NATIONAL GEOSPATIAL-INTELLIGENCE AGENCY
11.2 Small Business Innovation Resear ch (SBIR)
Proposal Submission Instructions

GENERAL INFORMATION

The mission of the National Geospatial-Intelligence Agency (NGA) is to provide timely, relevant, and
accurate geospatial intelligence in support of national security. Therefore, NGA pursues research that
will help guarantee the information edge over potential adversaries. Information on NGA's SBIR
Program can be found on the NGA SBIR website at:
https://www1.nga.mil/About/WorkingWithUs/ResearchGrants/SBI R/Pages/default.aspx. Additional
information pertaining to the National Geospatial-Intelligence Agency’s mission can be obtained by
viewing the website at http://www.nga.mil/.

Inquiries of a general nature or questions concerning the administration of the SBIR program should be
addressed to:

National Geospatial-Intelligence Agency
Attn: SBIR Program Manager, IDO, MS: S74-1DO
7500 GEOINT Dr., Springfield, VA 22150-7500

Email: SBIR@nga.mil

For technical questions about the topic, directly contact the Topic Authors listed under each topic before
25 May 2011, after that questions may be posted through SITIS at http://www.dodsbir.net/sitis/. For
genera inquiries or problems with the electronic submission, contact the DoD Help Desk at 1-866-724-
7457 (8:00AM to 5:00PM ET).

PHASE | PROPOSAL INFORMATION

Read the DoD Program Solicitation at www.dodsbir.net/solicitation for detailed instructions on
proposal format and program requirements. NGA has devel oped topics to which small businesses
may respond in the fiscal year 2011 SBIR Phase | iteration. These topics are described on the following
pages. The maximum amount of SBIR funding for a Phase | award is $100,000 and the maximum period
of performance for a Phase | award is nine months. While NGA participates in the mgjority of SBIR
program options, NGA does not participate in the either the Fast Track, Commercialization Pilot or Phase
I Enhancement programs.

Selection of Phase | proposals will be in accordance with the evaluation procedures and criteria discussed
in this solicitation (refer to section 4.2 of the program solicitation).

Federally Funded Research and Development Contractors (FFRDC) and other government contractors,
whom have signed Non-Disclosures Agreements, may be used in the evaluation of your proposal.

NGA typically provides afirm fixed price level of effort contract for Phase | awards. The type of contract
is at the discretion of the Contracting Officer.

If a vendor occupies space in a NGA activity or has a support contract to provide services outside of an
SBIR Phase I, Il or Ill contract award with NGA, they must indicate this on the front of the Proposal
Cover Sheet. NGA is concerned with potential conflicts of interest. If avendor replies “yes' to either of
these questions, and it is determined that their participation in the NGA SBIR program would create a
conflict of interest, then the vendor will not be allowed to participate in NGA’s SBIR program.
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Phase | contracts will include a requirement to produce one-page monthly status reports and a more
detailed interim report not later than 7 %2 months after award. These reports shall include the following
sections:

e A summary of the results of the Phase | research to date

e A summary of the Phase | tasks not yet completed, with an estimated completion date for each
task

o A statement of potential applications and benefits of the research.

The interim report shall be no more than 750 words long. The report shall be prepared single spaced in
12 pitch Times New Roman font, with at least a one inch margin on top, bottom, and sides, on 8 %2’ by
11" paper. The pages shall be numbered. The interim report shall be evaluated on the same criteria used
to evauate Phase | proposas to decide which Phase | projects will be invited to submit Phase Il
proposals.

PHASE || GUIDELINES

Phase Il proposals are invited by NGA from Phase | projects that have demonstrated the potential for
commercialization of useful products and services.

NGA typicaly provides a cost plus fixed fee contract as a Phase || award. The type of contract is at the
discretion of the Contracting Officer.

