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Bring the ideas of cooperative control
to offshore DP operations that require
several DP Vessels ‘L 3

Subsea Installation
Maintenance Operation
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Example — 2 vessels installing a sub-sea equipment
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Example — 2 robots manipulating one equipment
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Example — 8 robots manipulating one equipment
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Information Gonsensus
in Multivehicle

Gooperative Gontrol

WEI REN, RANDAL W. BEARD, and ELLA M. ATKINS

COLLECTIVE GROUP BEHAVIOR
THROUGH LOCAL INTERACTION

he abundance of embedded computational
resources in autonomous vehicles enables
enhanced operational effectiveness through coop-
erative teamwork in civilian and military applica-
tions. Compared to autonomous vehicles that
perform solo missions, greater efficiency and operational
capability can be realized from teams of autonomous vehi-
cles operating in a coordinated fashion. Potential
tions for multivehicle systems include space-based
interferometers, combat, surveillance, and
systems, hazardous material handling, and distributed
reconfigurable sensor networks. To enable these applica-
tions, various cooperative control capabilities need to be
developed, including formation control, rendezvous, atti-
tude alignment, flocking, foraging, task and role assign-
ment, payload transpore, air traffic control, and
cooperative search.
Execution of these capabilities requires that individual
vehicles share a consistent view of the objectives and the
world. For example, a cooperative rendezvous task requires

be distrib-
uted, assuming
only neighbor-to-
neighbor interaction
between vehicles. Vehicles
update the value of their infor-
mation state based on the informa-
tion states of their neighbors. The goal is
to design an update law so that the informa-
tion states of all of the vehicles in the network
converge to a common value. Examples of the infor-
mation state include a local representation of the center
and shape of a formation, the rendezvous time, the length
of a perimeter being monitored, the direction of motion for
a multivehicle swarm, and the probability that a military
target has been destroyed. Consensus algorithms have
in 121141, control

[5H91, flocking [10H16], attitude alignment [17}-{19], and
sensor networks [20}-[23].

The purpose of this article is to provide a tutorial

that each vehicle know the point.
consensus guarantees that vehicles sharing information over
a noisy time varying network topology have a consistent

overview of in cle cooper-

ative control. Theoretical results regarding consensus-seck-

ing under both time invariant and dynamically changing
are

view of information that is critical to the task [1] Several specif-
The instantaneous value of that information is the informa-  ic of to

tion state. By necessity, consensus are designed to aro described.

1066 QX726 DOEROTIEEE. APRL 2007 « IEEE CONTROL SYSTEMS MAGAZINE T1

Ren et al., Consensus Theory

‘NASA DR YDIEN FLIGHT RESEARCH CENTER (NBA-DFRC)
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*Present Paper

— Fundamental Analysis using Classic Control Theory;

— Time-domain simulations of a 2-vessel operation using TPN Simulator;
— Experimental results using 1:42 scale models of a DP-PSV;
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Mathematical Model
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Linear Dynamics for small yaw angles:

(MA +M:d)-:*f1 + Dk = uy +F§

(ME +Ma3d)-:*ﬂ +Dgig = ug + F‘;
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Introduction of
virtual spring and
damper between

the vessels

Vessel B >

Vessel A >
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Property Model Full
Length overall Lyu 1.90 m 80.0m
Fu || Sca |e Length between perp. L, 1.65m 69.3 m
Beam 0.43m 18.00 m
Maximum Draft 0.154 m 6.50 m
Maximum Displacement 74 kg 5492 ton
Bow Azimutal
Thruster
P= 883 kW
Main Thruster X=30m Y=0m
P= 6440 kW \
X=-40m Y=6m
|
|
Main Thruster
P= 6440 kW
X=-40m Y=-6m
Stern Tunnel Thruster Bow Tunnel Thruster
P= 883 kW P=883 kW
X=-28m Y=0m X=30m Y=0m

12
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Numerical Time-Domain
Simulations

b 9 »
B - -?‘ 0
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The increase of the gain enlarges the bandwidth of the
system which makes the time response faster.
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the total damping of the system is reduced, causing an amplification
in a frequency range near the natural frequency of the system. This
effect is not desirable and imposes an upper limit on the K_ gains
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Non-Cooperative

The vessel A does not
move, and the relative
motion is only performed
by the vessel B.

