
1 

Cooperative Passivity-Based Control 
for End-Effector Synchronisation 

Oscar de Groot, Tamás Keviczky, Laurens Valk 
Delft University of Technology 

Presenter
Presentation Notes
Welcome everyone,

Thanks for attending my final colloqium. In the next half an hour I will be talking about my thesis work on cooperative r-passivity-based control.
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Outline 
• Introduction 
• Passivity 
• Cooperative r-Passivity-Based Control 
• Experimental Results 
• Conclusions 

 
 
 
 

Presenter
Presentation Notes
So briefly, I will start with introducing the topic and its relevance. Then I will be going into the concept of the methodology after which I will show some practical results and finally concluding the talk. (and then there is some time for questions)
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Our Objective 
Synchronise end-effectors of mechanical systems in general 

environments.  
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Presenter
Presentation Notes
Now that we understand the title, let us look at the objective of this work. ….
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Synchronise end-effectors of mechanical systems in general 
environments.  

Presenter
Presentation Notes
Package delivery with multiple drones
Loading and unloading of goods onto
Autonomous vehicles
Drones
…
Docking of space station parts
Automated EV chargers
…

Now that we understand the title, let us look at the objective of this work. ….
[here] We want to interconnect controllers of arbitrary mechanical systems. Mechanical systems are systems that relate somehow to mechanical motion, such as the systems on this slide. If we can interconnect these systems then we may come up with new applications for existing systems.


Quadrotor: https://www.google.com/url?sa=i&source=images&cd=&ved=2ahUKEwjG0JfU4ajmAhUOY1AKHT8vCfQQjRx6BAgBEAQ&url=https%3A%2F%2Fwww.directindustry.com%2Fprod%2Fxamen-technologies%2Fproduct-161858-1669684.html&psig=AOvVaw214EJYGNY_nVfqLklhj7Vi&ust=1575987651829716
[5] Source: https://www.generationrobots.com/en/203-elisa-3
[6] Source: https://www.franka.de/technology �Vehicle: https://www.google.com/url?sa=i&source=images&cd=&ved=2ahUKEwjG_reb4qjmAhUGJVAKHcGLCMwQjRx6BAgBEAQ&url=http%3A%2F%2Fautonews.gasgoo.com%2Fm%2FDetail%2F70013182.html&psig=AOvVaw0W8mx-QIPdOhpdfFEoOo_n&ust=1575987753408032
https://www.google.com/url?sa=i&source=images&cd=&ved=2ahUKEwjg5YWp5KjmAhWFbFAKHdawD0wQjRx6BAgBEAQ&url=https%3A%2F%2Fwww.generationrobots.com%2Fen%2F402093-kuka-youbot-robot-mobile-omni-directionel-avec-bras.html&psig=AOvVaw3Y9cI3ce_C7xXAWo3vKppL&ust=1575988355206300
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Our Objective 
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Presentation Notes
Now that we understand the title, let us look at the objective of this work. ….
[here] We want to interconnect controllers of arbitrary mechanical systems. Mechanical systems are systems that relate somehow to mechanical motion, such as the systems on this slide. If we can interconnect these systems then we may come up with new applications for existing systems.
[here] In this work we consider cooperative tasks related to the position of systems, more specifically we consider consesus, where systems meet in a specific location and formations, where agents reach a specified configuration. There are more possible cooperative tasks, but we are focussed on these.
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Possible applications 
• Sort and packing problems 
• Multi-vehicle package delivery 
• Autonomous platoons 
• Spacecraft alignment 
• … 
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The approach 
Cooperative Passivity-Based Control 

Communication 

Agent 

Introduction 

Cooperative rPBC 

Passivity 

Experimental 
Results 

Conclusions 

Presenter
Presentation Notes
Let me start with introducing the title sentence. Cooperative passivity-based control is a recent merger of two control fields. On one hand we have 
Cooperative control where we control the behaviour of multiple systems instead of a single system in which we 
Let the agents talk to each other by exchanging information over a communication network (such as wifi, Ethernet, etc.)
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The approach 
Cooperative Passivity-Based Control Problem Definition 

IDA-PBC 

Network Scheme 
Agent Scheme 
Simulation Results 

Presenter
Presentation Notes
The current state of hardware allows for deployment of multiple small systems in applications where typically single systems are employed.

Moreover, in an environment with more and more autonomous agents we would like our systems to be able to cooperate with other systems and humans safely. This even gives rise to new applications where robots work together.
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The approach 
Cooperative Passivity-Based Control Problem Definition 

IDA-PBC 

Network Scheme 
Agent Scheme 
Simulation Results 

• Zero energy → Control objective 
 

Presenter
Presentation Notes
The current state of hardware allows for deployment of multiple small systems in applications where typically single systems are employed.

