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Environmental Monitoring Innovation ‘
UK registered businesses can apply for a share of up to £5 million for collaborative projects to

L]
P N
develop innovative solutions in environmental monitoring. This funding is from Innovate UK Dee WI n d
and The Department for Environment, Food & Rural Affairs (Defra). p

Eligibility Survey & Inspection Subgroup
This competition is open to collaborations only.
To lead a project your organisation must:

* be a UK registered business of any size Innovate

e collaborate with other UK registered organisations UK

Opening soon

Opens: @%

22 January 2024 Department
Closes: for Environment
6 March 2024 Food & Rural Affairs

Innovate UK Smart Grants (£25m fund)

The Innovate UK Smart grant has focused scope and eligibility criteria to support
SMEs and their partners in developing genuinely new innovations with significant

potential for rapid economic return to the UK. The application process reflects the
importance of obtaining economic benefits from public funding, and the potential

for successful commercialisation, growth, and exports.

Open Now: Today l?l?ovate

Closes: -Wednesday 24 April 2024 12:00pm



Supply Chain Pathway and Challenge Fund

The Challenge Fund supports high-growth potential companies across
North-East Scotland'’s oil and gas sector to enter the low-carbon e

industry. The Challenge Fund will award grant funding between £50k !

and £250k to accelerate innovation and market entry, support business b

growth, and create new jobs in the energy transition into the low-

carbon market. Applications may include new facilities, new equipment
and existing infrastructure upgrades, including digital infrastructure.

Open Now
Closes: -12pm on the 9th of April 2024.

Wind Expert Support Toolkit (WEST)

WEST is a short-term intervention activity which aims to support growth of offshore
wind supply chain companies through provision of specialist advice, market
intelligence and strategic insight into the sector

Application Status

Closing Date W? r \(I)Vflfgg or
Wave 8 — Open | Growth

26th January 2024 - 5pm w ST & qutnership

/"\
DeepWind

Survey & Inspection Subgroup




‘.
AN\ I

Deep\WVind
Survey & Inspe group

ction Sub

Andre Fabik

¢5)) L3HARRIS®

FAST. FORWARD.



& LaHarRIs

|

€5 L3HARRIS

FUTURE REMOTE & AUTONOMOUS TECHNOLOGIES FOR SURVEY &
INSPECTION

Deep Wind Online Webinar

January 2024 Andre Fabik — Technical Sales Manager



Overview

Technology Adoption

Market Drivers

Required technology strands

Developments

Outcome

L3HARRIS DEEP WIND ONLINE WEBINAR

L3Harris Proprietary



Technology Adoption

Benefits established

Range of operating areas

Accessibility of vehicles

Acceptance/embrace by
customers

L3HARRIS DEEP WIND ONLINE WEBINAR L3Harris Proprietary 8



Technology Adoption &

« Bridged “The Chasm’ THE CHASM

Early Market l Mainstream Market

» Widespread adoption

* One caveat

Whole Product

Solution
—_—

Minimum
Feature Set
DTy

Innovators Early Adopters Early Majority Late Majority Laggards
2.5% 13.5% 34% 34% 16%
People Who Want Newest Things People Who Want Complete Solutions and Convenience

L3HARRIS DEEP WIND ONLINE WEBINAR L3Harris Proprietary 9



Market Drivers & Required Technology Strands @

« Complete solutions

« Market asking for broader
scope

« Parallel tech strands barriers
to provision

« LARS
o Satellite internet services

« USV control systems

L3HARRIS DEEP WIND ONLINE WEBINAR L3Harris Proprietary 10



Launch and Recovery Systems @

« Most cited obstacle

« Tech problem requiring
significant resource to be
solved

« First development driven by
military requirements

 Tech now becoming
available in commercial
sector

L3HARRIS DEEP WIND ONLINE WEBINAR L3Harris Proprietary 11



Launch and Recovery Systems @

» Systems still concentrated in
military domain

e Commercial demand now
recognised

* Not just for uncrewed
vessels

L3HARRIS DEEP WIND ONLINE WEBINAR L3Harris Proprietary 12



Satellite Communications

« Specifically LEO
constellations

e Starlink, ONEWEB

* Again conceived for military
requirements

e Has been on the horizon for
a while

« Gamechanger in a number of
ways

L3HARRIS DEEP WIND ONLINE WEBINAR L3Harris Proprietary 13



Control Software

L3HARRIS

« Gradual process
« Mature, Assured R — ‘ B ——
FH ’ 7 . Accept Reject
« Open architectures
3
B R °" " 3% the OOW
* Multi-user/Multi-location

- Simulator [ Autopilot I Users |

Lermame Status Location

You may take over OOW since there i no current OOW

- U
e Alice (you) Standing by + Marina
) In control ASY Portchester Mission Con

Not ready Mothership

Lost connection Customer Conltrol Centre

L3HARRIS DEEP WIND ONLINE WEBINAR L3Harris Proprietary 14



L3Harris C-Worker 15 USV

* Brings together these
advances

« 21 day endurance, OTH

« LAR towed sensors and
Inspection class ROV
payloads

L3HARRIS DEEP WIND ONLINE WEBINAR L3Harris Proprietary 15
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SOAR overview