Dynamic

Marine Technology Society

Cooperative

Vessel A moves backward, in order to
obtain the desired relative distance faster.
After that, the whole system returns to the
desired position.
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Non cooperative
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Time Domain Simulation

Surge Motion
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109%o settling time

Non-cooperative Cooperative
Overshoot 17 % 27 %
Rise-time 56's 15s
248 s 50s
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Test 2: Disturbance rejection > @ ~ 4.0m 125

% @ JONSWAP

( \ 15°
} 0.5 m/s Current
| 3 30°

| {1

Objective: To evaluate the ability to
keep the relative distance, despite of
the environmental conditions
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Transfer function dX(s)1/dD(s)1
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Improvement in the -
stationkeeping E > ﬁ e
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Non-Cooperative

The vessel A motion does
not affect the vessel B
motion and vice-versa.

Time Domain Simulation

Cooperative

Vessel A moves backward, in order to
obtain the desired relative distance faster.

After that, the whole system returns to the
desired position.




N,
-

TANQUE DE PROVAS NUMERICO

Experimental Results
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University of S3o Paulo — Academic Tank
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Experimental Set-up for Tests with 2 DP Vessels

Nypos Cameras

3
_ —~

Model 1 j Model 2 j v

Thruster Commands

T ‘ NYPOS Computer

Control Computer

X,Y,ZZ (2 vessels)
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Driver DC motor

< »| Computer
RS232

@R e EEEE s EEEEEEEESEEEEEESEESEEESESEEESESSSESSESSEESEssEssEssEEsEEsESsEEssEsEEsEEEEEEEES

Small scale DP Vessel

+

> | Driver step motor

Driver step
motor

> Driver DC motor

@

Conjunto Azimutal

DC Supply

RS-485 Comm.
Controller

+12V

»  Driver DC motor

Motor de Passo

————»| Driver step motor

L L L R C L Ll
.

* L)
*

*e Conjunto Azimutal

Embedded
Electronics
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1® Wave0011.qtm - Qualisys Track Manager - = X‘
P @ Fle Vew Capture AIM  Tools  Window Help o EX

D@ A BE S BiMMAd PR 0 s

QTMConnect
Haost: Port:
localhost 22224
[ Connect | Disconnect
Command:
3 cameras streamframes allframes 6deuler - 0 - - - - = = -
Start Stream Stop Stream

In-House DLL for real-time communication
Gigabit Network

Position
Measurement
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il TSP = ¢ OPER

Control
Software

BaTSP =k % DPBR i e 5 S A

Time: 173734000
o

Shp

oo | e | toea |

x e v[iin0 22 oso

FPS0O

W00 (2500 22 B0

Gammal:  Gamma2

e Option 2: Matlab/Simulink based
) ETe T control, adequate for research
project.

Option 1: DP-BR, a complete software for 1-
vessel control, using PID control, Kalman Filter
and Lagrangean Based Thruster Allocation
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Test 0 — Non-cooperative control oa
£
‘Ué) 0.2 \ / Vessel A
H & \_ Vessel B
same PID controller gains for both vessels % o3 SetPoint

L
140 160 180 200 220 240 260 280 300

significant differences between the
performances of the vessels, mainly in sway 05 —

. . [
and yaw directions g °° h\ \’(
:g 0.7 Vessel A .
§ \ VesseI_B (+0.9m)
It can be explained by some discrepancies in > 08 ‘o Set-Point -

the ballasting arrangements and the 0y ———
propellers mechanical construction and the

