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DP was here much earlier!!!
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* As complexity of operation grows, a Marmaray
larger number of working vessels may be Tunnel Module
required and “Submerso”

tunnel

« Coordination of such agents becomes a Installation
limiting factor on the capacity of such Procedure
operations

« Enhanced levels of autonomy are
required

« Cooperative controlled vessels may be
one of the solutions to perform such tasks
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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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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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Motion synchronization.

Scalability.

Stability.

Load Position Correction.

Cheng et. al,2008 - “Cooperative towing with multiple
robots”
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Consensus Based CDP

(OSHIRO et al., 2012) 2016)
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Self orienting cooperative DP

Cooperative DP using Adaptive BABI et al., 2016
DSC
(PENG; WANG; WANG, 2016)
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Queiroz Fillho & Tannuri (2013) lanagui & Tannuri (2015)

Cooperative Control Applied to Multi-Vessel DP Experimental Evaluation of Sliding Mode
Operations - Numerical and Experimental Cooperative-Controlled DP Vessels
Analysis
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Linear Simulation Results Linear Simulation Results
6
6 B | T 1 T L 1 BB LI 1
4 L i 4
=
SE1AVAVAVAVAVAVAVAVAVAVAVAVAY o W —
3
g -2 1 1 1 g -2
2 =
é_ 10 T T T T T T T T T <EE 6 .
< o — i
____________________ 4 //
D 5
= o 2
o A /\ /\ /\ /\ /\ /\ /\ /\ o) /
S o0 ~
F Vvvvvvvvvvvvv o
-5 1 1 1 1 1 1 -2
0 50 100 150 200 250 300 350 400 450 500 0 2000 4000 6000 8000 10000 12000
Time (seconds) Time (seconds)

MTS DP Conference - October 2017 - Houston, Tx 23



LS H

Universidade de Sao Paulo

MTS DP Conference - October 2017 - Houston, Tx 24



LS H

Universidade de Sao Paulo

Propeller Power (kW) Max.k'll'\lhrust
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Drilling Rig Position(Cooperative) Drilling Rig Position Error (Cooperative)
150 I 100
— Reference
100 Apses | — actual E %0 \
% / \ § 0 I\VAV N \,“-\' r/\ N
£ 50 i /
z \ 2 -50
w - \ P @
O~ phe==— \V4 & -100
-50 -150
2000 4000 6000 8000 10000 12000 2000 4000 6000 8000 10000 12000
150 T 200
~ 100 A ey £ 100
E J \ s \_,
g | l\ N\ S~
S 50 0 e N
< (=2
= S
<) / \ ES /
Z 0 |/ — 5 -100 L/
z
-50 -200
2000 4000 6000 8000 10000 12000 2000 4000 6000 8000 10000 12000
60 50
ety —_
~ 40 f A =
< e
2 5 / \ A A
() T
T ol AA@#AM_ e §
-20 -50
2000 4000 6000 8000 10000 12000 2000 4000 6000 8000 10000 12000
Time(s) Time(s)

MTS DP Conference - October 2017 - Houston, Tx 30



Universidade de Sao Paulo

Total Easting Relative Position Error

80 Total Northing Relative Position Error
Consensus Start

€0 Consensus Start

S+ N ANA M L |
a o/ _ s r\\
5 E/ A N N TN AN
5 5 NS W
2 2|8 i
o ’
(%] —_
© £
i, NALVAWA VIR 1 1

{ V-V N~ hd v V P
-20] u
7400 1000 2000 3000 4000 5000 6000 7000 8000
Time(s) o 1000 2000 3000 4000 5000 6000 7000 8000
Time(s)
Total Heading Relative Position Error

B

5 Consensus Start

2\ \

2V \

ks

£ e; = a;i(x;j—x;i— 96

l lj ] l Ji
10| .
J=1:N
4 0 1000 2000 3000 4000 5000 6000 7000 8000

Time(s)

MTS DP Conference - October 2017 - Houston, Tx 31



Universidade de S&o Paulo

Maersk Handlerl: Commands Maersk Handler2: Commands

200 250
T T T T -Stop
180 [Dead Slow
[Islow
160 200+ I Half
lFull
140
120~ 150 -
£ c
£ £
Py 100 P
S E
F e F 100~ 4
60—
40— 50+ -
20—
’ TUNNEL BOW AZIMUTE BOW TUNNEL STERN 0 TUNNEL BOW AZIMUTE BOW TUNNEL STERN MAIN
Maersk Handler3: Commands Maersk Handler4: Commands
250 T T T T 250 T T T
Il stop Il stop
lDead Slow Il Dead Slow
" - 7
~ 150 |
~ 150 -4 £
£ £
s 2
() =
= = 100+ -
=100 -
501 B
50 —
0 TUNNEL BOW AZIMUTE BOW TUNNEL STERN MAIN MAIN2

TUNNEL BOW AZIMUTE BOW TUNNEL STERN MAIN MAIN2

MTS DP Conference - October 2017 - Houston, Tx 32



Cable 1
11
10 ’n\‘
9
g NA
wog | [
7 |
W\J
6
0 2000 4000 6000 8000 10000 12000
Time(s)
Cable 3
400
350
300
250
=
£ 200
[N
150
100
0 | e e fWMA,
0 2000 4000 6000 8000 10000 12000

Time(s)

Cable 2

25

20

15

F (ton)

A

T A

0

2000 4000 6000 8000 10000 12000
Time(s)

Cable 4

300

250

200

150

F (ton)

100

50

S Y W DU R, I U R

0
0

2000 4000 6000 8000 10000 12000
Time(s)

MTS DP Conference - October 2017 - Houston, Tx

Universidade de Sao Paulo

33



- Universidade de Sao Paulo

e |ntroduction

e Motivations

* Previous Studies
 Methodology

o Case Study

e Conclusions

MTS DP Conference - October 2017 - Houston, Tx 34



- Universidade de Sao Paulo

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

e Scalable
e Can perform load position control
e Simple algorithm

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

 Techniqgue may be enhanced throught smarter formation definition. Weathervaning
might be applied
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