Phase 1l proposals shall be limited to $500,000 over a two year period, with a $250,000 base proposal
(first year) and a $250,000 option period (second year). Phase Il base and Phase Il option costs shall be
shown separately in the proposal. A work breakdown structure that shows the number of hours and |abor
category broken out by task and subtask, as well as the start and end dates for each task and subtask, shall
be included. The option shall be included with the base proposal at the time of submission.

Selection of Phase Il proposals will be in accordance with the evaluation procedures and criteria
discussed in this solicitation (refer to section 4.3 of the program solicitation). Those SBIR participants
that are selected to submit Phase Il proposals will receive a detailed package of NGA submission
reguirements, which will include the relevant importance of the evaluation criteria and also may include
additional evaluation criteria.

Phase Il contracts shall include a requirement to produce one-page monthly status reports and an interim
report not later than 10 months after contract award. These reports shall include the following sections:

e A summary of the results of the Phase Il research to date

o A summary of the Phase Il tasks not yet completed, including those in the Option year, with an
estimate of the completion date for each task

o A statement of potential applications and benefits of the research.

The report shall be no more than 750 words long. The report shall be prepared single spaced in 12 point
Times New Roman font, with at least a one inch margin on top, bottom, and sides, on 8 %2" by 11" paper.
The pages shall be numbered. The report shall be evaluated in accordance with this solicitation (refer to
section 4.3 of this solicitation).
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NGA PROPOSAL CHECKLIST

Thisis a Checklist of Requirements for your proposal. Please review the checklist carefully to ensure that
your proposal meets NGA SBIR requirements. Failure to meet these requirements will result in your
proposal not being considered for review or award. Do not include this checklist with your proposal.

1. The Proposa Cover Sheet along with the full Technical Proposal, Cost Proposal, and
Company Commercialization Report were submitted using the SBIR proposal submission system, which
can be accessed directly at (http://www.dodsbir.net/submission.) The Proposal Cover Sheet clearly
shows the proposal number assigned by the system to your proposal. Indicate if you are a NGA support
contractor.

2. The proposal addresses a Phase | effort (up to $100,000 with up to a nine-month duration) .
3. Theproposal islimited to only ONE NGA solicitation topic.

4. The Project Content and other content provided on the Proposal Cover Sheet contains no
proprietary information and is limited to the space provided.

5. The Technical Content of the proposal includes the items identified in Section 3.5 of the
program solicitation.

6. The Company Commercialization Report is submitted online in accordance with Section
3.5.d. Thisreport is required even if the company has not received any SBIR funding (This report does
not count towards the 25-page limit).

7. The proposal is 25 pages or less in length (excluding the Company Commercialization
Report). Pagesin excess of this length will not be considered for review or award.

8. The proposal contains no type smaller than 12 pitch font size (except as legend on reduced
drawings, but not tables).

9. The Cost Proposa has been completed for the Phase | costs. The Cost Proposal has been
filled in electronically or included as the last page of the uploaded technical proposal. The total cost
should match the amount on the cover pages.

10. The proposal must be electronically submitted through the online submission site
(http://www.dodsbir.net/submission) by 6:00 am. 29 June 2011.
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NGA SBIR 11.2 Topic Index

NGA11-001 Create 3D Auto-Georegistration, Using Dense Pixel Matching, with Associated Error
Models
NGA11-002 Novel Methods of Interacting with Overhead Imagery for Broad-Area Search
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NGA SBIR 11.2 Topic Descriptions

NGA11-001 TITLE: Create 3D Auto-Georegistration, Using Dense Pixel Matching, with Associated
Error Models

TECHNOLOGY AREAS: Sensors, Electronics, Battlespace

OBJECTIVE: To provide a solution that automatically and precisely assigns 3D coordinates and associated error
estimates from still image and full motion video frames.

DESCRIPTION: NGA’s core mission isto provide timely, relevant, and accurate Geospatial Intelligence products to
its customers. As such, NGA seeks to develop an innovative and novel solution for producing 3D auto-
georegistration products, with associated error models, from multiple sensor platforms and without regard to the
sensor’s orientation, while simultaneously using dense pixel matching and photogrammetric techniques. The ideal
solution will take both digital-still image and full-motion-video sources into consideration.

