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Delayed PNT: Eroding Our Operational Edge

Mission Sets that heavily rely on
resilient PNT

Funding Instability Undermine DoD Priorities

Underfunded PNT: A Price the Warfighter Can't Afford to Pay
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GPS Threats

e GPS Vulnerabilities -

* Frequencies are known
* Power levels are low (below noise floor)
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MARE Portfolio (pre-ACAT-1D)
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Recelver Capability vs PNT Threat Environment

Permissivi Reference: Modernized GPS & Digital

GPS Avaliable GPS Unavarlable Local/Regiona/ GPS Unavariable Globa/ Anti- ng Contributions ta the Rapge and
Lethality Challenge of MDO Briefing

1 2 3 4 6 7 (Future Force Capabilities Conference
GPS Threat Shc cal Long Local Long Regional
Conditions

L Global Day With Unconventional Emerging Armaments 20
Permissive Challenged GPS GPS G‘L’;g - :’ = "-Vs ‘;ze"”‘ Sep 2022, Justin R. Wymore Sr., BAE
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Obstruction T | Wit
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Software Defined
CONOPs needed to
rapidly access,
integrate, and use
complementary
navigation solutions
effectively across
this threat spectrum
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MAR JPO Organizational Structure & Governance

* Organizational structure approved 16 June 2025

» Aligned to address four identified root causes inhibiting PNT enterprise capability deliveries

» Leverage, revitalize, and refocus existing forums to align user needs, capability development, and DoD priorities
» Ensure adoption of enterprise PNT solutions

Root Causes of Enterprise
Dysfunctions

1. Vendor Underperformance £ D
2. Chronic Underfunding @ 5

3. Seams : JOINT WSR & ESGs

4. Divergent Strategies Integrating b e st S L e R o e e L B T TR

1
% d , Executive Steering : 0 INBLSTEN
Other PEOs ‘ ! Group L i d
— ISR/SOF, Armament, Mobility, JSF, Bombers, g 1 ] 1
F'erl & Advanced Aircraft
° o ., Weapon System !
USAF Platform SPOs 5 Reviews .
i e p——————————

Integration Branch (“The Conductor”)

International
Branch
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PNT PACE Planning: GPS + non-GPS Solutions

Priman Alternate Contingency/Emergency
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ALTNAV & Signals of Opportunity
GPS Receiver + INS Otheghstes

Non-GPS solutions enable PNT PACE planning — Each platform’s PNT PACE plan is unique to their mission requirements
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Classical Robust PNT Systems

Y-Code (SAASM)
M-Code
Anti-Jam Antennas
Augmented GPS Signals from Space

+

IMU GPS
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Resilient PNT Systems

b3

Trusted Celestial Magnetic
MGNSS Anomaly

IMU

Open Architecture

' ] . Data Link
GPS Signals of Radar / Lidar Precision Time Transfer
Opportunity Ranging Clocks & Ranging

Resilient PNT is a Mosaic of Alternative PNT capabilities Tailored to the Mission, Platform and Environment
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Most Promising Alternative PNT Technologies

Inertial Measurement Units (IMUs) &, Magnetic Anomaly Navigation
Strengths Strengths
+ Self Contained / Unjammable ’ @ » Over water, all weather performance

* Anomaly field very stable over time
* Unjammable

* Measures delta velocity, delta rotation
* Good short-term accuracy, poor long-term

» Performance scales with size and cost * Low SWAP-C

*  Working to reduce drift, SWAP, and cost Weaknesses

AFRL Investments: » Existing reference map quality varies

*  Quantum IMU — 10x performance, need to lower SWAP * Need costly national level map creation effort

» Operating altitudes are map dependent

Vision Navigation « Difficult to find magnetically quiet location on platform

Strengths

* Near GPS accuracy (10m) Multi-GNSS

« TRL9 — deployed on SOCOM platforms Strengths ‘A M aa =

* Low SWAP-C » Accuracy, coverage, all weather, time A l-

* No external signal dependence » Frequency and signal diversity A.A ada L) =

* Night-time performance with IR cameras + Significant cost to jam all signals atonce ‘g . a4  1al Lkl =

