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FORWARD 

The Small Business Innovative Research (SBIR) program, as 
established by law, benefits both small businesses and government 
agencies. Small businesses benefit by having the opportunity to 
obtain government funds so that they may pursue the development 
of an idea or concept to the point of commercialization. 
Government agencies benefit by providing the means for small 
businesses to conduct research in topic areas that are important 
to the general public. 

The implementation of the program in the Federal Aviation 
Administration (FAA) is as an agency wide program. The research 
topics for the current year program are the result of an agency 
wide solicitation. Evaluators for proposals are recruited from 
many agency organizational elements. 

The purpose of this report is to provide information to all FAA 
elements and other interested parties on the results of FAA SBIR 
contracts for the past five years. Summary information is 
provided on completed as well as on-going research. It is 
intended that an update for the most recent five years be 
published annually. 

A. A. Lupinetti 
FAA SBIR Program Manager 



INTRODUCTION 

Background The Small Business Innovation Research (SBIR) program 
is a phased process, uniform throughout t:tle Federal government, 
of soliciting proposals and awarding funding agreements for 
research or research and development (R&D) to meet stated agency 
needs or missions. The SBIR program is a result of the Small 
Business Innovation Development Act of 1982 (PL97-219). The 
purposes of the Act are 1) to stimulate technological innovation, 
2) to use small business to meet Federal R&D needs, 3) to 
increase private sector commercialization of innovations derived 
from Federal R&D, and 4) to foster and encourage minority and 
disadvantaged participation in technological innovation. 

The Department of Transportation (DOT) annually issues an SBIR 
solicitation that sets forth a substantial number of research 
topics or R&D topics and subtopic areas consistent with stated 
modal agency needs or missions. The FedHral Aviation 
Administration (FAA), as an operating administration of the DOT, 
provides topics for which proposals are t.o be considered for 
acceptance by DOT. Both the list of topics and the description 
of the topics and subtopics are sufficiently comprehensive and 
provide a wide range of opportunity for :;mall business concerns 
to participate in FAA research or R&D pr1:>grams. Topics and 
subtopics emphasize the need for proposals with advanced concepts 
to meet specific FAA research or R&D needs. Each topic and 
subtopic describe the needs in sufficient detail so as to assist 
small firms in providing on-target responses, but they do not 
involve detailed specifications to prescribed solutions of the 
problems. Unsolicited proposals or proposals not responding to 
the stated topics or subtopics are not eligible for SBIR awards. 

To stimulate and foster technological innovation, including 
increasing private sector applications of Federal R&D, the 
program follows a uniform process of three phases. 

Phase I. This phase involves a sol ici tc:Ltion of proposals to 
conduct feasibility related experimental or theoretical research 
or R&D efforts on described agency requirements. The object of 
this phase is to determine the technical feasibility of the 
proposed effort and the quality of performance of the small firm 
with a relatively small agency investment before consideration of 
further Federal support in Phase II. 

Several different proposed solutions to a given problem may be 
funded. Awards are made primarily on the basis of scientific and 
technical merit. Secondary considerati<:::ms may include program 
balance, critical agency requirements, and whether the proposal 
indicates potential commercial applications in addition to 
meeting agency needs. Only awardees of Phase I are eligible to 
participate in Phase II. 



Phase II. This Phase is the principal research or development 
effort. Funding is based upon the results of Phase I and the 
scientific and technical merit of the Phase II proposal. The 
object is to continue the research or R&D initiated under Phase I 
on agency needs. Phase II awards may not necessarily complete 
the total research and development that may be required to 
satisfy commercial or federal needs beyond the SBIR program. 
Completion of the research and development may be through 
Phase III. The Government is not obligated to fund any specific 
Phase II proposal. The Phase II award decision requires, where 
proposals are evaluated as being of approximately equal merit, 
that special consideration be given to proposals that have 
demonstrated third-phase, non-Federal capital commitments. 

Because the program is intended to increase the use of small 
business firms in Federal R&D, for Phase I a minimum of two
thirds of the research andjor analytical effort must be performed 
by the proposing firm. For Phase II a minimum of one-half of the 
research andjor analytical effort must be performed by the 
proposing firm. For both Phase I and II the primary employment 
of the principal investigator must be with the small business 
firm at the time of award and during the conduct of the proposed 
effort. All research or R&D work must be performed by the small 
business concern in the United States, its territories and 
possessions. For further information about the SBIR program, 
contact: 

u.s. Department of Transportation 
Research and Special Programs Administration 

Transportation Systems Center, DTS-23 
Kendall Square 

Cambridge, Massachusetts 02142 



FY-89 TOPICS 

PHASE I FY-89 TOPICS 

Projects will be chosen from the following SBIR Solicitation 
topics: 

Air Traffic Control/Flight Seryices 

89-FA1. 
89-FA2. 

