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MRE-ROV: Marine Renewable Energy Remotely Operated
Vehicle for Challenging Conditions (Wave, Tidal, Wind)
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Concept

Vessels: ROVs, AUVs, ASVs, UAVs, Ships, Boats, ...
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Interaction Devices:
* VR Headsets
Pilot Data Pilot . Micro honels
Interface Exchange Interface P ,
(Vessel k) Manager (Vessel 2) * Touchscreens,
* Hand Gesture
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Structures: Offshore Wind Turbines, MRE Devices, ...




Control System @
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Heading Controller Speed Controller

Type: Position Controller Type: Velocity Controller
Output: Yq Output: Uy, Vy

Inputs: User Setpoint, Desired Course, Inputs: User Setpoints, Absolute Target,
Fixed Point, System States Relative Target, System States

Heading Modes: HMZ1: Independent Speed Modes: SM1: Manual Surge & Sway
HM2: Follow Course SM2: Speed & Course Controller
HM3: Fixed Point
HMa4: Relative to Course
HMS5: Follow Ref. Frame

Target Actions: TA1: Hold Absolute Position
TA2: Hold Relative Position
TA3: Go To Absolute Target
TA4: Go To Relative Target

Middle Level Controllers (MLC)
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Speed Controller
SM2: Speed & Course Controller
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Heading Controller
HM3: Fixed Point (S4)

Speed Controller
TA3: Go To Absolute Target
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Heading Mode HM3: Fixed Point HM3: Ahead
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MRE ROV

INS: PHINS 6000

DVL: Nortek Depth: Valeport UV-SVP




Face<1>@E161-275-020-1/NORTEK DVL 500 kHz-1
Face<2> @E161-275-020-1/PHINS6000_TI_+_DVL_WHM1Z
The two selected items are parallel.
M Mormal Distance: 151.8mm  [5.97638in |
7 Distance: 360.36mm [14.18736in]
ol Delta » .50mm [1.35827in]
il Delta ¥: 151.80mm [5.97638in]
; Delta Z: 325.00mm [12.79528in]
Total area: 9267 47 millimeters*2 [14 36461 inches*2]

File: E161-275-020-1 @E161 -034-200/NORTEK DVL 500
kHz-1@E161-275-020 To: E161-275-020-1@E161-034-
200/PHINSE000_IT_~ DVL WHM1200 TI-1@E161-275-
020
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@ NAVIGATION DATA - PHINS6000 - IXBLUE - Mozilla Firefox ol e S
(i) 1921681111/ control_expertview/ E
~rHINS
&000
NAVIGATION DATA
' Heading & Attitude Heave Speed
Heading 67 486° (0157 @ Heave 0.06 m Speed horm 0.03 mis
Rall 0.597° r+0.002° @ 3urge 0.02m Morth Speed -0.022 mis +0.031 m/s)
Pitch 1.438° 000097 Sway 0.06 m East Speed 0.025 mis (+0.032 mf=)
Mosition Time Vert. Spced 0076 mls  (=0.005 m'z)
Latitude 54 25246763 N +13.758m)  Run Time 00 d 01:18:39.000 Current
Longituds 0.93541488°W 13399 m)  UTC Time 01:18:39.000 Morth Current -0.037 mis  +0.096 m/s)
Depth 092 m (#0257 m) East Cumrent 0.007 mis (20.096 mis)
DVL GPS 1 Depth
Bottom Spced X 0.011 mis Depth 1.249 m
Bottom Speed Y 0.018 mis Time 01:18:38.767
Bottom Speed £ 0.072 mis CTD
Water Speed X 0.088 mis Speed 1477.110 mis
Water Speed ¥ -0.053 mis
VWater speed £ 0.035 mis
Range to Bottom 4.0500 m
Sound Speed 1519.000 mis
Time 01:18:38.957

