living planet|Bonny

23-27 May

symposium | 2022

. TAKING THE PULSE .

OF OUR PLANET FROM SPACE

/“___,
deimos Gesa

@ eumetsat  Secmwr  ((zUspar

ESANAV: A HAPS and satellite Earth Observation technology
roadmap for low-latency maritime applications

C4.02.1 HAPS - High-Altitude Pseudo Satellites Dr. Michael Wilby

26.05.22 - 09:15 CEST Deimos Space UK Ltd.
Patrick Talon, Stefania Cornara
Juan Ignacio Bravo, David Petit, Paulo Rosa
ESA UNCLASSIFIED — For ESA Official Use Only © Copyright Deimos Space UK Ltd.

= = P EE IR EEEBEEESENEEPE DG = = N EE > THE EUROPEAN SPACE AGENCY



Project Context @ o o . deins. esa

"5 HOW WOULD YOU USE SPACE TECHNOLOGY
ESA Open Space Innovation Platform ‘TO ENABLE AUTONOMOUS SHIPPING?

Space for the Oceans
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Goals:

O Feasibility study of emerging EO technologies
for vessel navigation applications

O Robust, low-latency maritime hazard
perception & tracking

O Over-the-horizon collision risk identification

Lower costs Increase safety Reduce environmental Solve crew Improve working
Q Develop & evaluate near-future system impacts shortages conditions
COﬂCEptS
#Spacel9plus. 8
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Autonomous Surface Vessels (ASVs) delmos Eesa

Applications:

Now | ° Bathymetric surveying
« Surveillance & support vessels
« Mine clearance

2025 | ¢ Short-sea shipping
« Offshore infrastructure logistics

2030+ | * Trans-oceanic shipping
v « Smart port tugs
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Global Shipping Density (2020) deins. esa
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Source: Marine Traffic (www.marinetraffic.com)
UNOSAT Global Report on Maritime Piracy (2014)

Global Risk Hotspots

Figure 2: Main maritime circulation and acts of piracy and armed robbery, 2006-2013
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High density of maritime traffic
Secondary shipping routes

High level of piracy ats over a large area
O High level of piracy acts in isolated locations
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Maritime Situational Awareness (SA) deins. esa

SA timeliness
Sub-minute Hourly

<

AlS information incomplete

« Small vesse_l & non-vessel collision hazards Small-area IRITE
» Malicious GNSS spoofing & interference

Service Requirements

« 24/7, all-weather availability

« Collision hazard unique ID & tracking
» Precise positioning & forecasting

Medi . C W Inland Waters
Vessel-mounted sensors Sl EE oastal Waters - gpinning Lanes

« Range-limited, easily occluded (10?«:12‘1)000 Eiéi%’c?;éi%osts Offshore
« Data streaming bandwidth limitations Installations
* Fleet duplication costs _ _
VWl [SE-T(--0l < Piracy Hotspots Arctic Waters . Deep sea

SOOIy © Conflict Zones
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Maritime Hazard Visibility deins. esa

.. . Length Visible/NIR TIR SAR
Vessel visible/IR detectability &
Visible MWIR LWIR |
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Ice Hazards

Misc.

Imaging Conditions

Peckham, J. 2019, Thesis, Autonomous real-time infrared Key:

i . _ Medium-confidence detection Marginal/inconsistent detection
detection of sub-surface vessels for unmanned aircraft systems
oi ' atic avail: : *i d ifvi ' 5 SOV :
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VHR EO Constellation Requirements deins. esa

40
MWEMSA opermicus
Optical (14) SAR (3) 37 0.25
Deimos-2 Radarsat-2 % > 0208
Pleiades 1A/1B TerraSAR-X 8, z
Superview 1-4 PAZ = 0152
Spot 6/7 g7 =
Worldview 1-3 10 - 1
GeoEye-1 . 0.05
0
O Visible & SAR - maturing T e T e T

Planet, Satellogic, ICEYE,

Capella Space... “Images per day” metric
O Thermal Infrared - concept stage irrelevant - Uniformity
Satellite Vu, Hydrosat of revisit is critical
ESA UNCLASSIFIED - For ESA Official Use Only © Copyright Deimos Space UK Ltd.
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HAPS Capabilities
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Optical utility @ 30° incidence = 35km = 3800km?

Radar utility @ 15° incidence = 70 km = 15,000 km? b e
Comms horizon @ 5° incidence = 200km = 125,000 km?2 _ F’ H,-ghlwza,d Aol _
s . ROME | Diksmuid o
Horizon scan = 400km range b Uckiel s B osuelare ez T
T — Heathfig -

Image Credit: Airbus, HAPS4ESA 2019 | Nin
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v' 20 km altitude, multi-month persistence % A T
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v Sub-metre optical & SAR payloads LS ain oE,

Lens“{ Salnt—.ﬁ.mag. !gf-l-:ﬁauw—-mgﬂ.

