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Agenda

• Sensor Calibration
• Current Space Environment & Drivers
• Future Space Communications Environment
• AFRL 101
• Some AFRL Programs of Interest
• Collaboration Opportunities
• Summary
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Sensor Calibration: my background on these topics
• 1997: Ph.D. @ U. Michigan complete, start @ AFRL

• 1999: Tech Lead, Controls Program

• 2000: PM, Large Deployable Optics Program

• 2002: RVSV Branch Tech Advisor

• 2005: Command, Control, & Comm (C3) Tech Area Lead
• Focus: SATCOM & Space C2 Prog & Cognitive Radios for Contested Comms, On-Board Autonomy

• 2009: Assistant to the RV Chief Scientist

• 2011 – 2016: PM, Guid., Nav, & Control Program

• 2016 – 2017:  Visiting Researcher, U. California Santa Barbara
• Research: zero-sum games, beginning of R&D on DRL methods for games (e.g., AlphaStar)

• 2018 – 2020: Principal Investigator, EAGLE-Mycroft Mission

• 2020 – 2021: Lead, Special Projects

• 2021 – Present: Acting Chief Scientist, Space Vehicles Directorate
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21st Century Space
Economic and national interests create new challenges

1969 Today 2030+

~1500 objects ~104 objects; human-operated ~106 objects, autonomous

GEO, Lunar, Keplerian GEO, Keplerian Cis-lunar, non-Keplerian

~7 nations in space ~90 nations; commercial ?? nations, commercial; non-state

-Space News, 2019

x3200

x12,000

India tests anti-
satellite weapon

“Cone of Shame”

Lunar Gateway

Queqiao

MEV

-BBC 2009

Russian and US 
satellites collide
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Complexity and Challenges

Survivability

Distance 

Communications

Cyber Security

Maneuver, logistics, propulsion dominated

Complex flight dynamics and control 

Domain effects on payload

Space domain awareness

On-board autonomy and machine learning

Data source expansion and data fusion

Platform diversity and proliferation 

Resilient Networking

Achieving decisive, independent effects from space has many technical challenges
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2019 Global Space 
Economy at a Glance

Space Plays a Major Role in Everyday Lives and will Continue to 
Grow
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Market Perspective
Continued Growth will Drive the Importance of Space
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RF SatComm in Contested Environments
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YESFORN!

MSMU/HAD: Integrated commercial 
and allied sensors into DoD 

TCPED, test in warfighter exercises

https://www.nasa.gov/press-release/us-japan-sign-
space-collaboration-agreement-at-nasa-headquarters

https://www.afspc.af.mil/News/Photos/igphoto/2002092512/

https://www.southcom.mil/MEDIA/NEWS-
ARTICLES/Article/2312182/southcom-hosts-new-us-
space-force-us-brazil-space-engagement-talks/
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Expansive Space Portfolio
One AFRL – works across vast  

technological areas, finding synergies  
that allow us to move faster to field  

critical space programs

Space technologies  
Space experimentation

Space DomainAwareness
Laser & high power  
microwave effects

Space access
In-space propulsion  

Space logistics

Super computing  
resources

Digital transformation

Materials & manufacturing  
Laser hardening

Additive manufacturing

Innovation

Tech and industrial  
base expansion

Networks & comms  
Cyber

Multi-domain C2

Operator performance  
Autonomous systems  

Operator training

Small platform PNT, 
sensors, and 
components

Sensor & data exploitation  
Cognitive EW

Position, Nav, & Timing

Basic science – materials,  
quantum, power, etc

International research

Inform S&T Vector
Experimentation  

Operational assessment  
MS&A and Studies

Space  
Vehicles  

RV

Directed  
Energy  

RD

Classified  
Programs 

SDPE
RS

Human  
Effects  

RH

Sensors
RY

Basic  
Science  

OSR

Munitions
RW

Information
RI

Compute  
Resources  

RC

Aerospace  
Propulsion  

RQ

Materials
RX

AFWERX
RG/SB

EDWARDS

FT SAM
HOUSTON

KIRTLAND

EGLIN
ARNOLD

ARLINGTON

ROME

WRIGHT-
PATT

MAUI

SOARD
SANTIAGO
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UNITED 

KINGDOM
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TOKYO
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AFRL Future Vision 
Today

Stovepiped Missions Areas
0-5 yrs

Attributes
• Stovepiped acquisition and ops
• Strategic requirements focused
• Lengthy requirements process 
• Large, costly programs
• Incremental technology
• Limited resiliency

Mid-term
Hybrid Architecture

5-15 yrs

Far-term
Heterogeneous Architecture

15-30 yrs

Attributes
• Resembles more of the modern 

day internet – IoT of Space
• Ubiquitous communication
• Integrated autonomy and ML/AI
• Truly integrated multi-domain
• Ubiquitous information exploitation 

and decision making

Attributes
• Mixture of strategic and tactical
• Orbital regime diversification
• Platform size variation 
• International, commercial and DoD 

coordination and integration
• Multi-path communication
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Autonomous Systems