Lever Arms




IR HMI_Parsr_IX3LUE STD 3IN.i Blcck Disgrarm on MREROY Froject kproj/My Compuler

File

MRE ROV

Edit View Puoject Opeate Tocls Window Help

Mobile & Marine Robotics

P N G 25 wam o [15pAppiicaion Font ~ | Bue Tmv 4B~ Yad -
Bitn® Internal Block description INs" AHRS™ Bit n® Block description INS™ )
0 Attitude & Heading X X 0 UTC data X
1 Attitude & Heading standard deviation X N/A 1 GPS1 data X
2 Real tme Heave/Surge/Sway X X 2 GPSZ2 data X
3 Smart Heave X X 3 Menual GPS data X
4 Heading/Roll/Pitch Rate X X 4,5 EMLOG1, EMLOG 2 data X
5 Rotation rate in vessal frame X X 6.7.8 | USBL1-3data X
€ Acceleration in vessel frame X X ) Depth data X
7 Position X N/A 10 DVL Ground Speed X
8 Position standard deviation X N/A " DVL Water Speed X
9 Speed in geographic frame X N/A 12 Sound Velocity X
10 Speed std dev in geographic frame X N/A 13 DMI X
1" Current in geographic frame X N/A 14-17 LBL1 - 4 data X
12 Current std dev in geographic frame X N/A 18-20 | Eventmarker A, B, C X
13 System date X X 21 DVL2 Ground Speed X
14 INS/AHRS sensor status X X 22 DVL2 Water Speed X
[ Header | Navigation data blocks External sensor dala blocks | Checksum | Bit n® Internal Block description INs™ AHRS 23to 31 | Reserved NIA
15 INS algorithm status X N/A P p—— T
Units 16 INS system status X N/A attributed lo GPS postion | mode indicator
Header 1 Byte Value : T 17 INS user status X N/A fxifno GST s received
0 Data invalid NA

Header 2 Byte Value : X' 18 AHRS algorithm status NiA ; om Naa

Protocol version Byte 0x02 19 AHRS system status NIA 2 Im Differential

Bit Mask 1 DWord Bloc combination identification bit mask 20 AHRS user status NiA . om Miltary

Navigation data blocks Bit is set to 1 when bloc is output, 0 otherwise. 21 Heave, surge and sway speads X 1 ZJ : :::mm

Bit Mask 2 DWaord Bloc combinatian identification bit mask 22 Speed in vessel frame X N/A 6255 Datz invalid Other mode

External data Bit is set to 1 when bloc is output, 0 otherwise. 23 Acceleration in geographic frame X N/A

Total telegram size Word Number of bytes of the message including 21 byte header 24 Course and speed over ground X N/A

Navigation data validity time | Dword Validity time in steps of 100us 25 Temperatures (ACCIFOG/ANA) X X

Counter DwWord Cycling counter inside [0:27-1] 2610 31 | Reserved N/A N/A

& g

Output Message: IXBLUE STD BIN (20Hz)
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MRE ROV

Mobile & Marine Robotics

Bit Mask 1: bit 0 (Attitude &Headlng! Bit Mask 1: bit 1 (Attitude &Headlng ﬂ'D!

14 True "t o] True "t
Data Format Units Data Format Units
5TDIBIN Header Heading Float In degrees, inside [0°:360°[ Heading Standard deviation | Float In degrees, inside [0°:360°[
Roll Float In degrees, positive when port up, inside [-180°:180°[ Roll Standard deviation Float In degrees, inside [0°:360°]
Pitch Float In degrees, positive bow down, inside [-907:90°] Pitch Standard deviation Float In degrees, inside [0°:360°
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Output Message: IXBLUE STD BIN (20Hz)




MRE ROV

Mobile & Marine Robotics
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Fault-Tolerant Control




MRE ROV

Force Feedback

frr = —Ke'

Starboard

Fault-Tolerant Control




MRE ROV
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MRE Control Allocation

Mome Cosfiguration  Hybrid Algorithm  Visualisstion Shared Varisbles
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2D Display

Mobile & Marine Robotics

2D visualisation of mission progress with six heterogeneous vehicles




3D Display

Activation of virtual switches with LeapMotion Orion tracking device can be used to switch 3D viewpoints,
improve situation awareness and aid remote control




3D Display
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| Ship Compass
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