Moreover, in an environment with more and more autonomous agents we would like our systems to be able to cooperate with other systems and humans safely. This even gives rise to new applications where robots work together.
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Passivity 

Presenter
Presentation Notes
So before introducing the developed scheme I first give an overview of some existing results.
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Notion of Passivity 
 
 

Supplied energy is either stored or dissipated 
 

 
 

�̇�𝑉 + 𝑆𝑆 = 𝝉𝝉𝑻𝑻𝒚𝒚 
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 𝝉𝝉𝑇𝑇𝒚𝒚 
 

𝑆𝑆 𝑉𝑉 

Presenter
Presentation Notes
So I will first explain the concept of passivity which is central to the method. Systems in general have an input, which we compute for control and an output which tells us something about the system state. For passive systems we can come up with a function of the stored energy and the dissipated energy as a function of the system state. The energy supplied to the system is then either stored or dissipated. So looking at the equation on the bottom of the slide we can say that

Note on physical vs virtual power/energy
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Cooperative Control 
• No energy supply 
 �̇�𝑉 = −𝑆𝑆 ≤ 0 (Lyapunov) 
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Presenter
Presentation Notes
So for the control technical people here. Relating this to Lyapunov theory we note that for zero supplied energy, the storage function is a Lyapunov candidate. Hence if we interconnec
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Presentation Notes
So for the control technical people here. Relating this to Lyapunov theory we note that for zero supplied energy, the storage function is a Lyapunov candidate. Hence if we interconnect systems than there is no external input and the energy in the system is fully dissipated! So in this example we have two agents connected to each other and we see the energy of both systems decreasing, which is the central idea for cooperative passivity-based control.

Minder wiskundig
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Cooperative Control 
• No energy supply 
 �̇�𝑉 = −𝑆𝑆 ≤ 0 (Lyapunov) 
 
• Zero energy → Cooperative control objective 
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Minder wiskundig
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PBC with Delays 
Introduction 

Cooperative rPBC 

Passivity 

Experimental 
Results 

Conclusions 

• What if delays are present? 

Presenter
Presentation Notes
With delays the same idea does not work however.
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• No description of the energy in the network. 

PBC with Delays 
Introduction 

Cooperative rPBC 
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Experimental 
Results 

Conclusions 

? 

Presenter
Presentation Notes
Mainly because the signals send into the network do not directly leave it but we cannot say anything about the power in the network with normal signals.
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• No description of the energy in the network. 
 

• Solution: Convert network signals to energy packages 

PBC with Delays 
Introduction 
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Conclusions 

Presenter
Presentation Notes
A well known solution is to convert these signals into packets of energy, which solves said problem.
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• Convert network signals to energy packages using the 
Scattering Transformation (ST) 

Scattering Transformation 
Introduction 

Cooperative rPBC 

Passivity 

Experimental 
Results 

Conclusions 

Presenter
Presentation Notes
In fact this is called the scattering transformation which we can place on both sides of the network.
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PBC with Delays 
• Output synchronization: 
 lim

𝑡𝑡→∞
𝒚𝒚𝒋𝒋 𝑡𝑡 − 𝑇𝑇𝑗𝑗𝑗𝑗 − 𝒚𝒚𝒊𝒊 = 𝟎𝟎 

Introduction 

Cooperative rPBC 

Passivity 

Experimental 
Results 

Conclusions 

Presenter
Presentation Notes
We achieve synchronisation of outputs.

Energie = 0 = goed.
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Cooperative  
r-Passivity-Based Control 

Presenter
Presentation Notes
So now we move to the new scheme, called r-passivity-based control
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Output Selection 

Introduction 

Cooperative rPBC 

Passivity 

Experimental 
Results 

Conclusions 

Presenter
Presentation Notes
which is all based around the selection of the outputs of the agents.
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Output Selection 
• Synchronisation of end-effector coordinates Problem Definition 

IDA-PBC 

Network Scheme 
Agent Scheme 
Simulation Results 

Presenter
Presentation Notes
In fact for cooperation we want to synchronise the end-effector coordinates which relate to the useful part of a robot in a given scenario. So for a robotic arm, it is the end point which effects the environment.

Duidelijk niet duidelijk (miss local dr bij)
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Output Selection 

• Passive outputs contain velocities 
 
 

 

Potential Energy 

Kinetic Energy 
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Presenter
Presentation Notes
We do however need passive outputs that can observe the energy in the system.

https://www.google.com/url?sa=i&source=images&cd=&ved=2ahUKEwjRg52drK3mAhXvN-wKHe-nCo0QjRx6BAgBEAQ&url=https%3A%2F%2Fserpmedia.org%2Fscigen%2Fe1.3.html&psig=AOvVaw3oUTjCJibt7cakc0W7dGmB&ust=1576145105741568
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• Passive outputs contain velocities 
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Presenter
Presentation Notes
But looking only at the coordinates of the pendulum is not enough to find the energy in the system. And therefore we cannot use the coordinates only as output.

Minder tekst!
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