89-FAJ. 

Air Traffic Controller Automation Communication 
Application of Artificial Intelligence to the 
Maintenance Control Center 
PC-Based Airspace Design and Procedural Development 
Tool 

Aircraft Safety 

89-FA4. 
89-FAS. 
89-FA6. 

89-FA7. 

Advanced De-Icing Fluids for Gt~neral Aviation Aircraft 
Aging Aircraft Corrosion Indicator 
Certification/Safety Assessment of Flying Qualities and 
Pilot Workload for Advanced Di9ital Fly-By-Wire 
Transport Aircraft 
Development of Low Heat Release Composites for Aircraft 
Interiors 

Airport Technology 

89-FA8. 
89-FA9. 

Airport Surface Traffic Automation 
Video Image Processing of Airport Pavement Distress 

Aviation Security 

89-FA10. 
89-FA11. 
89-FA12. 

Explosives Vapor Sampling 
Innovative .Passenger Screenin9 for Weapons 
Security Checkpoint Optimization 

FUNDING: ($M) (Statutory plus Project Funded) 

FY-86 FY-87 FY-88 FY-89 (ES~:J. 

1. 818 2.227 2.384 2.00 

11 



RESEARCH ABSTRACTS 

The following research abstracts are for all Phase I and II 
contract awards sponsored, either fully or on a shared cost 
basis, by the FAA. They are for the most part taken from project 
and proposal summaries submitted by the contractors. The 
research projects contained in this document cover a five-year 
period, FY-84 through FY-88. 

12 



FY-88 Phase II 

Project Title: A Compact Accelerator-Ba:sed Neutron Source for 
Baggage Interrogation 

Principal Investigator: Dr. Robert w. Ha:nm 

Company: Accsys Technology Inc. 
1177A Quarry Lane 
Pleasanton, CA 94566 

Contract Number: 

Period of Performance: 1 Oct 88 -

Technical Monitor: Chris Seher, ACD-120 

Summary of Proposed Research: The use of thermal neutrons for 
baggage inspection has been tested by the FAA in two prototype 
explosive detection units at selected airports. Although the 
feasibility of this technique has been established, a reliable, 
compact, preferably electrically-driven neutron source (i.e. no 
radioactive material) will be necessary if thermal neutron 
activation is to become a routine baggage explosives detection 
procedure. The Radio Frequency Quadrupole (RFQ) linear 
accelerator system designed in Phase I c,f this SBIR program will 
provide the required neutron flux in a c:ompact, reliable, and 
easy to maintain and operate unit. This. Phase II proposal is for 
the construction and testing of a prototype RFQ-based neutron 
source producing up to 8x1o9 neutrons/SE!C using 900kev deuterium 
ions bombarding a beryllium target. The! complete RFQ linac 
system is only 48" long and requires an input peak RF power of 
only 35 kilowatts, operating at a maximt~ duty factor of 3 
percent with a pulse repetition rate of up to 2000 pulses per 
second. The modular configuration of this system and its simple 
operation make it an ideal neutron source for airport baggage 
inspection by thermal neutron activation. 

Anticipated Results: The proposed research will produce a 
reliable, compact RFQ linac designed for operation as an 
electrically-driven neutron source for use in the FAA explosive 
detection system. This compact neutron source will also have 
application in commercial neutron activation analysis of 
minerals, trace elements, and chemicals .. 

13 



FY-88 Phase II 

Project Title: False Image Threat Projection and Development1 

Principal Investigator: Andreas Kotowski 

Company: Astrophysics Research Corp. 
4031 Via Oro Ave. 
Long Beach, CA 90801 

Contract Number: 

Period of Performance: 1 Oct 88 -

Technical Monitor: Roy Mason, ACD-120 

Summary of Proposed Research: A security operator training 
system based on the use of false image projection will be 
developed. The system is based on computer-controlled programmed 
learning using a database of luggage images and threat images. 
Individual luggage images are combined with individual threat 
images to provide a very large number of combined images. The 
system allows off-line training and evaluation of security X-Ray 
machine operators. 

Anticipated Results: A prototype X-Ray security operator 
training system based on the projection of threat images will be 
developed. 

1Althoughly initially proposed and selected under the SBIR 
Program, Astrophysics Research has been acquired by EG&G, 
disqualifying itself from receiving SBIR funding. 

