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Vessel Traffic System
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DEFENCE AND SPACE

Earth Observatlon Constellatlons

_ -Large commercial satellite constellatlon with Wlde range of modes,
resolutions; swathes and revisit frequencies.

Partnershlps ensure dlverS|ty |nclud|ng non-imagery data (HaWkEye)
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DEFENCE AND SPACE :
[ Airbus Amber ]

Sltu atl O nal Awareness Activityawareness from coastline to deep sea.
for Safer Oceans

Assistance to coastguards and naval forces for
defence missions.

Identification of illegal activities for law enforcement at sea (drug
trafficking, vessel hijacking, illegal fishing and more).

Securing and optimising personnel and fleet
management.

Increasing Search & Rescue operation effectiveness.

The experience of our analysts is augmented
with the latestin machinelearning, artificial
Intelligence and automated analytics to rapidly
process avariety of data sources

AIRBUS



DEFENCE AND SPACE
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Maritime Surveillance Service



DEFENCE AND SPACE

Royal Navy
Maritime
Survelllance
Service

Vessel
detection,
recognition &
reporting

Radar imaging
with AIS data

[ Airbus Amber ]

VDR’s delivered for areas of
interest & classification of
‘dark’ vessels . AIRBUS

TSX-1 04/07/2021 06:33:32
S EAR e

Generated from Sentinel &
Airbus Radar constellation
through our fully
automated processing
chain

Processing performed on
Airbus UK premises secure
server

Exportedin.kmzand .txt
formats.

Customised vessel T ——

colour coding * Vessel Detection Reports

Launch / Land Site
Email notification with Analysis

analytics Add-on Service of Global

ACTs AIRBUS



[ Airbus Amber ]
DEFENCE AND SPACE

SAR & AIS Vessel Detection Report (VDR) Benefits

Fully Less than 1h
AUtO m a_ted Rel | ab I e Average service delivery from

image acquisition to VDR product

Possibility to use stationin

24/7 Pe rf ormance Singapore for the Pacific
Operational Service _
In terms of detection rate and false

alarm rejection

SAR
Correlated
Superior with AlS

Airbus SAR multi-frequency ship Identified vessels from SAR
detection algorithm correlated with live AIS ExactEarth
data feed

AIRBUS



DEFENCE AND SPACE [ Airbus Amber ]

Vessel Detection Report — VDR
TSX acquisition — 12t June 2021
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[ Airbus Amber ]

AIRBUS DETE c;:dze\'FC7

Example VDRs — Sea of Asov 0 = Example of darkvessel
ot o determined by the algorithm.

®

Stream of vessels with no AIS
heading to/from Rostov/Mariupol



Technical Overview

AIRBUS



[ Airbus Amber ]
DEFENCE AND SPACE

Imagery — Airbus Radar constellation Acquisition Modes

a4 e N

Wide ScanSAR ScanSAR StripMap High Res. SpotLight Staring SpotLight
& SpotLight

Multi-resolution — Multi-scale — Multi-polarized:

Acquisition Modes for various Applications

40m Resolution 18m Resolution 3m Resolution 1m/2m Resolution 0.25m Resolution
200 - 270 x 200km 100 x 150km 30 x 50km 10x 5km/ 10 x 10 km 4x 3.7kmor 2.5 x 7.5km
Large area maritime Detailed maritime Detection & classification Recognition of objects Identification of objects
monitoring of traffic, oil, ice monitoring & detection of vessels, infrastructure, etc. (aircrafts, hangars,
vessels,..)
\SDlp_lﬁ_D.glhﬂ_Qm /\Lml_o_hi length >10m /

Recognition & Classification Identification

AIRBUS




DEFENCE AND SPACE

Imagery tasking process (1/2)

Areas of interest
provided by JMSC
to Airbus typically
10 days before the

first day of
acquisitions

Acquisition cycle of
2 consecutive

weeks with 2
images acquired
per day

Airbus prepares a

tasking plan (.kml)

with few options for
JMSC

JMSC selects the
plan

[ Airbus Amber ]

Airbus tasks the
satellite(s)

AIRBUS



[ Airbus Amber ]
DEFENCE AND SPACE

Imagery tasking process (2/2)

Tasking plan for weeks 45 and 46 (17" November to 30" November)
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[ Airbus Amber ]
DEFENCE AND SPACE

VDR SAR/AIS output (.kmz) (1/3)

TSX-1 04/07/2021 06:33:32

SCanSAR mage

AlS correlation window +-15m respect to image acquisition
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DEFENCE AND SPACE

VDR SAR/AIS output (.kmz) (2/3)

TSX-1 04/07/2021 06:33:32
ScanSAR mage

Gobgle Earth
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DEFENCE AND SPACE

