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UNP 1pe Original Space Race O —
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>

1969

~1500 objects
LEO, MEO, GEO, Lunar, Keplerian

~7 nations, 2 to moon
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UN . P The Current Space Race J
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2030+

10° objects, shoebox-sized, autonomous

1969 Today

~1500 objects
LEO, MEO, GEO, Lunar, Keplerian

~7 nations, 2 to moon

~10% objects, varied sizes, human operated

LEO, MEO, GEO, Keplerian Cis-lunar sphere, non-Keplerian

~12 space faring nations, ~¥90 nations with satellites Many nations, non-state actors, corporations

Approved for public release; distribution is unlimited. Public Affairs release approval 3

AFRL-2023-1777



UNP Launch Trends
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2022 Launch Year in Review

India: 5

Japan: 1
South Korea: 1

|Iran: 1
Europe: 6 \\

a

186 Total Orbital Launches
2,521 Total Spacecraft

1957 brycetech.com/reports
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Commercial Spacecraft /
Launch Vehicle

Launch Service

| Government-Procured Commercial

86

Government-Operated
Launch Vehicle
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NP Smallsat Trends

Smallsats in Context
Spacecraft Launched 2013 — 2022, by Mass Class

3000
- 61% - share of spacecraft launched in 2013 that were smallsats
_":’ 95% - share of spacecraft launched in 2022 that were smallsats
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. Smallsats (<600 kg) m Starlink and OneWeb Smallsats Small (6011200 kg) Medium (1,201-2,500 kg)
Intermediate (2,501-4,200 kg) Large (4,201-5 400 kg) . Heavy (5,401-7000 kg) . Extra Heavy (7,000+ kg)
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UNP 2022 smallsat Highlights
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Scientific, 1%

werlre
Remote
Sensing, 10%
accounted
for

2,304

Smallsats
Launched 2022

were carried
on

totaled
w7~
= H-rg:H:E Communications, included

80%

brycetech.com/reports
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Smallsats launched in 2022:

A
950/0 of all spacecraft (2021: 94%)

M
540/0 of spacecraft upmass (2021: 43%)

VR
1 08 of 186 orbital launches (2021: 80)

330/ of all smallsats launched in the last
0 decade (2020-2022: 76%)

which launched on small or micro
launch vehicles (2021: 6%)

P
7%
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UNP Global Impact

Satellite Services

N, I
5 A Telecommunications
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Each 1% “l" . ntr'leS Nam SSalin e asty Remote Sensing
GDU Government space budgets

B,

Each2% © @, A

t Commercial human spaceflight

wmmmy Operators

$279B

Satellite

$386B =i

Global Space Economy
Economy

Smallsats
Launched
2013 — 2022

Ground Equipment

Z Network Equipment
Consumer Equipment

7 (52%)

$13.7B
Satellite
TECH Manufacturing
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UNP Global Trends
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Share of Smallsats Launched

Smallsat Launch Trends
Smallsats 2013 — 2022, by Country of Launch Provider
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UNP Operator and Mission Trends
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Operator and Mission Type Trends
Number of Smallsats 2013 — 2022, by Operator Type
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OneWeb + Starlink Other Commercial

Commercial Smallsats Smallsats Non-Profit

. Government Civil . Govemment Military

Number of commercial smallsats launched increased from 14 smallsats in 2013 to 2,090 in 2022
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UNP Operator and Mission Trends

Operator and Mission Type Trends
Smallsats 2013 — 2022, by Application, Including Starlink and OneWeb
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Communications satellites constitute the largest share of smallsats in 2022. Relative share of remote sensing
and technology development smallsats has decreased due to launch of LEO communication smallsats
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UNP Space Vital to Economic and National Security
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Vital to way of life Vital to modern warfare

"~ il ol .. '
- Bt = T
e Tl Ml g W -
: e == "-""I :‘:-!."ﬂﬂn -'.. i = 4 -
. o AL e i I"‘-F".-:' Va

- Adversaries recognize space In a conflict, adversaries
U.S. utilizes space every day N :
.. Global space economy advantages and U.S. military intend to degrade U.S.
for communications, global . e )
L expected to grow to $1 dependence and are rapidly | | space capabilities, reducing
markets, weather, scientific . . . .
. Trillion by 2040 developing space military effectiveness and
exploration, and more ey : :
capabilities degrading way of life

The U.S. Space Force is dedicated to accessing, protecting, and defending the space domain
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UQP Air Force Research Laboratory
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Rome Research

