud to ROS

● Bidirectional (cloud <-> edge)
○ Relays messages to Composer for 

stack lifecycle management 
○ Streams edge device information

● Asynchronous Edge Device

Muto Twins (Ditto)

ROS Underlay

Muto Overlay

Muto Agent

ROS API ROS Libraries

Muto Composer

Vehicle

Topics
twin/live channels
commands/messages
Events

/:thingId/telemetry/odom /:thingId/activate/:stackId

stack

muto channel

stack channel

Managed Stack
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Edge Device

Muto Composer

● A runtime ROS component
● Composes and manage

○  life cycle of ROS nodes
○ defined by the Stack (model)

● Node graph algebra
○ Stack introspection
○ Stack diff
○ Node Lifecycle actions
○ Interact with Param server

Foo Stack

nodenodeFoo node /foo
Aux node

/aux

ROS Underlay

Muto Overlay

Muto Agent

ROS API ROS Libraries

Muto Composer

muto channel

stack channel

Bar Stack

nodenodeBar
node /bar

Managed Stack

1

2
3

4
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Muto Dashboard
● Centralized management

○ Extensible and modular
○ μFrontends
○ Muto LiveUI

● Exemplars
○ ROS Inspection
○ Vehicles
○ Stack & Lifecycle Management
○ Telemetry
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Muto Dashboard
● Centralized management

○ Extensible and modular
○ μFrontends
○ Muto LiveUI

● Exemplars
○ ROS Inspection
○ Vehicles
○ Stack & Lifecycle Management
○ Telemetry

https://docs.google.com/file/d/1i9rgthd1rYDwlByNJb2mFtsZNt8PIFNE/preview
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https://docs.google.com/file/d/1Cem3AKKlqLc-a6jh4j3ECGIM2ueopSpe/preview
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muto liveUI
LiveUI helps you divide a monolithic 
frontend into smaller, more 
manageable micro frontends. 

There is no magic, LiveUI allows you 
to split and manage your codebase, 
teams, release processes and 
runtimes independently

Composable at Runtime! LiveUI has the ability to 
change UI while its running 
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Framework Support
LiveUI is  general purpose, framework and bundler agnostic. 

LiveUI works with 

● React.js
● React Native
● Vue.js
● NativeScript

You can use with the bundler of your choice such as Webpack, 
Metro and others. It will reuse support from the underlying stack 
such as the upcoming Module federation from webpack 5 
automatically, or default to its own.
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f1tenth examples

f1tenth examples are 
used as a demonstration 
of eclipse muto

● Educational resource
● Support latest 

algorithms and 
hardware

https://f1tenth.org/
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Independently Deployed

Micro Frontend -1

Micro Frontend -3

Micro Frontend -2

MF - 1

MF - 2

MF - 3

MF - 1 MF - 2

MF - 3

Test & Build pipeline Production 3 apps composed into 
one in production

diagram reproduced from https://martinfowler.com/articles/micro-frontends.html
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https://eclipse-muto.github.io/docs/
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EclipseCON 2022
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Thank you !

● projects.eclipse.org/projects/autom
otive.muto

○ https://eclipse-muto.github.io/docs/ 
○ github.com/eclipse-mutonaci.dai@composiv.ai

deniz.memis@composiv.ai

https://projects.eclipse.org/projects/automotive.muto
https://projects.eclipse.org/projects/automotive.muto
https://github.com/eclipse-muto
mailto:naci.dai@composiv.ai