* An Innovate UK funded project
* Budget: nearly GBP 2 million
* 2-year project, 1 October 2021 - 30 September 2023

* Project partners:
* Planet Ocean / ecoSUB Robotics — Project Lead
* Sonardyne

HydroSurv

National Oceanography Centre

Royal Holloway University of London

Offshore Renewable Energy Catapult

* Objective: step change in the use of role specific, multi-
platform robotic swarms

SoOAR

Squads of Adaptive Robots

Planet e<oSUES,
Ocean robotjcs

(M Sonardyne

HydroSury

National
Oceanography
Centre

ROYAL

FOLLONGY

caTAPULT

Offshore Renewable Energy



SoAR objectives

* Develop an accessible solution to operate heterogeneous
networks of robots
* An open network — any robot can join

* Provide a dynamic and scalable communications protocol

* Autonomy engine
* Squad mission planning
* Continuous monitoring of networked vehicles

* Re-tasking of the fleet to ensure mission objectives are
completed

* Simplify the operation of collecting data with squads of
robots

SoOAR

Squads of Adaptive Robots

‘ Planet e<oSUES,
Ocean robotics
(M Sonardyne

HydroSury

National
Oceanography
Centre

FOLLONGY

caTAPULT

Offshore Renewable Energy



The squad

REAV-60
HydroSurv
USV - Gateway coms

ecoSUBmM5-Power+ Scout
ecoSUB Robotics
AUV Fleet — Large area survey

AUTOSUB Hover-1
National Oceanography Centre
AUV - Close inspection

SoAR

Squiads of Adaptive Robots

Planet €<oSUEs
Ocean rr%@’tﬁ?\s‘

(M Sonardyne

HydroSgEy

Unmanned In

National
Oceanography
Centre

ROYAL

HOLLOWAY

caTAPULT

Offshore Renewable Energy



Major project outputs — Architecture

SDAE |

T AL B
Vevardpene

(. g

HydroSery adp

—

Cloud/Server

Communications

Water Surface

’Smmm

= REAV-60

Backbone

.
NOC C2
Adapter

v
GUI
Adapter

Comms Backbone

¢ Three key components
+ Common messaging protocol
* Centralised messaging system
+ Client adapters

* Delivers interoperability between proprietary systems

* Collaborative mission control, management and connectivity

Manager
i

Communication

NOC C2

Monitoring
GUI

(e

Underwater

SoOAR

Squads of Adaptive Robots

Planet
Ocean \Eﬁﬂg
(M Sonardyne

HydroSurv

Unmanned Ingenuity
National
Oceanography
Centre

ROYAL

HOLLOWAY

cAaTAPULT

Offshore Renewable Energy



Major project outputs — Autonomy Engine

Offline part architecture

Task allocator/ |
mCPP (Offline)

Objectives and Constraints

«———— Planning GUI

PDDL
Problem

|

PDDL Plan
(Action
sequence)

—

(OPTIC)

Knowledge
Base

l

Problem
Generator

PDDL Solver

.PDDL Domain|

REACTIVE
LAYER

SoOAR

Squiads of Adaptive Robots
Online part architecture

Veﬁicle Stétus
Update
S Planet ewSUBS

Ocean robotjcs

!

|
1 1 1 l ;

Missed Zone'

‘ Energy Integrity Tife. Reactor Position Detection
Reactor Reactor Reactor Reactor | Reactor w Sonardyne
i &
| HydroSurv
Centl’al Unmanned Ingenuity
Reactor |~ T
v ' National
) | Task Allocator| | USV Path Oceanography
(S et "| (HTN or not) correction Centre
Knowledge
Base
ROYAL
l HOLLOWAY
Problem
Generation

PDDLlSoIver CATAPU lT

m Offshore Renewable Energy



Major project outputs - HIVE
SOAR

Squiads of Adaptive Robots

* HIVE

* Gateway system

* Hermes C3 integrated for ecoSUB
coms

* Sonardyne Ranger 2 integration for
USBL tracking and navigation aid

Planet €<oSUEs
Ocean r&@’tﬁg\g

(M Sonardyne

* SOAR message handling

* Interface between Coms Backbone
and Coms Manager

* Ability to be local host for SOAR
Autonomy Engine

HydroSurv

National
Oceanography
Centre

ROYAL

HOLLOWAY

caTAPULT

Offshore Renewable Energy



SoAR

Squads of Adaptive Robols

* Remote Operations Centre (ROC)

* Central hub for human oversight and
coordination of the entire fleet of
USVs and AUVs

* The modularised ROC features three
operator stations and enables
secure Beyond Visual Line of Sight
(BVLoS) operations via a VPN
connection

