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Agenda 

8:00 ï 8:30 am Check-in 

8:30 ï 8:40 am IARPA Overview and Remarks 
Dr. Peter Highnam 

IARPA Director (acting) 

8:40 ï 9:10 am Contracting Officer Remarks 
Ms. Sarah Wiley 

IARPA Contracting Officer 

9:10 ï 10:30 am HFGeo Phase 1B Overview 

Dr. Frank Robey 

SC Deputy / Program 

Manager 

10:30 ï 10:45 am Break 

10:45 ï 11:30 pm HFGeo Phase 1B T&E  

Dr. Frank Robey 

SC Deputy / Program 

Manager 

11:30 ï 12:00 pm Q&A Session 

12:00 ï 12:45 pm No Host Lunch 

12:45 ï 3:00 pm 
Capability Briefings and Informal 

Teaming Discussions 

Non-Government Personnel 

Only 
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Outline 

Å Introduction 

ïProposersô Day goals 

ï Program Overview 

ï Single Site Location (SSL) and the Ionosphere 

 

Å Technical Approach 

 

Å Metrics and Schedule 

 

Å Administrative 
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Disclaimer 

ÅThis presentation is provided solely for information 
and planning purposes 

 

ÅThe Proposers  Day Conference does not constitute 
a formal solicitation for proposals or proposal 
abstracts 

 

ÅNothing said at Proposers Day changes the 
requirements set forth in a BAA 

 

ÅBAA supersedes anything presented or said at the 
Proposers  Day 
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Proposersô Day Goals 

ÅFamiliarize participants with IARPA's interest 

in characterization and modeling of the 

Ionosphere 

 

ÅPlease ask questions & provide feedback; this 

is your chance to alter the course of events. 
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Schedule 

ÅOnce the BAA is released, questions can 

only be answered in writing on the program 

website 

 

ÅProposals will be due 45 days after the BAA 

is released  
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High Frequency (HF) Intelligence Missions 

Å HF use has advanced significantly in last 20 years 

ï Low entry cost relative to satellites 

ï Ease of use with modern technology 

Å Program goal is >10X improvement in geolocation accuracy 

Radar characterization 

This multi-phased program will develop technology to 

address geolocation and characterization of HF sources 

Array on dike: http://ifmaxp1.ifm.uni-hamburg.de/ANT_PET_1_100DPI.shtml 

Heavily Modified Codar:  

Wellen Radar (UK, NL, NO, DE) 

What is this radar doing? 

Antenna from: http://www.hamuniverse.com/ae5jufielddayantenna.html 

HF Source Geolocation 

Where is this transmitter? 
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HFGeo Program 
Å Phase 1:  HF technology development 

ï Ionosphere: Accurate ionospheric understanding 

ï Antenna: Small, low infrastructure antenna systems 

ï Signal Processing: Sort desired signals from noise and determine 

propagation modes 

Å Phases  2 and 3: System integration and demonstration 

ï Performance Metrics to be determined based on the results of Phase 1 

ïTransition from ñcomponentò technology to system development 

 

Technology 

Development 

System 

Integration 

System 

Demonstration 

Phase 1 

Phase 2 

Phase 3 

BAA 

Focus of this effort 
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Single Site Location (SSL) and the Ionosphere 
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Single Site Location (SSL) 

Å Accurate single-site geolocation has long been an HF Electronic Intelligence 

(ELINT) goal 

Å SSL relies on azimuth and elevation measurements at the ELINT site 

Å The measured angles are back-propagated through an ionospheric model to 

obtain a location on the ground 

Å Accurate ionospheric modeling is key to accurate SSL 

Ionosphere 
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Origin of the Ionosphere 
Å Solar EM radiation dominates ionization of low-density atmospheric 

components at high altitudes 
 

Å Solar wind interacts with the upper atmosphere 
 

Å Earthôs magnetic field plays a large role in movement of free electrons 

Electron Density (m-3) 
http://www.swpc.noaa.gov/sxi/images/latest_sxi.png Solar/earth interaction from 

:http://fusedweb.llnl.gov/cpep/chart_pages/5.plasmas/solarwind.html  

Sun weather Interaction at the Earth 

Ionizing radiation interactions 
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Ionosphere Dynamics and HF Propagation 
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Plasma Frequency (MHz)
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2 deg. 

40 deg. 

Complex ray diagram 
(Rays launched from VA toward Puerto Rico 

(10 MHz, Afternoon)) 

F = MUF 

F < MUF 

Simple ray diagram 

Highly Variable 

Variable nature impacts refraction 

Ray tracing by DSTO PharLap 
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Ionospheric Measurement Example 

http://www.gdgps.net/products/tec-maps.html 

Å Important parameter between ground & space is total 

electron content, or equivalently, additional signal delay 

Å Determines corrections to GPS systems 

Equivalent vertical delay in meters, 5-20-12 18:00 UTC 
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Ionospheric Measurement 

Å Vertical and oblique ionosonde are the reference standards for 
bottom-side ionospheric understanding 

Å There are insufficient numbers and density 

Å Known reference points at fixed frequencies provide excellent 
information on ionospheric motion 

 

 
 

Oblique 

Ionosonde 

Observer 

Vertical Ionogram 

Lowell digisonde data from:  

http://car.uml.edu/common/DIDBYearListForStation?ursiCode=MHJ45 

Oblique Ionogram 
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Why Tropical/Mid-latitude Now? 
Å Global bottom-side ionospheric model is noble long-term goal 

Å Auroral and equatorial regions are disturbed by electrojet phenomena 
ï Induces high ionospheric turbulence making measurement  & modeling much more difficult 

ï Turbulence propagates into mid-latitudes as Traveling Ionospheric Disturbances (TID) 

Å HFGeo will first solve a simpler problem focusing on tropical/mid-latitudes 
 

http://www.swpc.noaa.gov/pmap/pmapN.html http://en.wikipedia.org/wiki/Equatorial_electrojet 

http://en.wikipedia.org/wiki/File:EquatorialElectrojet.ogg


INTELLIGENCE ADVANCED RESEARCH PROJECTS ACTIVITY (IARPA) 16 

UNCLASSIFIED 

UNCLASSIFIED 

Geomagnetic effects 
Å Earthôs magnetic field interacts with HF rays and ionosphere to 

produce 
ï Large currents 

ï Splitting of HF signals into two ray paths termed Ordinary and 
eXtraordinary (O & X) 

http://www.ngdc.noaa.gov/geomag/WMM/image.shtml 
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O and X Ray Paths 

Å Electrons precess around magnetic field lines (gyrotron motion) 

  

Å Signal splits due to differences in propagation velocity for ~right and ~left 
circular waves 

Ray tracing by Proplab-pro: http://www.spacew.com/proplab/  
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Oblique Ionogram Example 
New Kent, VA to Bedford, MA 

Vertical lines are HF comms 

E layer, 1-hop (?) 

F layer, 1-hop, O and X 

F layer, 3-hop  

F layer, 2-hop, O and X 

Note: strong,  

off-axis signals  
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