14 



FY-88 Phase II 

Proiect Title: Post-crash Aircraft Fuel··Fed Fire Prevention 

Principal Investigator: Michael Beltran 

Company: Beltran, Inc. 
1133 E. 35th Street 
Brooklyn, New York 11210 

Contract Number: 

Period of Performance: 1 Oct 88 -

Technical Monitor: Eugene Klueg, ACD-210 

Summary of Proposed Research: This project seeks to develop 
~est-effective methods to mitigate or obviate post-crash jet 
fuel-fed fires through the use of visco-modified fuels (VMF), 
rapid jelling or emulsification, halon injection, and open cell 
foams in combination with VMF. It builds upon the work conducted 
in the Phase I project which determined the feasibility of fuel 
modification techniques and their ease c,r difficulty of 
implementation. The Phase II study will evaluate advanced VMF 
concepts, for example tensile and shear thickening additives, 
which are tailored to provide maximum bE!nefits in terms of mist 
elimination and shear-thickening to reduce spread during the 
crash. The Phase II program will develop small scale combustion 
test apparatus as well as determine the spray and pool fire 
flammability and fuel dispersion charact:eristics of the various 
concepts. The most promising techniqueB will be evaluated for a 
jet aircraft configuration to determine the total system 
requirements. Areas requiring further s1:udy or evaluation will be 
highlighted. 

Anticipated Results: The research will develop additives and/ or 
techniques which will mitigate or eliminate post-crash, fuel-fed 
fires. When implemented, this will sav'a lives, reduce damage to 
property and decrease costs. The resul·ts will be applicable to 
commercial, private, and military jet aircraft. 

15 



FY-88 Phase II 

Project Title: Workload Assessment Technologies for the 
Optimization of Data Link Controller 
Procedures 

Principal Investigator: Clark A. Shingledecker, Ph.D. 

Company: NTI, Inc. 
4130 Linden Ave., Suite 235 
Dayton, OH 45432 

Contract Number: 

Period of Performance: 1 Oct 88 -
Technical Monitor: Nick Talotta, ACD-320 

Summary of Proposed Research: The Mode s data link under 
development by the FAA is an essential upgrade to the existing 
ATC system. In order to insure the improvements in ATC safety 
and efficiency offered by this technological advancement, it will 
be necessary to assess its effects on the workload and 
performance capabilities of air traffic controllers. 

The Phase II research proposed by NTI, Inc., will employ a 
variety of workload and performance metrics identified in Phase I 
in a series of design and operational evaluation studies to be 
conducted by the FAA for the purpose of developing optimal 
procedures and controller interfaces for data link mediated ATC 
services. The results of these studies will form the basis for 
the development of a prototype standardized battery of controller 
assessment technologies for future use in the evaluation of FAA 
ATC automation initiatives. 

Anticipated Results: This effort will provide the FAA with a 
standardized controller assessment tool for application during 
the conceptual, design, and evaluation phases of automated system 
development. Direct commercial applications are anticipated in 
process control and transportation industries. 

16 



FY-88 Phase II 

Project Title: Squid NMR for Explosives Detection 

Principal Investigator: Dr. Ronald E. Sager 

Company: Quantum Magnetics, Inc. 
11578 Sorrento Valley Road, Su.ite 30 
San Diego, CA 92121 

Contract Number: 

Period of Performance: 1 Oct 88 -

Technical Monitor: Chris Seher, ACD-220 

Summary of Proposed Research: A nuclear magnetic resonance (NMR) 
system to inspect airline baggage for the presence of flat-sheet 
explosives is proposed. The system is designed to respond to the 
presence of PETN which is a principal component of all flat
sheet explosives. Distinguishing features of the system include 
the use of a surface coil geometry and a superconducting quantum 
interference device (SQUID) detection system. Although PETN is 
not detectable by conventional surface-c::oil techniques, the SQUID 
detector is a low-noise device with the sensitivity to detect the 
proton NMR signal from PETN directly. 

Anticipated Results: At the conclusion of this program, an 
instrument system capable of rapid and <:tccurate detection of 
flat-sheet explosives in airline luggag4~ will have been 
demonstrated. When fully developed, th4~ system will greatly 
enhance airport security. The detection technique may also find 
application in checkpoints at embassies, FBI offices, and other 
terrorist targets throughout the world. 

17 



FY-88 Phase II 

rroject Title: Computer Voice and Speech Data Entry and 
Recognition 

Principal Investigator: Philip c. Shinn, Ph.D. 

Company: Speech Systems, Inc. 
18356 Oxnard Street 
Tarzana, CA 91356 

Contract Number: 

Per_iod of Performance: 1 Oct 88 -

Technical Monitor: George Booth, ADS-120 

Summary of Proposed Research: Capabilities of the current speech 
recognition system for ATC application will be enhanced to attain 
better recognition performance and increase the speed of 
recognition. Recognition speed and accuracy will be improved by 
three methods: 1) building vocabulary-independent, speaker
independent recognition models that are enhanced for ATC 
applications, 2) improving current search algorithms to be more 
efficient in their use of computational resources, and 
3) continuing the development of ATC syntax. 

Anticipated Results: Results are expected in two areas: 
1) improved man-machine interface with computers, and 
2) increased ease of and efficiency in ATC employee performance. 

