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Satellite Applications
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We offer unique facilities designed specifically to reduce the
barriers to the growth of the space sector

ENERGISE |EMPOWER | ENABLE

Cur strategy & 10 sccelerats the growth of the satellte applications
sectar, by focusing on three themes across targeted markets.
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2021 Global Satellite Industry Revenues

The Satellite Industry in Context

{2021 reveriues woridwie in billions of LS. doliars| Satellite

Services

&

2021 Revenues:
$118B

Satellite Services

Y

Tolacammunicationa

Non-Satellite Industry
Govarnment space budgets
Commarelal human spaceflight

Remate Sensing

consumer  $98.4B
Satellits TV (DESTTH)
Satellite Radio [DARE)

Satellite End:User Broadband
Entarpriae

$17.2B

Managed Services Dver FSS Bands
Mobie Voice nrd Dals Over MSS Bands

$2.7B

5578

Global Space

Economy Remate Senaing

Emproved capability, Innovative
application of smallsats

Maora capable, lawer cost GEO sats

/( Satellite Manutacturing

Ground Equipment
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$13.7B

Satellite
Manufacturing

Natwaork Eguipment

Consumer Equipmaent

Peopared Dy
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TECH

. a Ground Segment
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Growlng on-thismoyve connectivity
6.58 ONES satellie-enabled emartphones, other devices

Satellite
Manufacturing

Ground
Equipment

2021 Revenues:
$142B

o S

2021 Revenues:
$13.7B

$6.28
$17.3B

‘Consumer Equipment
{Satellite TV dishes, elo )
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{GNSS dewcen/chipoata)

$14.7B sama
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Mission Type

More atfordable inunches Mow PLED aystems In beta

Mzre GEQ satcam capacity enabling

Increasod launch sciivity oy

Moo lsuneh eholeas, capacity More commercial remaote sansing

shaices, capniliies
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Broadband, sntellite radio Installations on the rise
Televislon viewership changlng from traditlonal models

catTAPULT

Satellite Applications

x

I Launch
Industry

2021 Revenues:

$5.7B

Commariaty-
procured
launchis®

Non-U.5,

31 rvamemrrialy pratanad st B A8 kel et

Commercial Launch Revenues
by Region

Changing Industry Dynamics: Increasing Affordability and Productivity, New Capabilities

Increasing productivity
Incremsing affordatdifty
Mow capabllities
Ecanamic growth
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Challenges and Opportunities CATAPULT

Ubiquitous Positioning, Navigation & Timing (PNT) Environment mapping

‘Making PNT work anywhere — outdoors, indoors, Creation and maintenance of accurate maps for
partially covered spaces’. large areas — including timely weather conditions
Key ITS enabling platforms are built upon GNSS « Enabling technologies (e.g. LIDAR) requires
services of Positioning, Navigation & Timing accurate PNT services

» 5G/6G based positioning » Spatially accurate

« Satcom network for timing and positioning * Mapping from aerial imagery
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Challenges and Opportunities cATAPUl.T

Satellite Applications

Ubiquitous Communication Connectivity Capacity

Deploying cost effective connectivity solutions Elastic connectivity architecture with ability for rapid

« Rural vs urban reconfiguration & prioritisation

* Connected services
* Cross-Border

« Consumer demand for data (QoS expectations)
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Terrestrial Networks — on its own A CATAPUI.T

Satellite Applications

The deployment of terrestrial technology poses limitations and is expensive
at scale — therefore not sustainable

Communication Bearer
(3G, LTE)

ﬁ’;}ﬁsingle

3
point of failure

Commercial mobile network deployment ‘ﬁ ﬁ
focussed high usage area @ ;
(e.g. cities, busy roads) a
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(A
Trends in Satellite Communication A CATAPU'.T

Satellite Applications

Satellite Bandwidth increasing: 1Gbps - 100Gbps
Service costs reducing: £5k > £50/month
Equipment cost reducing: £5k = £500

Global bea Wide bea Wide beam 1500-3000km
Hemisphere beam Regional beam Regional beam 700-15000km
Spot beam (3000-4000km) Spot beam 1000-2000km Spot beam 300-700km
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e Decreasing data costs
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Inmarsat Intelsat Intelsat Eutelsat 03B Networks Kepler

Global Xpress  EPICNG (33¢)  EPIC NG (29¢) KA-SAT Nanosatellites One Of the biggest barrlers




Holistic Approach to Key Enablers

Combined
with
non-space
technologies

Remote Sensing

Catapult Open
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Space
Technologies as
enablers

Xo' R
Telecommunications PNT

loT <~

; — Al

Terrestrial
Networks

T Big Data
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Hybrid Approach - Emergency Services - Most critical and demanding use CATAPULT