Currently, the process of creating 3D georegistration products is resource intensive and requires complex
computations to match control points from tactical imagery to that of terrain features. Promising models from the
computer vision community using dense pixel matching, mixed with algorithms from traditional photogrammetry,
show promising 3D results superior to LiDAR [1]. Proving this concept along with generating the associated error
theory is required. Incorporating error uncertainty, such as Circular Error (CE) and Linear Error (LE), into the 3D
georegistration products would greatly enhance the product’s utility by giving the user confidence intervals from
which to make critical decisions.

In addition, dense pixel matching across images would allow 3D georegistration products to include “3D coordinate
under cursor” capabilities. Advances in Digital Signal Processing (DSP) technology makes possible the ability to
register overlapping images based on pixel values found in the images. Also, DSP enables efficient processing of
advanced statistical techniques to determine the introduction of new pixels in and out of view. These 3D vision
algorithms result in the effective equivalent of a point cloud from which three dimensional referenced models can be
created. The resources required to process this dense-pixel-point-cloud are immense and often impact the timely
delivery of geospatia intelligence products. Because of this, the latest advances in computer architecture and design
should be investigated and incorporated into the design and realization of the proposed solution.

PHASE |: Determine technical feasibility for integrating 3D-dense-pixel-matching-georegistration methodology,
with CE and LE error models, in an advanced and robust computer architecture.

PHASE II: Using results from Phase |, fabricate and validate a prototype system and demonstrate the system’'s
effectiveness in an operational environment. Include as deliverables all necessary hardware and any associated
software algorithms with the prototype system.

PHASE Il DUAL USE APPLICATIONS: This solution has military and civilian use implications. Military
applications include targeting and intelligence. Civilian applications include surveying applications, urban planning,
and humanitarian aid.

REFERENCES:

1. F. Leberl et al, Point Clouds: Lidar versus 3D Vision. Photogrammetric Engineeering & Remote Sensing 2010;
76 (10): 1123 -1134

2. Geoffrey Peters, Mark Leavy, and William N. Peters, 3D Aeria Reconnaissance. Photogrammetric Engineering
& Remote Sensing 2010; 76 (5): 517 — 521

3. McGlone, C., EMM. Mikhail, J. Bethel, and R. Mullen, 2004. Manua of Photogrammetry, Fifth Edition,
American Society for Photogrammetry and Remote Sensing, p. 1151

4. Hartley, R, and A. Zissermann, 2004. Multiple View Geometry for Computer Vision, Cambridge University
Press, Second edition, p. 672
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KEYWORDS: georegistration, 3D coordinates, Full-Motion Video (FMV), dense pixel matching, control paints,
circular error (CE), linear error (LE), 3D vision, 3D image-based photogrammetry, computer vision

NGA11-002 TITLE: Novel Methods of Interacting with Overhead |magery for Broad-Area Search

TECHNOLOGY AREAS: Information Systems, Materials/Processes, Human Systems

OBJECTIVE: Design, develop and implement novel methods for interacting with imagery and image exploitation
software that are not limited to standard input devices (i.e., mouse and keyboard), and use of more of the body than
just the hands. The methods will allow an analyst to perform a wide variety of image manipulations without taking
their eyes from the screen, thereby allowing them to maintain their context within an image. The methods will
facilitate and improve visual search of overhead imagery.

DESCRIPTION: The transition from hardcopy film to softcopy image exploitation resulted in fundamental changes
to the ways analysts interacted with data. One potentially significant change was a large reduction in the degree of
bodily involvement in the image analysis process. When overhead imagery was stored on hardcopy film analysts
laid the film on light tables, or held it up to the light to view the imagery. To look at an area in greater detail, an
analyst would tape the film together for context, and physically move a zooming scope into position. Analysts could
then physically move the hardcopy film around on the table under the scope to scan through an image in detail. Now
analysts exploit softcopy imagery using virtual electronic light tables (ELTS) such as Remote View, ERDAS,
FalconView, Vitec ELT, and more. Instead of physically positioning their body and the hardcopy film while
performing different aspects of the image exploitation task, analysts now sit in chairs, looking at immobile screens
and moving just their hands to manipul ate the image appearance.