18 



FY-88 Phase I 

Project Title: Development of an Advanced Fan Blade 
Containment System 

Principal Investigator: Alan D. Lane 

Company: Advanced Structures Technology, Inc. 
2849 s. 44th Street 
Phoenix, Arizona 85040 

Contract Number: 

Period of Performance: 1 Oct 88 -

Technical Monitor: Bruce Fenton, ACD-220 

Summary of Proposed Research: An advancHd turbine engine fan 
blade containment system using ceramic t:Lles on a polymer fiber 
backing ring is proposed. The proposed ceramic/polymer-fiber 
system has proven more weight effective 1:han monolithic metallic 
or polymer materials for stopping penetration of ballistic 
munitions projectiles. It is expected that this technology, 
originally developed for aircraft armor :;ystems, will decrease 
containment system weights while still p:roviding the same degree 
of protection as existing systems. 

Anticipated Results: This technology will allow the design of 
higher thrust-to-weight engines. It can be used for either new 
designs or retrofit applications for existing engines. 

19 



FY-88 Phase I 

Project Title: Shadowgraph Enhancement 

Principal Investigator: Andreas Kotowski 

Company: Astrophysics Research Corp. 
4031 Via Oro Ave. 
Long Beach, CA 90801 

Contract Number: 

Period of Performance: 1 Oct 88 -

Technical Monitor: Roy Mason, ACD-120 

Summary of Proposed Research: A method of automated operator 
assistance for security X-Ray machine operators will be developed 
and evaluated.The method is based on analysis of image areas 
sufficiently dense to possibly contain a threat. Both metallic 
threats such as guns and non-metallic threats such as explosives 
will be studied. The method will be formulated as two computer 
algorithms, one for guns and one for explosives. A demonstration 
will be run on the firm's in-house image analysis work station. 

Anticipated Results: This project will result in the development 
of an X-Ray system accessory which will enhance airport 
checkpoint security performance and safety. Potential 
applications to other secure areas such as government offices and 
labs exist. 

20 



FY-88 Phase I 

Project Title: TCAS I Development 

Principal Investigator: Gene Horlander 

Company: Gene Horlander/ACOM Microwave 
8805 Denise Drive 
Louisville, KY 40219 

Contract Number: 

Period of Performance: 1 Oct 88 -

Technical Monitor: Joseph Walsh, ASA-12(1 

Summary of Proposed Research: As a result of the increasing 
volume of air traffic a need exists for a device operated onboard 
the aircraft to warn the pilot of other aircraft that may pose a 
potential collision risk. The Traffic AJ.ert and Collision 
Avoidance System {TCAS) has been under dE~velopment by the 
aerospace industry and the FAA for many years. Levels I, II, and 
III of TCAS have been established for vaJ~ious alert and avoidance 
capabilities. 

The objective of this project is to develop an inexpensive TCAS I 
system that meets all of the FAA TCAS I (General and Commuter 
Aircraft) requirements. These are put forth in the RTCA 
Document 197. The target price of the system is under $10,000. 
ACOM has already completed part of the R&D for the TCAS system 
under private funding. 

Anticipated Results: An inexpensive TCAS I design and prototype 
system is expected to result from this contract. ACOM Microwave 
plans to develop, test, manufacture, and install the systems. It 
is anticipated that TCAS devices will become required avionics 
equipment for commuter/air taxi operations. ACOM also intends to 
issue units to business and private aircraft operators. Because 
the device will be an inexpensive response to the TCAS 
requirement we expect the safety minded aircraft operator to 
consider its use . 

21 



FY-88 Phase I 

Project Title: Neural Networks for Air Traffic Control 

Principal Investigator: Dan Greenwood 

Company: Netrologic Inc. 
4241 Jutland Drive 
San Diego, CA 92117 

Contract Number: 

Period of Performance: 1 Oct 88 -

summary of Proposed Research: Powerful new computational devices 
and methods based on biological principles of information 
processing are currently being applied in problems in pattern 
recognition, combinatorial optimization, evidential knowledge 
processing, and in many other problems which have resisted 
solutions using conventional algorithmic approaches. The research 
proposed involves exploring the feasibility of applying neural 
networks to air traffic control problems such as air traffic flow 
control optimization and conflict prediction and resolution. 
NETROLOGIC and its subcontractors, TRW and Ball Corporation, will 
perform a trade-off analysis which identifies the candidate air 
traffic control problems most likely to be solvable by neural 
network approaches. Limited neurocomputer experimentation will 
be performed in Phase I so that the best network structures can 
be identified. More extensive demonstrations and tests will be 
configured in the Phase II program. 

Anticipated Results: Neurocomputers and computer chips 
specially designed to solve particular air traffic control 
problems may be the ultimate products of the proposed research. 
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FY-88 Phase I 

Project Title: Network of Learning Systems for Air Traffic 
Control 

Principal Investigator: Edward H. Patrick Ph.D. M.D. 