Weaknesses * Improved spoofing detection a L1 A o
* Visibility through clouds Weaknesses W -
+ Featureless terrain: Water, Uniform Forrest + Need better trust of foreign signals A | -

* Does not provide time * Low power like GPS
* Not as effective at lower altitudes + Some services only regional
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Integration of New PNT Capabilities

* Integration of Alt-PNT will only made realizable through the

Open open architecture approach using PNTOS and ASPN

Architecture

+ R-EGI and EGI-M (via CAS) will have Alt PNT drivers (Apps)

available to users
+ Can toggle these capes on/off prior to mission

* Long-term plan is to build a robust ecosystem of apps

An Open Architecture PNT hub is the only way to deploy cost effective, robust, and resilient PNT that can pace threats
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R-EGI Alternative PNT Demonstrations

= 20-23 Aug 24: Rapid Prototype Flight Demo with 746 TS
= Demonstrated new IMU, and separation of SCNAV and MCNAV

= 23 Oct 24: Alt Receiver Card Integration Flight Demo with 746 TS

= 4 weeks from card receipt to flight demol

= 3-6 Feb 25: VisNav Cougar Test Bed Flight Demo

= Was able to navigate seamlessly for 2+ hours without GPS

reference
R-EGI

GPS cable was
physically

disconnected from the
R-EGI DU here and was
not restored

112°wW 110°wW 108w 106w 104w 102w 100w
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Deliver the Architecture

* Objectives
* Improved oversight

+ Efficient platform
integration

* Achieveresiliency
* Bolster industrial base

* Increase agility; reduce
lead time

* Scope to incentivize
investment

* Consolidate Contract
Strategies

* |nnovation

* USG controlled interfaces

* |ID Cape Gaps

* Collaborate w/Labs,
Academia, and foreign
partners via FCT
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Requirements
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Planning and
Funding

Strategy
Alignment

ID Reqgts
RDT&E
Integration

Leverage Labs

Enterprise Multi-Award Contract

\
Honeywell % RTX
Legacy Sustainment N 61 Az Collins
NRE CLIN Structure osrace camevon Aerospace
|- -
FMS Ordering CLINs & Trimble. BAE SYSTEMS

Non-M-Code AltNav

Resilient PNT

=)

Academia

And
more

Commercial
Labs and
Prototyping

Hybrid SATCOM
Terminals
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Regional Military Protection

MGUE Inc 1 Route

MGUE Inc 2 Route (in work)

® Inc 1 receivers not currently slated to receive RMP m  MGUE Inc 2 establishes Next-Gen ASIC production capability
m Software Only Change — no HW re-spin required with a miniaturized serial interface (MSI) that is smaller than

MGUE Inc 1 but more capable (improved anti-jam/spoof, lower
m Key Dependencies:

power, and adds RMP, mGNSS & ALTNAV capabilities)
m Potential Hurdles:
m Upgrading from Inc 1 to Inc 2 requires a systems
engineering / development effort — Time and $$$
= Not field reprogrammable (investigation in work) = May preclude weapon systems from upgrading to Inc 2
m Opening up SW is risky
m Way-forward:

m GPS-IlIIF Satellites: 15t signal from Space in ~2028
m OCX Ground Station: I0C in ~2029-2030
Potential Hurdles:

Develop Next-Gen Develop Modern
Receiver w/14 nm Handheld
m Continue to advocate for funding / requirement Aasle

] Mi ized
I (msh
Ensure ASIC

Next- = J supports 155mm
(<] ti
Genaration D PGM

= —

I Boosted M-Code

M-Code Earth Coverage I

Range of Denial:
1000 Watt Jammer

RMP has 63x more power than standard GPS signals; reduces threat envelop range by 8x
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Questions?
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Backup

PROGRAMMANAGER

%‘BRIEFING SERIES %Cs: International

Symposium

WHERE & MEET & Convention



SDAE vs COTS Capability Delivery )

Existing / Planned SDAE
COTS Solutions Program of Record (SDAE, SSDR, R-EGI)

