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Disruption Opportunity Special Notice 
DARPA-SN-17-72 

Imaging Through Almost Anything, Anywhere (ITA3) 
 

I. Opportunity Description 
The Defense Advanced Research Projects Agency (DARPA) Defense Sciences Office (DSO) 
invites submission of innovative basic or applied research concepts as described in Section IX of 
the DSO Office-wide Broad Agency Announcement (BAA), HR001117S0040, as amended.1   
 

A. Introduction 
In support of its mission, the DSO Office-wide BAA invites proposers to submit innovative basic 
or applied research concepts that explore physical systems and/or math and computational 
systems through the lens of fundamental limits and new foundations.  
This special notice describes a funding opportunity to investigate imaging through structures and 
complex media by exploiting background signals of very low frequencies. Such signals are 
readily measured using today’s sensitive detector technologies and range from ELF to VLF (3 
Hz up to 30kHz). These signals exist due to widely distributed military communication systems 
(primarily VLF for submarine communication) and provide illumination of scenes or targets one 
might want to image. Low frequency signals may also be generated locally thanks to recent 
advances in highly compact antenna technologies. Natural signals may also be usable, especially 
for deep penetration and in cases where longer integration times are possible. ELF-VLF signals 
can be modulated and have such long wavelengths that they penetrate buildings, ground, the sea, 
fog, containers, etc.  
 
The challenge posed here is to determine the practical and fundamental limits to which one can 
exploit these electromagnetic waves for all conceivable imaging scenarios, which could include 
space-based as well as ground-based receivers. Performers will be required to characterize the 
trade space linking material penetration to lateral and range resolution, assuming different 
configurations and numbers of detectors. They will also be required to consider coding schemes 
and inversion methods.  
 

B. Objective/Scope 
The research will determine the 3D resolution/range trade space based on the use of all pervasive 
low-frequency, electromagnetic waves, combined with simple computational methods to 
consider the general problem of imaging through metal containers, walls, ground, fog, water, and 
other complex media.  
 
The opportunity to take this broad perspective on imaging through almost anything, anywhere, 
arises because of advances in both low-frequency detectors’ signal to noise ratio (SNR) and 
compact antenna design. The high sensitivity of very low-frequency sensors opens up the 
possibility of applying high-resolution computational imaging methods to interpret near-field 
measurements given this frequency range. The availability of sensors with very large SNRs, 
allows applications of this single, potentially disruptive technology to image inside steel 
containers as well as provide visibility over large distances through the ground or through fog. 
More importantly, field measurements with high-phase accuracies could result in a breakthrough 

                                                           
1 The BAA may be found at https://www.fbo.gov/spg/ODA/DARPA/CMO/HR001117S0040/listing.html.  

https://www.fbo.gov/spg/ODA/DARPA/CMO/HR001117S0040/listing.html
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in disruptive inversion methods applied to complex near-field measurements.  
 

To exploit all pervasive background signals, such as those in the VLF range, the imaging 
hardware used should ideally be able to measure phase changes down to thousandths of an arc-
second, or even a few arc-nanoseconds. VLF signals may come from Navy submarine 
communications facilities thousands of kilometers away, while even lower frequencies may arise 
from magnetotelluric, Schumann and sferic-tail signals. These signals not only provide passive 
imaging opportunities, but also geo-positional information. Despite the long wavelengths, 
movement of a detector a few centimeters results in a measurable signal change. 
 
In parallel to receiver advances, ULF and VLF antennas are being developed which are compact, 
portable, and can produce usable powers (e.g., tens of watts of VLF). This suggests the 
possibility of using a GPS-like network of portable transmit-receive systems using prescribed 
modulation sequences to further improve imaging.  
 