Company: Patrick Consult Inc. 
810 Matson Place 
Cincinnati, Ohio 45204 

Contract Number: 

Period of Performance: 1 Oct 88 -

Technical Monitor: George Booth, ADS-120 

Summary of Proposed Research: A pilot study is planned which 
will investigate how to plan, schedule, and control air traffic 
utilizing a network of expert learning subsystems. The system, 
with simulations, will demonstrate problHm solutions and provide 
direction for future research, evaluation, implementation, and 
cost. 

The principal investigator is Dr. Edward Patrick, noted for his 
pioneering work in pattern recognition, artificial intelligence, 
and production R&D of learning systems. These are more general 
than conventional three layer neural netB. 

Some modules in the network will utilize training examples 
generated by computer simulation (with problem constraints) and 
expert knowledge, and others will use physical equations for air 
traffic planning. Outcomes can be predicted for findings not 
previously seen. 

Anticipated Results: This study is expe,=ted to establish FAA 
guidelines on how to build a system capable of learning to plan 
and control air traffic. Projected technical problems, cost, and 
time to develop and implement will be determined. An academic
industrial link will be nourished for possible future research 
and development. 
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FY-88 Phase I 

Project Title: Glass Bottle Contents Verification 
System 

Principal Investigator: Dale R. McKay 

Company: Quantum Magnetics, Inc. 
11578 Sorrento Valley Road, Suite 30 
San Diego, CA 92121 

Contract Number: 1 Oct 88 -

Period of Performance: 

Technical Monitor: Hector Daiutolo, ACD-120 

Summary of Proposed Research: A glass bottle contents 
verification system based upon nuclear magnetic resonance (NMR) 
relaxation signatures is proposed. The proposed system will 
accommodate the expected wide range of fluid types and bottle 
sizes. In addition, unlike systems based upon high-resolution 
NMR cechniques, the proposed bottle contents verification system 
will operate with modest magnetic field strength and field 
homogeneity. 

Anticipated Results: Successful completion of the proposed 
program will result in a simple, fast, accurate, and inexpensive 
system to determine whether the contents of unopened glass 
bottles are hazardous or benign. The system will be suitable for 
installation at security checkpoints in municipal airports, 
government offices and laboratories, and sensitive commercial 
facilities. 
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FY-88 Phase I 

Project Title: NDI of Composite Structural Materials by Gamma 
Scatter Sensing 

Principal Investigator: Charles c. Blat<:hley, Ph.D. 

Company: Spire Corporation 
Patriots Park 
Bedford, MA 01730 

Contract Number: 

Period of Performance: 1 Oct 88 -

Technical Monitor: Larry Neri, ACD-220 

Summary of Proposed Research: Without effective nondestructive 
inspection (NDI) methods, structures employing composite 
materials must rely on large design margins of safety and 
expensive individual component proof testing. The objective of 
the Phase I research is to remedy this with gama ray scatter 
counting, a form of radiometry widely used to measure thickness 
and composition of thin film coatings. Phase I will examine 
design requirements and test for feasibility, with emphasis on 
developing a portable system capable of characterizing defects in 
laminates of varying thickness. Pending the outcome of these 
tests, a prototype inspection device will be developed and tested 
in Phase II. 

Unlike conventional radiometry or radio9raphy, gamma scatter 
requires access to just one surface, and through proper 
collimation it can be made to ignore surface features and sense 
only defects inside a composite structu1~. It can be extremely 
rugged; detectors and electronics simil~tr to those for a hand
held inspection unit have been successfully boosted into space. 
Other potential uses include detecting incipient cracking or 
corrosion damage in structures already ~n use. 

Anticipated Results: A gamma scatter based NDI system will have 
broad use in commercial aviation for insuring structural 
integrity of composite materials. It will also find applications 
at the manufacturing, assembly, and ope:~ational levels, will 
reduce costs by relaxing design margins, increase material usage, 
and will open up new applications in ga:; turbine engines and 
ground vehicles. 
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FY-87 Phase II 

Project Title: Methodology for Correlation of ATC Controller 
Workload Errors 

Principal Investigator: Elizabeth D. Murphy 

Company: Computer Technology Associates, Inc. 
5670 Greenwood Plaza Blvd., Suite 200 
Englewood, Colorado 80111 

Contract Number: DTRS-57-87-C-00107 

Period of Performance: 1 Oct 87 -

Technical Monitor: w. Shepherd, AAM-500 

summary of Proposed Research: To ensure that planned increases 
in automation will benefit controller productivity, a means of 
evaluating design changes early in the ATC system development 
life cycle is needed. The proposed research will provide an 
accurate reliable means of predicting the workload and 
performance of air traffic controllers. The predictions will be 
based on task analytic information that is available in early 
phases of system development. Predictions will be generated by 
the Predictive Air Traffic Control Analysis Model (PATCAM). 
PATCAM is an engineering tool created by Phase I SBIR research. 
This project will validate the model's predictive base, perform 
the necessary data collection, and develop software to automate 
the model's structural elements and computational procedures. 
The research will use PATCAM to predict controller workload and 
performance in two highly automated, future environments: the 
Advanced Automation System (AAS) and the AAS enhanced by the 
Automated En Route Air Traffic Control (AERA) 2 capabilities. A 
comparison of these results will help identify areas that need 
improvement in order to ensure that AERA 2 fulfills its goal of 
increasing controller productivity. 