» 1st generation HAPS limited to low
latitudes (<35°) or summer operation
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HAPS Capabilities

delmos @esa

C-SAR payload: sub-metre imaging with ~1 minute integration
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Image Credit: Baumgartner, S. et al. (DLR), HAPS4ESA 2017
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Hybrid Maritime Monitoring System

Onboard :f=9:

Processing ' Next-Generation Satellite

Constellation

Fixed-wing High-Altitude [m]: Onboard -—-—_-___'"“"'-—---_..
——p Raw data ixed-wing |g. -Altitude  :{H] Processing /
Ancillary data Pseudo-Satellite (HAPS) Data Fusion

—» Commercial product

—————
-
-—— -
-—— =
-
-——

—_
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e m———
-——
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Ground Station
Network

Hazard Reports AlS
+ VTS Comms Data

||||||

-~ E Data Fusion +

— Quality Control

Vessel Traffic
Services (VTS)
Centre

ey

o “*Waterspace Users \
E Redundant HAPSX Eﬁ:{k

Maritime Hazards
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Need for Onboard Processing

D /&

European Maritime Safety Agency

« Enriched Vessel Service (EVS)
« Enriched Feature Service (EFS)

« Vessel Detection Service (VDS)

EOQ Image . Fgature Detect!on Service (FDS) « Wake Detection Service (WDS) Downlink &
= Oil Spill Detection o . ) .
« Activity Detection Service (ADS) Processing
Latency
SAR* 25 min 20 min 30 min
Optical* 30 min 40 min 50 min -
P Deimos-2 (PAN) Uil h5 S HAPS (RGB) HAPS (SAR)
(stripmap)
Coverage 12 km swath 30 km swath 20 km radius 25 km swath
GSD 1m 4 m 2m 0.5 m
OI:IbO_a_I‘d processing offe_rs In:zage / Pulse Con:lltr:uous 4000 Hz 0.3 FPS 5400 Hz
significant advantages in requency (pushbroom)
Iaten_cy’ bandwidth |._|s_e_and Repeat cycle 1.5-hour orbit 1.5-hour orbit 1-minute scan . 1t—m|nt:_te
delivery mode flexibility integration
Raw data rate
(Mbps) 890 480 310 1900
Pay_loa_ld 9°mm bandwidth Contact t:me per 8 min (4x GS) 8 min (4x GS) Continuous Continuous
limitations for raw data cycle
streaming Est. downlink 5000 1400 160 480
needs (Mbps)
pay'“":;ap"h"'tv 160 300 ~100 ~100
ESA UNCLASSIFIED - For ESA Official Use Only © Copyright Deimos Space UK Ltd. ( ps)
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Multidisciplinary Roadmap deins. esa

Low-hanging fruit — but cross-sector initiatives & system certifiability key for autonomous vessel applications

" rimeline L2022 |1z |1 Jawso| 1 las| || T

Ports & Chokepoints Low-Latitude Deployment High-latitude Deployment Airship HAPS Products
Coastal Waters Hybrid Satellite/HAPS System Demos Mature/Large HAPS Fleet Systems

Optical + SAR Services Mature NRT Products Thermal IR Capabilities Low-Latency Products
Segment |
Early Technology Demonstration
HAPS Fixed-Wing HAPS Market Entry
Technologies Non-Solar HAPS Market Entry
Airship HAPS Market Entry
Virtual Canstellation Services Virtual Constellation Augmentation
Satellite High-Resolution Thermal Infrared Constellation Deployment
Technologies Onboard Processing Hardware Maturation

Low-Latency OBIP Constellation Deployment
Maritime Hazard  Algorithm Demonstration

Perception HAPS Onboard Implementation Satellite Onboard Implementation
Technologies Inverse SAR for Airship HAPS
ASV Reduced-crew/semi-autonomous (L1/2)
Technologies Uncrewed teleoperated coastal vessels (L3) Fully-autonomous coastal vessels (L4)
(Autonomy Level) Teleoperated ocean-going vessels (L3) Fully-autonomous ocean-going vessels (L4)
ESA UNCLASSIFIED — For ESA Official Use Only © Copyright Deimos Space UK Ltd. 14
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Conclusions , deins. esa

« Maritime navigational service applications have 2035
significant need for 24/7, sub-metre, sub-minute EO
iImagery products

« Hybrid solutions fusing LEO and HAPS VHR data Early Initial Advanced Mature
. . ) > Technology Commercial Technology Commercial
promising for dynamlc coverage of up to ~500km Demonstration Exploitation Maturation Exploitation
regions

Onboard E . )
Processing Next-Generation Satellite

« Application of third-party data services for safety- - ——————-—""""""""""""—————___

‘e .. . . ==. Onboard
critical autonomous decision making requires —> Rawdat Fixedwing High-Alttude (B processing
: Ancillary data seudo-Satellite (HAPS) Data Fusion
extensive system performance & robustness —> conmercalproduct }2;/

certification

» BUT: roadmap opens many opportunities for
intermediate non-safety-critical NRT applications. .

-

/ Ground Station

Network

« Focus needed on robust detection, tracking and :.i )
forecasting algorithms for non-AlS-broadcasting h Vessel Traffic

hazards o
Marltlme Hazards * entre

Waterspace Users

Redundant HAPS %
ESA UNCLASSIFIED - For ESA Official Use Only © Copyright Deimos Space UK Ltd. Platform

- =W 4 11 = Il — 0 = = e Bl EE 2= E — B L » THE EUROPEAN SPACE AGENCY

Hazard Reports
+ VTS Comms




Find out more about Deimos’ activities delmos Eesa

Onboard intelligence for EO applications:

satd EO | /EO ERT satZEO+
insight4EO ‘

E1.05.1, Fri 11:10 (Berlin)

EOALERT

E1.02.1, Fri 14:15 (H1-01)

Visit us at Booth #6
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