Objects near a detector or detector array result in significant and measureable perturbations to 
these fields. As objects move farther from the detector, the signal broadens and becomes weaker. 
One can imagine a radial resolution grid around a detector with increasingly large resolution 
cells at greater ranges depending on how the exploited frequency is modulated. Given the 
composition of the objects to be imaged, there will be a trade-off between image resolution and 
range. The challenge of this approach to imaging is to establish the lateral and range resolution 
possible for both the passive and active modes of operation. Both modulation methods (that 
maximize this trade space) and inversion algorithm improvement (based on ideal and practical 
numbers/locations of detectors) should be investigated. DARPA seeks to identify the imaging 
scenarios involving unknown scattering environments that will be dramatically improved. 
Understanding the fundamental trade space of 3D penetration vs. resolution vs. range for this 
type of computational imaging modality is the goal. 
 

C. Structure 
The maximum duration of efforts funded by ITA3 will be 18 months. Phase I will not exceed six 
months. Phase II will be an option subject to progress in Phase I. A decision on continuation to 
Phase II will be based on the original SOW, a clear indication of the likely disruptive outcomes 
that would result from the completion of Phase II, and funding availability. 

 
Phase I  
 

Develop a model for the penetration vs. 3D resolution trade space associated with exploiting 
active or passive modulated ELF to VLF electromagnetic waves for imaging. Realistic current 
and future goals for detector sizes, sensitivities, and background noise sources should be 
included in order to document likely data acquisition times necessary to achieve specific 
resolution goals that would make this approach the imaging method of choice.  

 
Phase II 
 

Determine practical trade-offs based on detector placement limitations, SNR, waveforms, 
inversion algorithm opportunities/limitations, and the computational complexity associated with 
image reconstruction times. Simulations are expected and experiments are strongly encouraged, 
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indicating imaging capabilities at a chosen frequency range. Generalizations of future 
performance based on further advances in detector technology, inversion algorithms, and active 
vs. passive modulated background signals should be addressed. Assuming N detectors, it should 
be possible to determine an image resolution grid for different imaging scenarios (e.g., a 
shipping container one can get physically close to as compared with a city-scape, underground 
tunnel network, or out-to-the-horizon field of view obscured by sand or fog). 
 

D. Technical Comments   
We note that signals from practical Earth-based VLF transmitters are detectable on Earth and in 
space. Signals from advanced Earth-based 3 Hz - VLF transmitters and natural sources should be 
characterizable in phase, amplitude, and polarization. Advanced detectors have high sensitivities 
and six-axis E/H vector and polarization measurement capability.  

 
Using SQIF or better detectors the following should be possible: 

• Imaging through inch-thick conductors, obscurants, degraded visual environments, 
and clutter at substantial transmitter to target separations 

• Subsurface imaging at enhanced depth and resolution, from surface or from 
aircraft as well as deep Earth-crust imaging 

• Ocean-floor imaging from ocean surface or aircraft using signals from advanced 
ELF-ULF transmitters 

• Robust GPS-independent position, navigation, and timing (PNT), including in 
indoor and urban-canyon settings 

• Below-Earth-surface static magnetic field gradiometric imaging from aircraft 
• Satellite-based sensing of Earth signals, such as power line emission maps.  

 
E. Schedule/Milestones  

Proposers must provide a technical and programmatic strategy that conforms to the entire 
maximum 18-month program schedule (3-6 months for Phase 1 and 12-15 months for Phase 2) 
and present an aggressive plan to fully address the program goals, by specifying metrics, 
milestones and deliverables. The task structure must be consistent across the proposed schedule, 
Statement of Work, and cost volume. For planning and budgetary purposes, proposers should 
assume a program start date of October 15, 2017. Schedules will be synchronized across 
performers, as required, and monitored/revised as necessary throughout the program.  All 
proposals must include the following meetings and travel in the proposed schedule and costs: 

• To foster collaboration between teams and disseminate program developments, a one-day 
Principal Investigator (PI) meeting will be held at the kick-off and at approximately six 
months, most likely in Arlington, VA.  

• Regular teleconference meetings will be scheduled with the Government team for 
progress reporting as well as problem identification and mitigation. Proposers should also 
anticipate at least one site visit by the DARPA Program Manager during which they will 
have the opportunity to demonstrate progress towards agreed-upon milestones. 