Anticipated Results: This research will produce an engineering 
tool for use in predicting the effects of AAS/AERA 2 design 
alternatives on human workload and performance prior to 
development of a physical design. Potential applications include 
future enhancements to the air traffic control system, automated 
aviation-related systems, automated military systems, and 
automated manufacturing systems. 
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FY-87 Phase II 

Project Title: Laboratory Investigation of Atmospheric Effects 
on Vortex Wakes 

Principal Investigator: H. T. Liu 

Company: Flow Research Company 
21414 68th Ave. South 
Kent, Washington 98032 

Contract Number: DTRS-57-87-00109 

Period of Performance: 1 Oct 87 -

Technical Monitor: J. O'Neill, ACD-220 

Summary of Proposed Research: The feasibility of conducting tow 
tank experiments was demonstrated to characterize aircraft 
vortices under the influence of atmospheric disturbances such as 
stratification, wind shear, and turbulence. Innovative methods 
were developed for simulating these disturbances and for 
quantifying ambient conditions and the vortex flow field. The 
aircraft vortices were simulated by an NJ.CA 0012 wing, towed at 
several angles of attack, and by a 2-D vortex generator. A thin 
wire suspension system for the wing model was the key to 
achieving a contamination-free vortex wa}~ for the proposed 
investigation. Visual experiments using fluorescent dye and 
microcapsules were conducted to characterize the vortex 
evolution. Several important discoverie~; were made in the 
Phase I research that would help improve the understanding of the 
behavior of aircraft vortices in an airport environment. The 
Phase II study will quantify a number of Phase I findings, 
including laboratory methods, and will probe measurements and 
visual experiments to characterize the ambient conditions and 
vortex flow fields near ground level. Additionally, a vortex
method code will be modified to study sh«~ar effects. 

Anticipated Results: Data will be provided for reassessing the 
FAA separation standards. Information f:rom this study will also 
be used for validating models developed as predictive tools for 
real-time air traffic control operations. The methodology can be 
used to test the effectiveness of new vortex-taming devices. 

27 



FY-87 Phase II 

Project Title: Sensors for the Detection of Nonmetallic Weapons 
Concealed Upon Personnel 

Principal Investigator: Lawrence E. Larson 

company: Medical Microwave Research Corp. 
808 Pershing Dr., suite #104 
Silver Spring, Maryland 20910 

contract Number: DTRS-57-87-00110 

Period of Performance: 1 Oct 87 -

Technical Monitor: Ken Novakoff, ACD-120 

summary of Proposed Research: This project will develop a new 
concept for the detection of nonmetallic or metallic weapons 
concealed upon personnel by the use of noncontacting sensors. 
The detection and classification method is based on contrast 
between concealed weapons and their background. Metal detectors 
are not used. Phase I SBIR results have demonstrated detection 
feasibility and target classification. This project will 
increase data collection rates, add area scans for target shape, 
and add surface characteristics for use in target classification. 
The system is to be tested on human volunteers with various 
targets concealed in various sites under assorted types of 
clothing. The test results will be presented in terms of 
estimated probability of detection and estimated false alarm 
rates. 

Anticipated Results: If fully successful, this novel system for 
the detection of concealed weapons will detect nonmetallic as 
well as metallic weapons concealed upon personnel with a 95 
percent accuracy and a 5 percent false alarm rate for innocuous 
targets. 
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FY-87 Phase II 

Project Title: Airborne Forward Looking Low Level Wind Shear 
Sensor 

Principal Investigator: Todd A. Cerni 

Company: OPHIR Corporation 
7333 West Jefferson Avenue, Suite 210 
Lakewood, Colorado 80235 

Contract Number: DTRS-57-87-C-00111 

Period of Performance: 1 Oct 87 -

Technical Monitor: John Reed, ACD-230 

Summary of Proposed Research: The Phase I SBIR effort provided a 
clear and strong demonstration of the feasibility of an airborne 
forward-looking, low-level wind shear sensor based on a Doppler 
lidar. The proposed research effort will provide additional 
support for the Integrated FAA Wind Shear Program which began 
last year. It will complement rather than duplicate existing 
elements in that program. Doppler radat·s and Doppler lidars 
constitute the only practical options for airborne, forward
looking sensors. Airborne Doppler radars perform very well in 
wet microbursts but are not likely to de!tect dry microbursts. 
Airborne Doppler lidars perform very well in dry microbursts 
while performance in heavy rain is reduced, it is still adequate. 
Numerical modeling predictions indicate the proposed airborne 
Doppler lidar would have a range of 2 to 5 km for dry microbursts 
and 1 to 3 km in heavy rain. The proposed lidar would be based 
on an innovative systems concept that would minimize complexity 
and maximize cost effectiveness. 

