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INTRODUCTION Where Cooperative Path Following used for ?

“Go to Formation” A fleet of vehicles maneuvering to 
geotechnical acoustic surveys at sea 

(artist´s rendition - EC WiMUST project)
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INTRODUCTION Why Logic Based Communication ?

5m/s

5m/s

Fact 2:

However, sometimes it is not

necessary to communicate. For

example, if we start at the same initial

position and keep running with the

same speed.Fact 1:

To achieve coordination, must

have communication among

vehicles. Event Triggered communication 
(Just talk when it is truly necessary)
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INTRODUCTION What is Cooperative Path Following ?

Objectives:

1. All vehicles converge to their assigned paths

2. Path parameters reach consensus, i.e

3. Path parameters run with a common desired 

speed profile  
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PATH FOLLOWING Tools to solve

Objectives:

1. Derive the vehicle converge to the path

2. Derive the path parameter such that its speed asymptotically 

converge to a desired speed profile

Tools

Nonlinear Control
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Path Following Controller- Method 1

PATH FOLLOWING Method 1 – Formulate PF error in the body frame 

Idea: Formulate path following error in the body 

frame of the vehicle.

Task: Stabilize the path following error
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PATH FOLLOWING Method 2 – Formulate PF error in Freinet frame 

Path Following Controller- Method 2 

Idea: Formulate path following error in the 

Frenet-Serret frame.

Task: Stabilize the path following error
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COORDINATION OF MULTI AGENT SYSTEM Tools

Objectives:

Tools

Graph theory, Network Control 2

3

4

1

N
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COORDINATION OF MULTI AGENT SYSTEM Introduction to Grapth Theory

2

3

4

1

An example of undirected graph
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COORDINATION OF MULTI AGENT SYSTEM Continuous Communication

Result -
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COORDINATION OF MULTI AGENT SYSTEM Logic Based Communication

Bank of estimators 
for neighboring 
agents

Internal 
estimator

Estimate states of 

neighboring agents
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COOPERATIVE PATH FOLLOWING Path Following + Coordination (Closed loop)

Result 1: 
CPF system is ISS respect to the error of estimation of the path parameters, which is 
bounded by ε , the error of tracking desired heading rate and desired speed of the 
autopilot.   

CPF control system with path following controller using method 1
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COOPERATIVE PATH FOLLOWING Path Following + Coordination (Closed loop)

Result 2: 
CPF system is ISS respect to the error of estimation of the path parameters, which is 
bounded by ε , the error of tracking desired heading rate and desired speed of the 
autopilot.   

CPF control system with path following controller using method 2
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EXPERIMENTAL RESULTS Experiment Setup

MEDUSA vehicles EXPO’98 Site, Lisbon,  PT

Set-up

• 3 Medusa surface vehicles

• In-line formation

• Speed profile : 0.5m/s

• Lawnmower Mission 

Key assumptions

• No delay in communication



MarineUAS Winter School              Porto, Portugal                         Jan 15-26, 2018 21

EXPERIMENTAL RESULTS Medusa Class Vehicles

• Surface and diving versions: 

MEDUSAS and MEDUSAD

• Two-body shape, 30 kg, easy 

launch & recovery

• Depths up to 50 m

• Five units built since 2009
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EXPERIMENTAL RESULTS Medusa Class Vehicles

The MEDUSA vehicles
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EXPERIMENTAL RESULTS Network Setup

• Network Topology : undirected

• Communication medium: wifi  
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EXPERIMENTAL RESULTS Arial View of The Tests

Let’s go to water
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EXPERIMENTAL RESULTS Path Following Tests

Mission : Lawnmower - Straight-line segments (30m)  

- Circumference segments (Radius: 7m, 10m, 12m)

Path following controller : Method 1
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EXPERIMENTAL RESULTS Cooperative Path Following Tests – Periodic Communication

Mission : Lawnmower - Straight-line segments (30m)  

- Circumference segments (Radius: 7m, 10m, 12m)

Desired formation : Line formation

Path speed profile :  

Path following controller : Method 1

Periodic communication time : 0.2s
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EXPERIMENTAL RESULTS Cooperative Path Following Tests – Logic Based Communication
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EXPERIMENTAL RESULTS Cooperative Path Following Tests – Logic Based Communication
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CONCLUSION Achievement – Open Issues and Future Works

Future work:

1. Test Cooperative Path Following with the proposed Event Trigger 

Communication with Path Following Method 2.

2. Investigate the case when the communications channel has delays and 

exhibits packet losses.

3. Test the proposed Cooperative Path Following algorithm underwater, 

with acoustic and optical communications  (using the multi-agent 

network developed in the WiMUST project).
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