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Intro

• As complexity of operation grows, a 
larger number of working vessels may be 
required

• Coordination of such agents becomes a 
limiting factor on the capacity of such 
operations

• Enhanced levels of autonomy are 
required

• Cooperative controlled vessels may be 
one of the solutions to perform such tasks
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Cooperative Control

• Relatively new topic (late 80’s)

• Gained a push up with the enhancement of wireless 
communications

• Mostly applied to terrain robots and aerial drone swarms

• In marine systems, mostly applied to navigation and formation 
control from early 2000’s

• Few applications in DP (Queiroz Fillho & Tannuri, 2013; Liu et. 
Al, 2014; MORATELLI; MORISHITA, 2015).

• Challenges in cooperative DP: compliance of relative 
stationkeeping with the effects of enviromental disturbances, 
changes in ship parameters and operational forces 
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Hold Back Operation

JENSSEN, 2008, On The Use of Safety 
Moorings in DP Operations

IMCA, 2000, Specification for DP Capability 
Plots

Huang, et al., 2017, THE INFLUENCE OF 
HOLD-BACK VESSELS ON THE 
OPERATION OF A DP DRILLING RIG –
CONTROL SYSTEM AND STABILITY 
ANALYSIS

Standalone DP-to-DP interactions may 
cause instability
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Cooperative Towing

• Motion synchronization. 

• Scalability. 

• Stability. 

• Load Position Correction. 
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Cheng et. al,2008 - “Cooperative towing with multiple
robots”
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Previous studies in DP
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Cooperative DP for Y Lauching Method
(OSHIRO et al., 2012)

Consensus Based CDP
(QUEIROZ FILHO; TANNURI, 2013) (QUEIROZ FILHO, 
2016)
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Previous studies in DP
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Cooperative DP using Adaptive
DSC
(PENG; WANG; WANG, 2016)

Self orienting cooperative DP 
BABI et al., 2016
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System Architecture
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Single agent
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Algorithm
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Algorithm
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Standalone DP Cooperative DP
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Previous Experiments
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Queiroz Fillho & Tannuri (2013)
Cooperative Control Applied to Multi-Vessel DP 
Operations - Numerical and Experimental 
Analysis

Ianagui & Tannuri (2015)
Experimental Evaluation of Sliding Mode 
Cooperative-Controlled DP Vessels
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Case Study
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Linear 1D analysis
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Control Stability
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Cable Properties

MTS DP Conference - October 2017 - Houston, Tx 22

0 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160
0

10
20
30
40
50
60
70
80
90

100
110
120
130
140
150
160
170
180

Force (tonf)
H

or
iz

on
ta

l R
es

to
rin

g 
C

oe
ff.

 (k
N

/m
)

 

 

Steel Wire Length 950m
Steel Wire Length 400m
Polyester 950m
Polyester 400m

Gain Steel Polyester
Diameter (𝑚𝑚𝑚𝑚) 85.7 143
Weight in air (𝑘𝑘𝑘𝑘/𝑚𝑚) 30.7 14.3
Weight in water 
(𝑘𝑘𝑘𝑘/𝑚𝑚) 25.5 13.3

Axial Rigidity EA 
(𝑘𝑘𝑘𝑘)

2.38
× 105 8.23 × 104
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Instability Effects
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Full Scale Simulation
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Full Scale Simulation
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Propeller Power (kW) Max. Thrust 
(kN)

Tunnel Bow 883 117.6
Azimuth Bow 883 147.0
Tunnel Stern 883 117.6

Main 1 6440 965.3

x4
Virtual
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Motion Lineout
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Trajectory Results
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Simulation Video
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Rig Positioning time series
Standalone DP’s
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Relative Position 
(formation) error
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Power Usage
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Towing Forces
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Conclusions

• Cooperative controller can perform synchronous, stable multi-vessel operations
towing operations

• Scalable

• Can perform load position control

• Simple algorithm

• Mature for larger scale experiments, depending mostly on hardware and wireless 
protocol definitions

• Technique may be enhanced throught smarter formation definition. Weathervaning
might be applied
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Thank you
André S. S. Ianagui
andre.Ianagui@usp.br


	Operations - Ianagui - presentation.pdf
	MTS DYNAMIC POSITIONING CONFERENCE October 10-11, 2017 
	OPERATIONS SESSION
	Multiple Vessel Cooperative DP Operations By Andre S S Ianagui, Alex S Huang, Eduardo A Tannuri
	Introduction
	Intro
	Cooperative Control

	Motivations
	Hold Back Operation
	Cooperative Towing 

	PreviousStudies
	Previous studies in DP

	Methodology
	System Architecture
	Single agent
	Algorithm
	Previous Experiments

	Case Study
	Case Study
	Linear 1D analysis
	Control Stability
	Cable Properties
	Instability Effects
	Full Scale Simulation
	Motion Lineout
	Trajectory Results
	Simulation Video
	Rig Positioning time series�Standalone DP’s
	Rig Positioning time seriesCooperative DP’s
	Relative Position �(formation) error
	Power Usage
	Towing Forces

	Conclusions