Given that the human cognition is embodied, meaning that our thought processes are intimately related to the parts
of our body we use to accomplish atask, differences in the use of the body when exploiting hardcopy and softcopy
imagery may also affect analyst’s cognition. For example, many analysts describe a reduced ability to envision
themselves “in the image” when they are working on workstations with digital imagery compared to searching using
films.

Another difference between exploiting imagery on hardcopy and working on standard workstations is that once
oriented to the large films, analysts could easily maintain their context within the film while zooming in and out and
panning around the image. When searching softcopy imagery using the standard mouse and keyboard interface,
analysts report that it is easy to lose the context, meaning the position in the larger image, of the currently displayed
scene. Losing context is especially a problem when analysts must take their eyes off the image to navigate a pointer
in order to access software functionality, like a display widget to control zooming. In a dense or unfamiliar area, it
takes considerable time and mental “ shifting” to re-orient back to the image and regain context.

We seek novel methods for interacting with overhead imagery, allowing analysts to keep their eyes on the imagery
and use more of their body during the analytic tasks while giving them the ability to access functionality without
needing to navigate menus with a pointer. We believe these advances may lead to increases in search analysis
effectiveness and timeliness. Interfaces that provide more opportunities for multiple modalities of input, possibly
with a single touch or movement (e.g., more functionality can be assigned to button presses, gesture interfaces, or
mechanical devices) might solve the context problem and also increase analytic effectiveness.

PHASE I: Design a system that can utilize alternative interface devices for broad-area search of overhead imagery
in which analysts use more of their body than their hands to manipulate the image, and in which analysts can access
many features of exploitation software without taking their eyes from the screen. The design should be implemented
in a proof-of-concept system.

PHASE II: Further develop build, deliver, and demonstrate the proof-of-concept from Phase | into a working
prototype that allows broad-area search of commercial overhead imagery. Evaluate the effectiveness of the
prototype relative to standard methods of performing imagery exploitation. Prepare a technical report that describes
Phase || efforts and results.
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PHASE I1I: Refine the design from Phase 1l and deploy a system that can operate in NGA's environment (e.g.,
software, hardware, analysts' workflow). Benefits to the offeror include application of the system throughout both
the government and private sectors.

DUAL USE COMMERCIALIZATION: Military Application: Enable more effective and efficient searching of
overhead imagery for military targets.. Commercial Application: Successful completion of Phase Il will be
immediately useful for private entities searching commercial overhead imagery for targets of interest. The resulting
technology can also be adapted to serve as the human-computer interface for a wide variety of commercial
applications involving visual search..

REFERENCES:
1. Quek, F., "Embodiment and Multimodality”, ACM International Conference on Multimodal Interfaces, Banff,
Canada, 2006.

2. MacEachren, A. M., Cai, G., Sharma, R.,Rauscher, 1., Brewer, |., Boldli, L., et. Al., “Enabling collaborative
geoinformation access and decision-making through a natural, multimodal interface”, International Journal of
Geographical Information Science, 1362-3087, VVolume 19, Issue 3, 2005, Pages 293 — 317

3. Rauschert, I, Agrawal, P., Sharma, R., Fuhmann, S., Brewer, |, MacEachren, A., et a., “Designing a Human-
Centered, Mulitimodal GIS Interface to Support Emergency Management”, ACM Conference Proceedings, 2002, p.,
119-124.

KEYWORDS: Broad-Area Search, Overhead Imagery, Softcopy Search, Search, Human-Computer Interaction,
HCI, Multi-modal. Interfaces, Interfacesto GIS
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