Persistent Vigilance

(C
re

w
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Satellite Operations Control Center (SOCC)

Efficiency/Manpower Reduction

Resilience via Emergent 
BehaviorSuperhuman Capabilities

The good we desire…

Co-OptabilityInscrutability

Complexity/ 
Tractability (V&V)

Ethics/Policy/C2/
Responsibility

Undesirable 
Emergent 
Behavior

Cyber Vulnerabilities

The uncertainties we fear…
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Current Areas of Research
• Small Satellite space communications testbeds
• Hybrid Architecture (commercial-allied-Gov’t) systems integration
• AI-enabled networks in contested environments
• AI-enabled PNT (broadcast comms)
• Comms-PNT mission/payload integration
• Space EW (EP/ES/EA)
• Space cyber-security
• Trust in Autonomy (Machine/Machine and Machine/Human)
• Human-Autonomy Interface 
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Example Area: AFRL Small Satellite Portfolio 2022

STARGATE: Ground systems, 
software, cloud ops, integration of 

commercial satellite C2

Ascent: Cubesat technology in GEO
Recurve: Advanced mesh radio

XVI: Link-16 in space
FalconSat-7: A CubeSat
Solar Telescope

Photon Sieve Telescopes 
for Small Sats

Suchai: Understanding the ionosphere 
to improve communications

University Nanosat Program since 2004
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1616

SSC &

Tracker Prime/Tetra-5 OV-1

Refueling Capability 
Prototype

Autonomous, Collaborative 3-Vehicle Space 
Domain Awareness

Tetra-5A

Tetra-5C

Tanker Ring*

*External Partner 

Tetra-5B

AFRL-SSC Partnership accelerates delivery of next-gen 
autonomous RPOD and DoD’s first GEO refueling capability
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RAPID and Space Data Transport

 Multi-Orbit / Decoupled Paths
 Cybersecurity / Variable Trust
 Advanced Network Operations

 Broadband, Internet of Things
How to Bring Resilient Persistent SATCOM to the Joint Fight?

We are meeting commercial where they are: In the cloud…
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Resilient & Flexible Satellite Navigation (NTS-3)
• NTS-3 is the first integrated, end-to-

end US SATNAV demo in almost 50 
years

• Testbed for agile, reprogrammable 
SATNAV

• Seek warfighter access to trusted 
PNT in contested domains

• One element of a diversified future 
US architecture for positioning, 
navigation, and timing (PNT)

• Leverages innovations in 
communications with increased 
flexibility and automation throughout 
all segments
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NTS-3 Technologies
Reprogrammable Satellite Transmitter

Software-Defined User Equipment

Responsive Ground Control

Automated Onboard Clock Anomaly Mitigation

Credit: USAF
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Machine Learning for PNT Resilience
• Adversarial PNT attacks (jamming, spoofing) are becoming 

more common

• Project Goal: Use AI/ML methods to close the PNT OODA 
loop rapidly (CNN’s)

• Challenge: Lack of contested environments datasets

• Portable Intelligence Gathering Experimental Observation 
Node (PIGEON) – edge node sensor

• ID, classify, recommend PNT COA
• Variational Autoencoder - 95% I/Q data size reduction 

w/out performance loss

• Machine Learning Toolset O/S (MLTos)
• Provides ground truth datasets &  tools for testing and 

evaluating models

• PIGEON & MLTos h/w and s/w developed are Gov’t IP
• Distributable under Distro-D (DOD/DOD Contractors)
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MLTos (laptop)
PIGEON

PNT OODA 
Loop 

Data Size Reduction via VAE
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Summary

• The Space Domain is a domain of competition 
• Economically & Geopolitically

• It is not yet a domain of conflict
• AFRL’s job is to have options for the US if that changes

• Use of AI/ML/autonomy in contested domains is complicated
• Co-opting, herding, war-reserve modes, probing, GAN, …

• AFRL is a leader in autonomy, and a “fast follower” on AI/ML
• Projects demonstrating new space comm & PNT capabilities
• Experiments providing data on architectures & integration
• Actively looking for partners in space networking arena!
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Collaboration Opportunities
• Space Technology Partnership (NASA, USSF, IC)

• Trusted Space Autonomy topic area
• AFRL Scholars Program

• https://afrlscholars.usra.edu/
• NRC Research Fellows (post-doc & faculty fellows; open to industry participants also!)

• https://sites.nationalacademies.org/PGA/RAP/PGA_046587
• Visiting Scientist Program (AFRL S&E visits you)
• Cooperative R&D Agreements (CRDAs – Industry)
• Educational Partnership Agreements (EPAs – academia)
• Memorandums of Agreement/Understanding (MOA/MOU – gov’t-gov’t)
• Small Business Innovative Research/Technology Transfer (SBIR/STTR)

Contact me for more info or to find someone to work with: richard.erwin@spaceforce.mil
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Last Thoughts…

“In any moment of decision, the best 
thing you can do is the right thing, 
the next best thing is the wrong 
thing, and the worst thing you can 
do is nothing.”