Wright-Patterson AFB, OH In?c;tr(rer’mzla\’lc?on
* AFRL Headquarters
e 711 Human Performance Wing \ London, UK
* Sensors
Tokyo, Japan * Aerospace Systems

e Materials and Manufacturing

=~ Arlington, VA
Office of Scientific

Arnold AFB, TN _ Research
Edwards AFB, CA /
Santiago, Chile
i i Kirtland AFB, NM Eglin AFB, FL
Maui Research Site, HI . Somce Vehidles e Munitions

* Directed Energy

AFRL total: 10,000+ personnel (military, civilian, and contractors); AFRL New Mexico: 2,000+ personnel
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Quantum
Sensing

Satellite Communication and PNT
* Robust and resilient PNT
*  Wide and narrow band comm
* Quantum sensing and timing

Space Control
e Cislunar domain awareness
*  Multi-agent autonomous ops
e Cyber protection, hardening

Imaging Sensor ; lonosphere Roll-Out _
Calibration Lab : science Solar Array 2

Missile Warning and Tactical ISR Space Environment Pervasive Technologies
* Novel detectors and materials * Wave impacts on radiation belt * Power, structures, electronics
* Data processing and algorithms * Effects on systems and services * Space logistics and maneuver
* Infrared radiation effects lab * Monitor, forecast, and mitigate * Size, weight, power, and cost

Antenna \ , =2
Small Satellite Portfolio Nuclear Deterrence Operations Agile Software Operations

* Proving CubeSat military use * Inertial navigation systems * Software factory, SecDevOps

* Cost efficient tech experiments * Nuclear explosion monitoring e Unified data library market

e University Nanosat Program * Hypersonic modeling and sim * User interfaces, decision aids
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Uh,!P Spacepower: Doctrine for Space Forces

&/  Exploration Research and
Technology Proyrams

SPACE FORCE
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UNP Navigation Technology Satellite 3 (NTS-3) \)

Technoloyy Programs

* Position, navigation, and timing
(PNT) experiment

* Global utility: air traffic control,
banking, farming, search and rescue,
cellular networks,

* First U.S. DoD experimental
navigation satellite in 45 years
e NTS-2 followed by 40+ years of GPS

* Testing new technologies
* Reprogrammable signals
Reprogrammable receivers — user
equipment
Flexible timekeeping —improved time

Advanced electronically scanned
array antennas

Responsive ground control

-
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UNP Space Solar Power Incremental Demonstrations a J y e
* and Research (SSPIDR) WIS st osach

e Reduces logistics burden

* Minimizes energy resupply
risks

* Transitions away from fossil
fuels

*Increases energy
architecture flexibility

* Allows for new operational
concepts
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UNP Oracle
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* Find, fix, and track objects
in the cislunar environment

* Demo tip and cue with
existing ground and space
assets

* Explore new orbit
determination methods on
objects in cislunar space

* Assess novel navigation
techniques in 3-body space
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HYBRID SPACE

° ASS e SSi n g th e m i I ita ry ALLIED El]AH‘ERE&I.LI lTEclhlI]JIIFﬂ{]NEM .SHALL %t -i- .

utility of commercial and © ey
. y . Pt z\' g ¥

allied Intelligence, » &

surveillance and - - iy

reconnaissance capabilities 7 i - - -
* Developing tools to '

leverage those capabilities

Ground stations representative
of individual architectures

Approved for public release; distribution is unlimited. Public Affairs release approval 18
AFRL-2023-1777



UNP
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* Proving Link-16 tactical
data link from space with
unmodified terrestrial users

e Commercially provided
CubeSat

e Software modified Link-16
radio

* Multi-domain command
and control
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Exploration Research and
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UNP Current UNP University Mission Areas

High data rate high-frequency / laser, and path agnostic communications/networks
GPS-denied position, navigation, and timing via pulsars and chip scale atomic clocks
Multi-spectral imaging and event processing, recognition, and exploitation

Space domain awareness via RF, glint, and event imager measurements

Propulsion: fuel slosh and multi-mode propulsion

Technology demonstrations in proximity operations, GNC, and Search & Rescue
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UNP Your Approach

Exploration Research and
Technoloyy Programs

Partner with
specific DoD
entity as
stakeholder

: .. Compare
Tie mission to P

stated DoD

capability and
cost vs alternate

objectives methods

Innovate
and rapidly
develop
meaningful
missions!
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Questions?
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