Satellite Applications

Catapult Open

f—
; catAPULT
Emergency Services i et
B Connectivity Everywhere (Resilience) - Emergency Services
ESMCP Demonstrator
Always able to communicate to/from vehicle/infrastructure
Homeoffice Programme ESMCP — the future of blue light services communications ‘ E
Transition from dedicated i \
Tetra communication network ‘A”a“d'gm shifttoeiplortthe ‘ o
, latest technology and high ‘ - 5

to use of commercially bandwidth services using state - ‘ !
available mobile technology of the art information systems -

and applicationsfor the ®

benefit of the emergency L

services. Ll rg _9,_: - o '.'I' - (

-y el o

Airmax ' ° =

== Some feedback = - .

e e i * Bulky L1 T

«  Expensive kit
. . ! + Hard to integrate Saving lives Irrespective of where you are ...
An example of response to large scale regional and national agenda
fr—— [——
hybrid
. . i r
Project - Lightbar ESA - Hybrid-Connex YoRnex

Innovation challenges
+ Small form factor

» Cost effective

* Robust and resilient

ESA Lightbar project

« Academia and indusfry

= From innovation to commercialisation
+  Access to early cutting-edge terminals

Objective - Provide on-the-road fallover communications across NHS Trusts and
integrated care pathways, using the latest satellite and cellulartechnology and a
universal data system that connects and monltors the fleet.

Approach

+ Develop inwvehicle solution for hybrid communicationas well as cloud counterpart
*  Use of multiple cellular communication (including 5GNR) and Satcom

E_}._éeh!rate CAT,

_W&_ O vodafone

Hybrid Connectivity as a Service (HCaas) | ESA TIA




Hybrid approach — the eCall Use Case — Mass Market opportunity
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Eataput Opm

eCall service

Lets emergency services know there has been an accident

Most Appropriate

Vehicle in

incident Voice (112)

Voice (E112)

Vehicle in

incident Valce (112)

partners across 15 countries

Enhancing using satellite communications

Lets emergency services know there has been an accident

Satellite eCall

|_HeERO EU funded project on eCall with =60

Saving lives irrespective of where you are .....

CabapustOpm

i e
t‘e Most &Ppropnaze
PSAP

Eataput Opm

sAFE - aftermarket opportunity

CEN WG15 Standard
eCall over Satellite

SETERIA - eCall over Satellite

Concept | from Standards):
- g

S =
Project aim: emulation of NG-eCall wia satellite. Testbead
creation = —
R ] =\ =
7 paies = R L) |
i
= o
Coms ortium:
tesd carhPULT

—- R

Funder: @esa
Total (EUR): 500k
SAC Value (EUR) 320k

Exi Sance Prowder e anan

Clepuzdpm

UC BidTech lead: Angel Almeda & Aunprakash Jayaprakash
[BiPM parsan Laura Simmans

I T

Overall Concept

eCalliz a vahicle safaty featura that aBows the establishmant of an emergancy cafl to the
amargendy sarvices I an incdent of accldent happens. eColl System wses terrestrisl
networks onty. This project axplores the reguarements of Next Generation eCall (NG-eCall)
o b used via Satallite, anabling ubiquitous NG-eCal

Tedmll:al Objective
Createa testhed for amulating NG-eCalls via satallite with PHY layer impairments
|doppler, multipath, atc) and Layer 23 npalrments (latency, jitter, packst logs, etc).
2. Understanding the adjustments required when usang LED{EED satelite networks for
dalivering high-guality NG-aCalls with naw servicas | hacka).
3. Enhancing the testbed for routing NG-eCalls |hruuzh Ihe amulator, 35 well 35
commargial LEO satedita and private G natworks.

Apprua.d1
Emulation of PHY kayer impalrments, incorporating PHY high-level effacts and
behavioursin Laver 2,3 emulator

*  Development of NG-aCall compatible IMS

*  Imtegration of VS, emulator, IMS and PSAF in testhed

*  Addition of commercial satallite terminats and 56 terminats and networks, as well as
an inteligent routing agent 1o the testbed.




Autonomous Systems — Mass Market Opportunity
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Eaiszut O

PACV (Pathway to Autonomous Vehicle)

WS Lk st

Tine Srusman Womezog ez

lictyrel carapULT

UVERSIT Ver
PoETEATLTH

How healthy is the lead vehicle?

Objective
Predictive maintenance of tyres using Al and
remate manitaring of tyre pressure

Approach

= Use af cellularand satellite communication
to relay datato Al platform

* Local alerts to driver and fleet management
notification

Imapes for ikssanan onke copmaghi - 2 parties

[ gy

ap LR R

EU Project - 5G-MOBIX

5 Mational EU test site

2 Cross-border test sites

1 5-Korean test site

1 China Trial site in Jinan (SDAS)

S
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1. Filling coverage gaps + resilience
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2. Interconnecting Edge Compute Platforms

RASR

Robetics & Automation for Sall Resllience

Funder: E"—“"