 
F. Deliverables  

Performers will be expected to provide at a minimum the following deliverables: 
• Comprehensive quarterly technical reports due within ten days of the end of the given 

quarter, describing progress made on the specific milestones as laid out in the SOW 
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• A phase completion report submitted within seven days of the end of each phase, 
summarizing the research done 

• Other negotiated deliverables specific to the objectives of the individual efforts. These 
may include resolution trade-space charts, experimental protocols, publications, etc.  

• Reporting as outlined in Section VI of BAA HR001117S0040. 
 

II. Award Information 
See Section II and Section IX of BAA HR001117S0040 for information on awards that may 
result from proposals submitted in response to this notice. 
 
III. Eligibility 

See Section III of BAA HR001117S0040 for information on who may be eligible to respond to 
this notice. 
 

IV. Opportunity Responses 
Responses to this Disruption Opportunity Special Notice must be submitted as full proposals to 
BAA HR001117S0040 as described therein; executive summaries and abstracts will not be 
accepted. All proposals must be unclassified. 
 

A. Proposal Content and Format 
The following sections of BAA HR001117S0040 provide content and format instructions for all 
proposals submitted in response to this notice: 

• IV.B Content and Form of Application Submission 
• IV.B.3 Full Proposal Information 

o Attachments 5, 6, and 7 provide specific guidance for Disruption Opportunity 
proposal submissions 

• IV.B.4 Proprietary Information 
 

B. Proposal Submission Instructions 
See Section IV.E.1 of BAA HR001117S0040 for instructions on transmitting proposals 
submitted in response to this notice. 
 

C. Proposal Due Date and Time 
Proposals in response to this notice are due no later than 4:00 PM on September 11, 2017. Full 
proposal packages as described in Section IV.B.3 of BAA HR001117S0040 must be submitted 
per the instructions outlined therein and received by DARPA no later than the above time and 
date. Proposals received after this time and date may not be reviewed. 
 
Proposers are warned that the proposal deadline outlined herein is in Eastern Time and will be 
strictly enforced. When planning a response to this notice, proposers should take into account 
that some parts of the submission process may take from one business day to one month to 
complete.  
 
See Section IV.C.3 of BAA HR001117S0040 for additional information.  
 

V. Proposal Evaluation and Selection 
Proposals submitted in response to this notice will be evaluated and selected in accordance with 
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Section V of BAA HR001117S0040. Proposers will be notified of the results of this process as 
described in Section VI.A of BAA HR001117S0040. 
 

VI. Administrative and National Policy Requirements 
Section VI.B of BAA HR001117S0040 provides information on Administrative and National 
Policy Requirements with which proposers may have to adhere for proposal submission as well 
as performance under an award (e.g., Representations and Certifications, Intellectual Property, 
Data Management).  
 
VII. Point of Contact Information 
Dr. Michael Fiddy, Program Manager, DARPA/DSO, ITA3@darpa.mil 
 

VIII. Frequently Asked Questions (FAQs) 
All technical, contractual, and administrative questions regarding this notice must be emailed to 
ITA3@darpa.mil. Emails sent directly to the Program Manager or any other address may result 
in delayed or no response.  
 
All questions must be in English and must include name, email address, and the telephone 
number of a point of contact. DARPA will attempt to answer questions publically in a timely 
manner; however, questions submitted within 7 days of the proposal due date listed herein may 
not be answered. DARPA will post an FAQ list under the Special Notice on the DARPA/DSO 
Opportunities page at: http://www.darpa.mil/work-with-
us/opportunities?tFilter=&oFilter=2&sort=name. The list will be updated on an ongoing basis 
until one week prior to the proposal due date.  
 
 

mailto:ITA3@darpa.mil
mailto:ITA3@darpa.mil
http://www.darpa.mil/work-with-us/opportunities?tFilter=&oFilter=2&sort=name
http://www.darpa.mil/work-with-us/opportunities?tFilter=&oFilter=2&sort=name
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