Anticipated Results: The proposed rese~trch will result in an 
airborne lidar wind shear sensing system design to be pursued 
commercially. If successful, the Doppl«~r lidar promises to be an 
important safety aid for large commercial and military aircraft. 
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FY-87 Phase I 

Project Title: A Compact Accelerator-Based Neutron Source for 
Baggage Interrogation 

Principal Investigator: Robert W. Hamm 

Company: Accsys Technology, Inc. 
1177 A Quarry Lane 
Pleasanton, California 94566 

Contract Number: DTRS-57-87-C-00084 

Period of Performance: 1 Oct 87 - 1 Mar 88 

Technical Monitor: c. Seher, ACD-220 

summary of Completed Research: The development of a system to 
routinely inspect for explosives in airport baggage using thermal 
neutron activation requires a compact, electrically- driven 
source of neutrons capable of a constant high flux over long 
periods of operation. The purpose of this Phase I design study 
was to complete the design of a compact accelerator-based source 
for this application. 

A technical spinoff of the Strategic Defence Initiative research, 
ideal for this purpose, is the Radio Frequency Quadropole (RFQ) 
linear accelerator (linac). This compact 48 i~ch long 400 lb 
accelerator produces a neutron yield of 8 x 10 neutrons/sec by 
bombarding a beryllium target with 900 kev deuterium ions. 
Electrical power requirements are less than 15 kw using standard 
commercial service. The compact size of the RFQ linac and its 
simple operation make it a suitable replacement for the 
electrostatic neutron generator tube currently used in this 
application, but with a longer target lifetime and greater 
neutron output. 

The design of the components of this system has been completed 
and the system sensitivity to operating parameters has been 
established. The engineering calculations for the linac 
subsystem and the engineering drawings for the key linac 
components have been completed. It is anticipated that a 
prototype will be completed in Phase II. This accelerator has 
potential applications in any testing and examination technique 
which uses neutrons including nuclear waste assay, neutron 
activation mineral assay, and radiation testing. 
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FY-87 Phase I 

Proiect Title: Traffic Management Concept Evaluation 

Principal Investigator: Anna M. Okseniul~ 

Company: AKM Associates 
635 Mariner's Island Boulevard, Suite 205 
San Mateo, California 94404 

Contract Number: DTRS-57-87-C-00086 

Period of Performance: 1 Oct 87 - 31 Mar 88 

Technical Monitor: L. Mosher, AES-320 

summary of Completed Research: During the Phase I feasibility 
study, AKM Associates developed an automated Air Traffic Flow 
Manager (ATFM) algorithm which will smoc1th air traffic flow 
over the entire network while maintaining safety and reducing 
delays. The main thrust of the Phase I effort was concentrated 
on en route rerouting strategy. 

A dynamic programming heuristic paradigm was used to generate 
detours for selected aircraft. The detours generated by the 
algorithm do not cause future saturation problems if air traffic 
network conditions turn out to be what has been predicted by the 
Flow Manager. A scaled-down simulation of the air traffic flow, 
sector saturation detection, and aircraft rerouting modules has 
been implemented on a Symbolics 3650 AI workstation using Common 
Lisp. A sample airspace which consists of 265 fixes, 50 routes, 
and 403 route segments has been impleme;~ted to validate the ATFM 
system. 

In the simulation, the rerouting algorithm finds a detour 
instantly. In a real world environment, the execution time is 
expected to be a second or two. With additional work, a complete 
ATFM system will be capable of choosing and modifying flights to 
reroute, gatejground hold, changing a destination, or a 
combination of these actions. This would result in maximizing 
economics and minimizing delays while maintaining safety. 
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FY-87 Phase I 

Project Title: Remote Passenger Baggage Identification 

Principal Investigator: Andreas Kotowski 

Company: Astrophysics Research Corporation 
4031 Via Oro Avenue, P.O. Box 22709 
Long Beach, California 22709 

Contract Number: DTRS-57-87-C-00126 

Period of Performance: 1 Oct 87 - 27 Apr 88 

Technical Monitor: R. Mason, ACD-120 

Summary of Completed Research: The feasibility of developing a 
remote passenger baggage identification system that automatically 
identifies and tracks checked luggage was studied. A system 
utilizing electronically based luggage tags which would be 
interrogated via radio links was found to be technically 
feasible. The tags are estimated to cost as little as $1 each 
would last indefinitely. The tags would allow luggage passing a 
read station to be identified via a unique number assigned to 
each tag. The airlines' computer system would contain the 
database describing to which passenger each bag belonged and 
where the bag should be routed. 

