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Unlocking DP Perforrhances thanks to generalised%
nonlinear robust control

Kerkeni S. & Penin B., MTS Dynamic Positioning Conference 2022, Houston, TX, 11  -12th October 2022
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Dynamic

Context @) ol

Marine Technology Society

e Blue Economy is booming (Market added value
estimated to +3,000 G$in 2030 je g.

o Increase ofhuman activities at sea (e.g. offshore
wind energy)
o Increase of maritime traffic (240-1209%by 20509

e IMO &UN progressive rules &regulations
implementation towards 2050 carbon neutrality

o New ship designs (e.g. foils)
o New fuels (H2, NHs)
o New propulsion systems (e .g.wind propulsion)

o/
¢ SUSTAINABLE
'@ v@t‘/ DEVELOPMENT
\\; ~‘"'»
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"OECD, 2016
2 Nature, 2019
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The Offshore Wind Driver

Dynamic

' Positioning
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US Offshore Wind Projects

Regions in the USA spending the most on wind
power projects over the next 10 years.

airswift

NEW YORK

& MASSACHUSETTS
g NEW JERSEY

MARYLAND

VIRGINIA

source :airswift, 19 August 2022
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i

Room for efficient
operations

Control system should enable efficient transitions

= From transit phase to wind turbine arrival
* Movement between wind turbines

= Coordination of gangway and vessel: ideal position for
gangway connection

= Enable efficient, faster and safer

= Waiting

source :Dynamic Positioning Systems for the Offshore Wind Service Industry, Ivar Thle,

MTS Dynamic Positioning Conference 2018
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Position of the Problem - Operators point of view D o

Marine Technology Society

{[laptain

Mathematical model

Offshore Dynamic Paositioning
The DP software contains static data on the vessel parameters, but it is also an adaptive Aug 2
feature. The analogy is that of steering a vessel by hand. Although skilled at steering, a i
helmsman will take five minutes or so to get the feel of the vessel after taking the wheel.
. " f ” h | I would like to know what is your point of view in regard of building mathematical model on DP. Common

The DP SyStem dOGS the same: the control takes Up to 30 minutes to ada pt u y to the vesse practice is that any vessel is to stay outside 500m zone for usually 30 mins to allow the model to build
Conﬁguration and the present environment. Subgequently’ the system adaptg to Changeg in up. Fine, but during that stage sometimes | am witness of different practices made by different DPO’s.
the vessel or environment, just as helmsmen will adapt their steering to changing sea states. The question is - shall the vessel stay still on AUTOPOS waiting 30 mins, or meanwhile she can start
It is normal 10 allow 30 minutes as a model—building period or Settling time, to reduce making her way on full DP to the location, ie. with slow speed 0.2kn? Theoreticaly such a small

i . ) . B ! ! movement shouldn’t significantly affect sea forces calculations. When the vessel is not moving for 30
oscillations in position and/or heading. In recent years some system manufacturers have mins then definitely it would provide decent model to have, but some clients insist to come closer asap
shortened the modelling period to 10-20 minutes, In safety-critical operations 30 minutes is fo not waste a fime...
St|” recognised asa S‘[andard Se‘[‘t”ng period_ Secondly, lets consider such a typical scenario - during the job, all is working good, but vessel has to

step off the platform let's say 100m and for some reason this has to be done quickly as per request. We
deselect one axis (surge) then move away. How about the mathematical model then? Is it really gone?

Captain David Brav FNI, DP OD erato I"S Handb OOk _ 3['(1 e d itiOl’l 20 20 Some people move bgck to Ih? installation after another 30mins on full DP but other DPO's don't wait
and just return to original location instantly when it is permitted by 2nd party.

Thanks for your answers.

GCaptain Forum, August 2020
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Position of the Problem - DP Architecture point of view D e
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. Estimator

State-of-the-art ; Extended Kalman Filter
. Thrust
==  Estimator Controller : =
allocation
. Controller
Feedforward PID controller
==
Wind = >
. Thrust Allocation
Heading
@ Optimisation problem
Thrusters Feedback State-of-the art ;Quadratic Problems
/ Thrusters command
Pasitions | =
J

Property of D-ICE Engineering www.dice-engineering.com —‘D_, D = | C E

ENGINEERING



http://www.dice-engineering.com

Real Challenges.
True Solutions.

Theoretical Considerations
1 Application Case
Generalised nonlinear control

High -Fidelity Physics Based DP
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A Millenium Problem... @) oies
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Navier-Stokes Equation

V-V=0

DV } 2 s

Many simplifications, many approaches ...

cFD

High Order

Accuracy LES

RANSE

Lattice
Boltzman

\T\(\QOW

e :
Po’ten Weak ’E‘lilrrlinear
/ Body Exact Scatterer
. Linear Calculation Time =Cost

Databased

]
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Global Workflow @) ol
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Ship Design

Actuators &

9 . 9 9 ) 9 Potential
Surf Mesh Helios
Theory

Power
Systems

Ship
Parameters
(Inertia .).

ime Domain Multij
Simulator

Features Analyses

Volume Mesh

Tests

. X=Xt Kot Xor® + Xevr - Simplified models
Matrices plif

FX AU + Koy AU + Ky 816 + Xy V2 AU + Xy 7200+ K A

Y=Y+ Yo+ Vv + Y + Y + Y, 0 + Vor? 4 ¥ r?

¥y VAU + Yy vAU® + Y rhu + Y rd?