Blended
Navigation
Assurance

Weapons Nulling
M-Code Hot Entire
Start MGNSS

Beam
Forming

Situational q
Awareness Entire
R-PNT Trinity IELEES
[SDUE Regional

(SDAE/SSDR) Military
& Protect

Nulling
Capability
Entire
MGNSS

Beam

Situational Forming ) R-EGI Anti-Spoof
Entire Field

Awareness MGNSS Reprograming PoRs] Advanced

Algorithms

Entire MGNSS Entire
Spectrum+
Nulling p L
= T
Common
Application

Anti-Spoof

L1/L20Only
Beam a Field _ Adva_nc:d Er
Situational Forming Ee:’_"’i;as':';g AlgEor'l:hms
. ntire ntire
s Future
Awareness Cpability: MONSS Eliminatos orie

L1/L20Only Obsolescence

Insertion
COTS
Antenna
Electronics

Alternative
Navigation

Future Capabilities

*Field Eliminates T
Reprograming Anti-Spoof Obsolescence ?::::::::‘y Best
Eliminates ImprOVEd
Obsolescence Limited
Minimal
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Timing via HST - #2 Initiative

5 Key Lines of Effort

1. AFRL
*  Clock Ensembling / Mesh Network Tech Maturation

2. PNT-PO R-EGI & EGI-M PoR
* Develop new timing card (houses mesh network SW)
e Adjudicate time between HST and GPS
e Distribute time to platform systems and HST

3. C3BM - Phalanx Griffon (PG) PoR
*  Provides Connection to DAFBN
* Integrate timing card into HST

4. Platform Integration
*  F-15 HST Integration

PG: Phalanx Griffon w/ CTEN, enabling LOS & BLOS clock ensembles
R-EGI: Resilient Embedded GPS/INS, Providing platform assured position & time
5. Space Data Network (SDN)

*  Provide redundant UTC via Starshield (Ka-Ku Band)

* Refine SW to improve timing precision
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Celestial Navigation
i measurement used as

Stars: Absolute orientation
— attitude update to INS

RSOs: Absolute position
measurement used as
attitude update to INS

Combined with accurate
local vertical
measurement for 2D

Strengths

Provides attitude (stars)

Provides position and attitude (resident space objects)
Attitude accuracy

Nearly unjammable

Mature techniques, deployed for 50+ years
Developmental systems can track resident space objects

Weaknesses

High SWAP-C (40+ Ibs, >$500k)

Clouds block view of sky

Day time performance drives larger SWAP-C

Mid-night hole for Resident Space Objects (RSOs)
Mostly legacy systems deployed today

Requires accurate time and attitude

Tracking other space objects requires precise ephemeris
Platform integration — needs clear view of sky

RSOs require a reflection
from the sun. Midnight
from Earth’s shadow limits
visibility
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M-Code User Equipment In-Focus

ASIC chip =t/ Mcodecard  \=57|  M-code receiver e |

0

ASIC = Application-Specific Integrated Circuit
M-code = Military code

> [0 == [0

Source: GAO analysis and representation of Department of Defense documentation GAO-21-145

Current construct dates back to 1978 JSSMO establishment

Dependencies impact integration and development schedules — creates seams
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Cul

Joint Service System Management Office (JSSMO
and the PNT Enterprise

Industry
Partners

Academia

Ay

Space

Space Space
y D 1t &
Center Agency Sustainment
oTen 4 ASNRD&A Naval Air Systems PMW/A170 Platforms
Armament (NAVAIR)
Navsia "G
e %
Naval Sea Systems Naval Information
Command Systems Warfare
Command

746Tests
4 Directorate
ASNRD&A

Platforms

US Air Force

@
%t"‘w‘-ﬂ‘“ﬁ R e
MAJCOMs AFLCMC AF Research AF Futures
Engineering Laboratory
OUSD A&S JointNavigation NationalGuard Security Office of the
Warfare Center Bureau Cooperation NationalDirecto
AgencyFMS of Intelligence

S
PEO Aviation Army Futures Army Space& DeputyChiefof
Command Missile Defense Staff for
Programs

PEO ulation

Enterprise needs unity: many stakeholders with conflicting priorities C
International
& Convention
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