Total: £750k
SAC Value: E190,370x

Angel Ameda
Suzanne Codins | James Canning

w

Overall Concept

Accedarate the automation and standardisation of sof health campéing, monitoring and
anabysis 1o unbock sod resdance matrcs, productivity gains and emerging markets by
devaloping a cost-effective, fully autonemous robotic patform designad and tested across
arange of tarrains and farms whist incorporating an agnostic'plug and play’ sensor
payioad,

UC BidTach bead:
Bid'FM

Technical Objective

Create 5 working robotic protatypas equipped with sensors suitable for defvering
eomimarcially viable soll health, earbon, nitrogen and blodiversity data in farming
anvironmants

Approach

1. Develop 3 cost-effective, Znd generation, fully sutonomous robotic platform for
maonitoring sod haalth, biodiversity and carbonin farmiand

2. Hybrid Comms — Transméssion of datausing satefite connectivity & afternative o
Callular networks {56} f not available - Low Earth Orbat {LEG) Constedations andor
GED satallites.

Consortum:

CatsputOpm

Overall Concept

To ermpeveer UK regulaters and local authortses to create a regulatory environment
conducive to business innowation and investmeant. The aam of projectis to pionesr
regulatory changes of Unmanned Aarial Wehicles [L1AVs - Brone} by demonstrating
succassful and saffe use cases.

Technical Objective

Overses & pre-defined scenaries of drones to achéeve comprehensive urban management
covering many aspacts inchding but not limited to madical sarvices, infrastructure
inspaction and emargency responsa and parhaps the LIAV/CAY interaction proof of concept
can b at the Drene port.

Approach
L. System afchitecture desian to facility connectivity and interoperability between LAY
platforms and cantral network

ead @D Pares  omaPUT Feve [

[ for
Science, Innovation
&

Total (GEF) 1M
SAC Value (GBP): 342y

2. Postarchitecture complation testing of technical and interoperabdity natwark systems
before use case daployment,
3. Useof DTDC renway for testing and procuring fkght eperation servscas at Westoott.

Comnsortum:

Luad m FParress: (7

preert connpUlT € ENEEEIE reuson




Interworking

Design oplimised independently
for each network component
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The unification
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Integration Unified P
5G and 5G Advanced 6G i "y
- "v:a‘\‘ e B \‘\ ....................... e
e o 2 Optical -~
G Inter-Satellite Link .-~ g
Optical
L e LR [ Inter-Satellite
e = - R e LDk
g SﬂtelfleUschenmnaILmk
» = Downlink i Feeﬁevimk Q_\
Beams NTNGaIewav§ HAPS
" Uplk NBIoT-NTN % ----- (i
© Thales L Bem Ledik / TN-NTN ok
B 5GNR-NTN / Handovers— yamodified D
e NTNgNB Smart Phone Terrestrial Network
A

B &P

& .

- - wa— VSAT Network @
Eesioy i i _ Design ophm:ud taking info account C8 Core Network P’W”EWY
o ot ofb and satellite DataNetwork Yol
impact o support the gr of S goals
Satellite for ge & ility L

Unification key challenges
« Alignment with ETSI/3GPP

« Standardisation in the Non-Terrestrial segment
» Access devices (antenna, chipsets, software stacks)
« TN/NTN co-existence

Spectrum sharing (‘dynamic’? — on demand)
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There Is progress mEmn / ; Satellite Applications

Emergency SO
asatelite

The IRIS? vision

Multi-orbit broadband global coverage LEo
LEO & MEO, low latency high throughput. u MEO
Combined with GOVSATCOM (GEO) B GEO (GOVSATCOM)

5G Non-Terrestrial Network

Base Station (NTN gNB) ’ : : ¥ 3
: Security by design

State-of-the-art cryptographic mechanisms, cyber and RF threats resilient

assets located in EU, security accreditation.

Future Quantum Key Distribution service

MediaTek MT6825 Open standards and interoperability —

Regenerative mode : built in 5G in space, ground and user segments. \

W EU ground Infrastructure

R Transparent mode : sovereign waveforms and UTs .
5G User Equipment (UE) Innovative \\ .
. System must integrate innovative/disruptive technologies and services, - N\
MEdIaTEk participation of SMES, new entrants . A
P -
i and space i

GHG minimisation and offset, Space debris mitigation, anti-collision
prevention of ilumination pollution

[T 50 v reom e oo SR Cesa ®

Channel Emulator




aaaaaaaaaaa

()
The unification — across enabling technologies /é\ CA‘_A?AU!-T
— more than comms "

Joint radar TRX and
communication TX

Radar target

communication

intelligence
learning

Communication RX

Joint Communications and Sensing (Radar)
e Joint communications and Radar - Testbed demo
e Joint Radar and Comms - Waveform design,
e Joint comms and sensing for 3D environment mapping
e Joint Comms and SAR

positioning

Joint Communications and Positioning
* 5G RAN based positioning
* Network assisted positioning

e Space technology complement — Earth Observation

O

e Space technology complement - GNSS




Thank you

The UK will fundamentally change where & how
satellite technology is used by delivering
cutting-edge satellite-based innovation at scale.