-- Teddy Roosevelt
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Questions?
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Rumsfeld Commission Report (2001)
• Space is spread across such a diverse set of agencies in the 

Government, that only the Office of the President of the United 
States has the power to set any kind of coherent National Space 
Policy

• Current DoD and IC Space Programs are not aligned with future 
challenges; only with Senior Leadership attention can the efforts be 
aligned and the required funding obtained

• The SecDef and the (then) DCI (now ODNI) must coordinate efforts 
in order to ensure that the whole of Government can be used to 
proper effect in the complex and changing space domain

• “Fourth, we know from history that every medium—air, land and 
sea—has seen conflict. Reality indicates that space will be no 
different. Given this virtual certainty, the U.S. must develop the 
means both to deter and to defend against hostile acts in and from 
space.”

• “Finally, investment in science and technology resources—not just 
facilities, but people—is essential if the U.S. is to remain the world’s 
leading space-faring nation. 
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Space as a Domain of Conflict

Center for Strategic & International Studies, Space 
Threat Assessment 2020, 80 pages

National Air & Space Intelligence Center, Competing in 
Space, 2018, 15 pages
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United States Space Force (est. 20 Dec 2019)
• Mission: 

• Organize, train, and equip (OT&E) space forces in order to protect U.S. and allied interests in space and to 
provide space capabilities to the joint force. Its responsibilities include developing military space 
professionals, acquiring military space systems, maturing the military doctrine for space power, and 
organizing space forces to present to the Combatant Commands

• Specifically responsible OT&E of forces for the following mission sets
• space superiority; space domain awareness (military, civil, and commercial); offensive and defensive space 

control; command and control of space forces and satellite operations; space support to operations (e.g., 
satellite communications); space service support (e.g., spacelift and space range operations for military, civil, 
and commercial operators); space support to nuclear command, control, communications and nuclear 
detonation detection; and missile warning and space support to missile defense operations.

• Functions
• Provide freedom of operation for the United States in, from, and to space
• Provide prompt and sustained space operations

• Duties
• Protect the interests of the United States in space
• Deter aggression in, from, and to space
• Conduct space operations
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The USSF Structure

*JCS member

ǂ Invited by the CJCS to participate in the JCS process in 
anticipation of his membership on the JCS a year after 
the enactment of the NDAA for FY 2020

Secretary of Defense

Deputy Secretary of Defense

Secretary of the Army

Department of the Army

Under Secretary of the Army

Chief of Staff 
of the Army*

Secretary of the Navy

Department of the Navy

Under Secretary of the Navy

Chief of Naval 
Operations*

Commandant of 
the 

Marine Corps*

Secretary of the Air Force

Department of the Air Force

Under Secretary of the Air Force

Chief of Staff of 
the 

Air Force*

Chief of Space 
Operationsǂ

Chairman of the Joint Chiefs of 
Staff

Joint Chiefs of Staff

Vice Chairman of the Joint Chiefs 
of Staff

Joint Chiefs: 
Army, Navy, Marine Corps. Air 
Force, Space Forceǂ, National 

Guard

Installation
Commands

Space Systems Command (SSC)
Space Training and Readiness 

Command (STARCOM) Space Operations Command (SpOC)

PMOsPMOs
Mission

Command
Training

Command
Education 
Command

Acquisition 
Authority

Chief Human 
Capital Officer

~S1

Chief Operations                
Officer

~S2/3/4/6-mission

Chief Strategy &              
Resourcing Officer

~S5/8

Chief Technology & 
Innovation Officer

Director of Staff Vice Chief 
of Space Operations

USSF Element NRO

Office of the Chief 
of Space Operations 
Structure

Space Warfighting 
Integration Center 

(SWIC)

SAF/SP*
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Machine Learning Tech
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2019

2016

2019

2011
2005

10 7
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10 5
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10 3

10 2

10 1

10 0

2005 2010 2015 2020 2025

Appears that as game 
complexity explodes, delta 
time to superhuman 
performance decreases;
Hypothesis: (single) humans 
get worse as complexity 
increases

Evidence that human-
machine teams (“centaurs”) 
can beat machines alone

Unclear regarding teams of 
humans against (teams of ?) 
machines (Dota 2)

CHESS

GO

STARCRAFT 2

DIPLOMACY (2022)

ChatGPT
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Trust in Autonomy
(will we let it be autonomous?)
• What is right model/analogy?  
• Suggestion: Humans trusting non-humans

• Esp. in war situation: dogs, elephants, horses, 
birds

• Human has to establish trust with a non-human 
intelligence

• Perfection is not a pre-requisite for use (Horses 
killed 20 people in the U.S. in 2015; dogs: 31)

• Problem: can’t imprison/execute/sue machines 
(no closure)

Machines are not humans – need to look beyond human-to-human trust models for synthetic
autonomous systems
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