Lift coeffi

N = Ngiv + Nyv + Ny 02 + NoF 4 Not + Ny 75+ Ny 072 + Ny 7107%

Features Analyses Model Der: i
4 Ny VAU + Ny vAU? + Ny vu + Ny, 18000

Respense surfaces
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Application Case For Technip Energies (D e
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ALP Future Tug Coral South LNG

Courtesy Technip Energies Courtesy Technip Energies
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CFD Calculations @) ol
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e Use of RANSE commercial CFD software (FINEX / Marine )
e Investigation of more than 80 scenarios and complex

trajectories
e Deep investigation of allcomputed variables to ensure

properpost processing

45° (forward / starboard)
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Focus on Propulsive Models (D Gomivec
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. Influence of Waves

. Influence of Current

. Influence of Control Parameters
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Focus on Propulsive Models (D Gomivec
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Focus ofthe Influence of Current & Control parameters for a Duisburg-type Azimuth Propeller

Thrust Torgue Power
0° 0 0°

—— 1knots — 1 knots
—"2 knots

—— 1knots

10000 2 knots

80C—— 3 knots

ag0°

Loss of convexity
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Real Challenges.
True Solutions.

2 Introduction & Generalitie s
Application Case

Robust Nonlinear Control
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Solvig Control problems in practice

Dynamic

Positioning
" ) Committee

Marine Technology Society

T}\e MOP OF Confr‘a' Tl'\ear‘y constraints i
robust pcH

=

active disturbance
rejection control

/V\,w——

loop shaping

=]

mu synthesis

A

holonomic
nonholonomic
redundant

observer

g

mapping
kalman

full state Fllfemng fitter
., linear mpc feedback
predictive — A=A
model predictive _ moving homon
ey - calibration  estimation sigma-point
bust :[i]y+ b
AQR = sy /-j tracking 0
§7:08 ffoff - ,0 3
estimation
fuzay control sensor Fu.stan

particle

linear S (@

deling & state space
simulation XSAcDe
gs Cx + 0w

nonlinear
state space

intelligent

reinforcement | ; ot Simulotion
learning rrarmante - hybrid system dt— —
enetic ? S stability transfer y=gbw C
A @ W M i functions ==U
ini = block diagrams
i nonminimum 2 ot S
SR phé:sehl controllability ~ MArains Gl Tonguster y
. -/ nyquist observability system i
multi-agent 3 YAl ll
leader-follower Omec,ch, Al bode plots '\ minimum realizations e
graph fheareﬁc s . o 5= %7 8V =
control et assivity o : =
ontrol P,, Wl phase plome pole-zero 3?533?; = T/ X first p:‘muples
SEnsn‘Mfg T plot nichols chart\ " linearization [ m s m.]

O 105

Source :Brian Douglas,

brian douglas © aug 2020
(> Engineering Media

EngineeringMedia
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Strategy Tuning

A combination of a strategy and a funing

The strategy must be adequate to the
problem typology

Tuning is often a difficult and potential long-
process, requiring expertise and experience

The most advanced strategy with a poor
tuning may be much less performing than a
regular strategy with a good tuning...

Modern control strategies are often difficult
to tune
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About Robust Control (D) e
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Position ofthe problem

e Dynamic changes ofthe process
e Variation ofthe control feedback
e Uncertainties
O measurements crror

) dynamic
o controlvariables Sliding Mode
o mathematicalmodel

High-Order Supertwisting Sliding Mode

» error
>
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Dynamic

Application Case (D e

e Refitofa old supply vessel
o Castor02
m Operated by FOSELEV Marine
m La Seyne sur Mer (France)
m  Old DP System
e Obsolete
e No more maintenance

e Project constraints
o Keep original system functioning
Lack ofdata (No data)
Tight timelines
Tight Budget

o O O
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Application Case - Results (D e
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Example of Station keeping performances S e
02 Estimated Current East
17
0.0 16
] 15
e Direct Activation of Station P E " M A
Keeping Mode » " \p/ v\/fm
. 12
e No standard procedure with
. . . . 0.6 n
joystick activation sequences
2400 2600 2800 3000 3200 2400 00 2800 3000 3200

T T T T T T T —— Surge Error
- Sway Errar

Stabilisation time in
less than 10
minutes

2400 2500 2600 2700 2800 2900 3000 3100 3200
5
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Real Challenges.
True Solutions.

3 Qualitative Considerations
Roadmap

Hybrid DP Control Approach
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Qualitative Considerations
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Generic Framework & Product Baseline
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Main requirements
e Industrial-grade quality product
e Certification process

OCEANICS,developed since 2017. Main features:

e Generic control framework, written in modern C+(C+~20 standard),
cross platform by the use of CMake compilation toolchain
o  Strong mathematical foundations
o Provenreal-time capabilitics

e Generic HMI framework written with C+H/ Qt Current Applications
o Automatic adaptation to the asset configuration e  MED Autopilot Certified
o  Elastic & Evolutive application e DP-0

e System Design Planned Evolutions

o COTS components e DP-1&DP-2(2023)

o  Generic PLC (brand agnostic)

Property of D-ICE Engineering www.dice-engineering.com

e Integrated Bridge Navigation System (2024)
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Conclusions & Outlooks (D) s
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e New fields ofapplications are arising for dynamic positioning vessels.
e Importance to lower the stabilisation time
e Different strategies investigated, showing both advantages and disadvantages.

e New upcoming projectled by TechnipEnergies with CEA, Ecole Centrale Nantes and D-ICE for a novel platform for O&M for
FOWT wind farms
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