* REAV-60 Long Endurance USV

* Upgrades to ensure compliance with g
the latest requlatory standards =
* Significantly elevated the system's

integrity and performance in real-
world operational environments

Planet ©<oSUBS
Ocean r&@'ﬁ@s‘

(M Sonardyne

Hydro Sury

National
Oceanography
Centre

caTAPULT

Offshore Renewable Energy



Major project outputs - ecoSUB
SoAR

'~ Robots
* ecoSUBmM5-Power+ AUV ORI AT CRie

* Increased power for payload or
range

* Increased payload capacity

* Increased propulsion power

* Integrated Sonardyne AvTrak 6
Nano modem

* Jetson Orin Nano (JON) backseat
computer

* ecoCAM 4k video and still
camera encoding on JON for
machine vision applications

* Dry weight 17kg

Planet €<oSUEs
Ocean T%&t@\s‘

(M Sonardyne

HydroSury

National
Oceanography
Centre

RSN ROYAL

HOLLOWAY

caTAPULT

Offshore Renewable Energy



Major project outputs — ORE Catapult

* PNOOO503 Squads of Adaptive
Robots — Business Case
Analysis PN000503 Squads of Adaptive

Robots - Business Case Analysis Planet €coSUB
N— )
Ocean v@b@tlcs

SoOAR

Squiads of Adaptive Robots

catAPULT

* Comprehensive study

* Analysis of impact of SOAR model
compared against current
approach

e |dentified cost reduction of 78%
for geophysical survey
e Reduced mission time

(M Sonardyne

HydruSurv

''''''''''''''

National
Oceanography
Centre

Author: Ruth Wilson-Nash and

* Quicker surveying (with squad)

Date: 02/06/2023

* Simultaneous survey activity

HOLLOWAY

* Requires mothership where robots
return for charging

cAaTAPULT

Offshore Renewable Energy



July 2023 SoAR Trials

* 18-member
core team, plus
support and

SoOAR

Squiads of Adaptive Robots

ecoSUB
observers @ 5t i
* Operated In M Sonardyne
Plymouth Sound
HydroSur
° Four Support S S
vessels from giﬁzﬂiz,raphy
Sonadyne, MBA Centre

and HydroSurv

(X
§948E’ | HOLLOWAY
O,

caTAPULT

Offshore Renewable Energy




Example mission

Hotel — 240m x 240m

Cawsands South

Map data
yet availab,.

‘ap data not
~vailable

ap data .. ¢
set available

ROYAL
HOLLOWAY




Example mission

v
& 7 . T 15:33:02
+ & 52 73 b 7, toy 200 ft
17 .: £ "‘. 9% 0.04 nm
7 5 : %
gt 6s 7 9 9
T 9%
15:29:29
Q| :
\ 74 9 10
6 6
52 .
' " % 15:25:57
2 9 10,
5 6
55 73 A ! . 15:22:24
Craft 8" B
ng Area 6; /7 10,
10,
6 " 10, | 106 15:18:51
i ecoS@B\ T o
N 1 6
ROTICS* 2 .
. % 1 10¢ s 15:15:18
50.3288 : -4.18799 83 { 10
J R 7 Do not use for navigation | Copyright ® ecoSUB Limited Time

SoAR

Squiads of Adaptive Robotrs

Planet ©<oSUBS
Ocean fﬁ@%@\s‘

(M Sonardyne

HydrmSyjy

Unmanned n

National
Oceanography
Centre

ROYAL

HOLLOWAY

caTAPULT

Offshore Renewable Energy



Example mission
SOAR

Squads of Adaptive Robots

Actual ecoSUB and USV

tracks shown

Planet €SB\
Ocean robotjcs

USV station keeping

within a defined radius (M Sonardyne

HydroSurv

National
Oceanography
Centre

ecoSUB delivered
requested routes, with
one early finish

Small test area created unrealistic
turn constraints
Targets manually inserted

caTAPULT

Offshore Renewable Energy




Example mission
SOAR

Squads of Adaptive Robots

AH-1 tasking to

visit target locations
(ecoSUB tracks removed

Planet e«SUBS

for clarity) ‘ Ocean r@@@ﬁ@s
Exclusion zone lifted due (M Sonardyne
to constrained operating area.

HydroSurv
Note several options
for exclusion: National
- 1o go Qemearzeiy
- NO survey

- no surface transit
- sub-surface constraint...

caTAPULT

Offshore Renewable Energy



System Trials — key outcomes

* Various hardware developments that stand-up on their own merit

* Autonomy Engine delivered mission plans, constraints, surface vehicle re-
tasking based on understanding of vehicle and environmental parameters

* The communications backbone shared missions, position data and vehicle
status around the system

* The USV effective as coms gateway, enabled by Sonardyne’s USBL system
and HIVE

* Mission visualisation via the GUI — viewable from anywhere

* Safety controls including vehicle aborts demonstrated

* Full Autonomy Engine solution not ready for commercialisation
Immediately, but huge progress made

SoOAR

Squads of Adaptive Robots

‘ Planet e<oSUES,
Ocean robotics
(M Sonardyne

Hyaro S ey

National
Oceanography
Centre

caTAPULT

Offshore Renewable Energy
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This work was supported by Innovate UK [project number 10012626]

Innovate
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Q&A Session
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Michael Ellis
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