VDR SAR/AIS output (.kmz) (3/3)
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DEFENCE AND SPACE AirbusAmber

Example of automated email with VDR analytics

do_not_reply@airbus.com
i Maritime Surveillance Service - TSX_ 20210704 063333 VDR
To
Ny, TSX_20210704_063333_colour QUTPUTkmz _ B TSH_20210704_063333.bet B
2MB =l 45KB

==* This message was automatically generated by the Airbus DMPS System ***

Dear Customer,
The Vessel Detection Report for the TSX ScanSAR image acquired on 20210704 at 063333 UTC has been uploaded on the SFTP link and attached to this email for your reference.
Analytics

24 vessels in total have been detected, 9 with correlated AIS.

Kind Regards,
Airbus UK Maritime Team

If you wish to contact us about this email or any other matter please contact ukintelligencemaritime ops(@airbus.com

Attachment File 1: TSX_20210704_063333_colour OUTPUT kmz

Attachment File 2: TSX_20210704_063333 ixt
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[ Airbus Amber ]
DEFENCE AND SPACE

GLRT vs. CFAR SAR Vessel Detection Algorithms (1/2)
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CFAR: Constant False Alarm Rate
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[ Airbus Amber ]
DEFENCE AND SPACE

GLRT vs. CFAR SAR Vessel Detection Algorithms (2/2)

: | Clutterestimation
Preprocessing > i —>

G
L . .
Input - Output Since 2016 Airbus has been
—>]
parameters Ratio Test Algorithm for ship

detection (GLRT)

> a SAR multi-frequency ship
O et dswbuton | | detection algorithm

GLRT: Generalized Likelihood Ratio Test

=

> compared against &
outperformed the standard CFAR
algorithm in operational
environment

Intensity

P.lervolino and R. Guida, "A Novel Ship Detector Based on the Generalized-Likelihood Ratio Test for SAR Imagery," in IEEE AIRBUS
JSTARS, vol. 10, no. 8, pp. 3616-3630,Aug. 2017.



DEFENCE AND SPACE

Radio Frequency Detection

HawkEye360 RF data use cases:

Monitor Large EEZs

Geolocate Vessels that:

Spoof or turn off their AIS
Are not equipped with AIS

Validate AIS Messages

Independent Geolocation

* QOperations in GPS denied environments

[ Airbus Amber ]

Frequency Rangefrom 144 MHz to 15 GHz

,"l.utnrnan-: Identification UHF %-Band Marine

System (AlS) Push-to-Talk Radios Mavigation Radar
WHF Push-to-Talk Emergency Satellite Mobile ¥-Band Marnine
Radios Radiobeacons Devices Mavigation Radar
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Offer and analytics:

* Today HawkEye360 constellation has reached 15 satellites
= Aim isto reach 20 clusters of three satellites by 2025

* Up 7 revisits/day over most regions

* Expected Latency ~7h (RFgeo), targetis 15’

* Analytics assigning AIS to RF data

* Analytics assigning dark vessels’ flags to RF data

AIRBUS



Capabilities Enhancement
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Capabilities Enhancement

Short Term Medium Term

Filtering out known permanent
features on the sea

Sentinel-1 Integration

Dark vessel
classification by

exploiting ML & Deep

Learning techniques

1 Automated optical vessel :
detection to utilise
additional satellites

Automated Oil Spill
Detection

Vessel abnormal
behaviours analytics
combining RF, AIS and

SAR data

Y Using SAR or RF data to
w® Tip & Cue’ Pleiades |
® ), NEO optical satellite |55

SAR Port Monitoring
via ATR

UK NovaSAR Integration

P
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Other SAR Integration
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Key Facts & Key Takeaways
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[ Airbus Amber ]

Key Facts

VDRs Delivered

e 2021-726 UKEEZ +5 Add on Global AQOls
e 2022-321 UK EEZ + 86 Add on Global AOls
Average Stats
® 16 vessels identified per VDR
® Currently 53% Dark targets
e Last 3 months, median end to end time (from image acquisition) is 48 minutes, median processing time 28 minutes
e Minimum E2E is 22 minutes!

Service developed with and used by the UK Navy to provide surveillance in overseas water. Every part of the service has
been created working with them, fixing issues and satisfying needs. Excellent feedback from the customer.

AIRBUS



[ Airbus Amber ]

Key Takeaways

e Automatic generation of VDR from SAR and AIS data

e Use of a superior SAR multi-frequency ship detection algorithm

e Reliable performance in terms of detection rate and false alarm rejection
e Operational Service available 24/7

e Scalable, affordable, pricing model based on tokens
(like a pay as you go phone)

AIRBUS



Time for questions and discussion !
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