40 —_
final rpm-force relation. Vessel A \
2 30 Vessel B \ 7
Phe - 7 % 20 Set-Point I
_ - o \
] N -
1 A ,\ ——————— : > : e - <:t 10 o =
- =
| R /\ -\’, PN \ g 0 / \ B
| — ” ’,’ / - t,/
m hN ﬁ [ -7 - N 19
Y | B v J - --=-=-- \L 1S T \ ,” o 300 320 340 360 380 400 420 440
Lo wA L= 10°and Time(s)
L e - 30°
0.2m T ====- v
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Test 0 — Non-cooperative control

380 400 420 440

Even small differences between vessels

induce large relative motions in DP vessels
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Test 1 — Cooperative control — Yaw maneuver
Ko, =0 Ke, =5 Koy, =8 Ky, =12
40 ; Vessel A
p O LN A Y =
% 3 /
% 20
E | L
> ol \U_/\ \\\/ } kv )i \V.-._
: ) ) 70 60 Tso 10 ho 140 160 180 200 220
The higher is the gain the closer Time (s)
are the two curves during the yaw o Koy =0 Key, =15 _
maneuver N //ﬂ<\w \ \ Verd 5
Other paper of the authors (to be 3 N / \ / \
presented at IFAC-CAMS 2013) 8 / \ J \
demonstrates the stability analysis ’ d
and gain Sensitivity '1030 40 50 60 T?r(; ) 80 90 100 110 120
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Test 1 — Cooperative control — Yaw maneuver

-8 Kes—~<12
y gXG Vessel A
// Nﬁ xr Vessel B

\vas \ Set-Point
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E
g /M
V7
g 0.8
§ / w E Midship

0.7 e B e L ——— Bow

v,_—”j’—- Stern
g [
40 60 80 100 120 140 160 180 200 220
Time(s)
Distance between points
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Vessel A

Y Vessel B
i x P ’*\ Wma\le 0.6 i l/\\ ﬂ, ﬂ ------------- Set-Point n
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SNV L N/ A YA | P A X N
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Y N /
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0.08
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0.02 \\‘_’
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(m)

0.02 -t B O 1
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Test 2 — Cooperative control — Sway/Yaw maneuver

With Environmental Action

Cooperative Non-cooperative Midship
n Bow
Stern
11 i . :

Relative distance (m)

0.6

150 200 250 300 350
Time (s)

Y position (m)

Yaw Angle (deg)
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| | |
/\ Vessel A ]
A Vessel B |
5\ ----------- Set-Point
i\ lf ) Y A\
1
VN | L A
! | Y i
! 7 W/ V‘ A4 /
; Y
150 200 450 300 350 100 450 500 550
Time (s)

Cooperative

Non-cooperative

Cooperative
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Non-cooperative Cooperative
o == ~ Vessel A
Vessel B
Experimental 5
E
Time (Ss)
Non cooperative control Cooperative control
50
~ Vessel A 50 ( —— Vessel A
. g} F_\ — Vessel B o ; ’\ —— Vessel B
Numerical 2 o= e S —
2 VO 2
@ 2 i
> > ‘
‘ 50 ‘
3000 3200 3400 3600 3800 4000 2800 3000 3200 3400 3600 3800 4000
time (s) time (s)
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Cooperative control based on the consensus concept applied
to coordinated manoeuvres.

Numerical tests showed that the tracking performance and
disturbance rejection of the relative positioning can be
adjusted by a proper selection of cooperative control gain.
The next steps ....

*To derive the model of the n-vessel system

*To study the effects of communication problems
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The next step 1) To derive the model of the n-vessel system
and to test in the larger wave basin of TPN
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The next step 1) To study the effects of communication
problems using the TPN-USP full bridge simulator
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Thank you

Asdrubal N. Queiroz Filho
asdrubal.filho@tpn.usp.br
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Eduardo Aoun Tannuri
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