The immediate application of this system would be supporting of 
the baggage match requirement of ICAO Annex 17 Standard 5.1.4 of 
passenger baggage match. Peripheral benefits of better tracking 
of luggage would result. Presently, some airlines implement 
manual passenger baggage match. These airlines feel the cost 
saved with electronic systems would not justify the tag cost. 
The tag would have to be reusable to be financially attractive. 
To be reusable all airlines would need a standard for the baggage 
tag so that any tag would operate with any reader, and every tag 
would be unique. This would require a national (FAA or ATA) 
standard, or an international standard (ICAO or ATA). Without 
governmental pressure such a standard is unlikely. 
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FY-87 Phase I 

Project Title: X-Ray False Image Projec1:ion 

Principal Investigator: Andreas Kotowski 

Company: Astrophysics Research Corporat:.on 
4031 Via Oro Avenue, P.O. Box :!2709 
Long Beach, California 22709 

Contract Number: DTRS-57-87-C-00125 

Period of Performance: 1 Oct 87 - 28 Apl:- 88 

Technical Monitor: R. Mason, ACD-120 

Summary of Completed Research: The conC4::!pt of projecting threat 
images into the image stream on security X-ray machines was 
studied and found to be feasible. A sys1:em based on this concept 
would potentially enhance the checkpoint security level. Several 
possible benefits are foreseen: 1) opera1:or training by 
presentation of realistic threat images much more often than 
actually occur, 2) assurance and measur~nent of operator 
performance on the job in real time, 3) c::apability of adjusting 
the search level to the level dictated by the current threat 
level via selection of threat images pre;ented. 

Based on the results of this study, Astrophysics has decided to 
fund the development of an adjunct syste:n compatible with its 
existing machines as well as becoming an option on future 
machines. A Phase II proposal is being submitted to develop a 
realistic, off-line operator training system based on false image 
projection. 
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FY-87 Phase I 

4 

Project Title: Post-Crash Aircraft Fuel Fed Fire Prevention 

Principal Investigator: Michael R. Beltran 

Company: Beltran, Inc. 
1133 East 35th Street 
Brooklyn, New York 11210 

Contract Number: DTRS-57-87-C-00087 

Period of Performance: 1 Oct 87 - 31 Mar 88 

Technical Monitor: G. Klueg, ACT-320 

Summary of Completed Research: Suppression and reduction of 
airplane crash fires remains a complicated process to describe 
and categorize. A crash scenario was developed which broke down 
into categories the four fuel emission processes that may occur 
during the various phases of the crash situation. The fuel 
emission processes were broken down into 1} misted fuel, 2) high 
speed emitted fuel, 3) low speed emitted fuel, and 4) internally 
flowing fuel. The potential benefits of various combinations of 
fuel modifications and ignition source suppression were 
evaluated. In the past, ignition source suppression has been 
shown to be effective. Fuel modification using antimisting 
additives (FM-9) has been shown to be an effective reducer of the 
mist fireball in both sub-scale and full-scale crash experiments. 
A major part of the work conducted in this project was to see if 
alternative fuel modification techniques are feasible and can be 
implemented. These alternative techniques would address other 
aspects of the fuel emission process in addition to the mist 
fireball. If these fuel modification processes could be tailored 
to reduce the impact of the four fuel emission processes and 
reduce their contributions to the development of the post-crash 
fire situation, significant safety margin increases could be 
realized. In Phase I, various means were evaluated to 1} prevent 
fuel spills from tanks, 2} reduce the flammability of fuel, 3) 
isolate the spilled fuel, and 4} reduce sources of ignition. A 
systems type approach was formulated to minimize the risk of 
cabin fire by controlling these four factors. This analysis was 
presented in a matrix format for ease in assessing various 
potential aircraft fire scenarios. 
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FY-87 Phase I 

Project Title: Electronic Bomb Fuze Detection 

Principal Investigator: James R. Ralston 

Company: HDS, Inc. 
12310 Pinecrest Road 
Reston, Virginia 22091 

Contract Number: DTRS-57-87-C-00092 

Period of Performance: 1 Oct 87 - 1 April 88 

Technical Monitor: R. Mason, ACT-360 

Summary of Completed Research: This project was undertaken to 
determine the feasibility of providing transportation security 
personnel with an electronic aid in searching persons, luggage, 
and freight for explosive devices. Techniques were examined for 
detecting electronic components that may be incorporated in 
timing and triggering circuits. Four potential detection 
techniques were experimentally investigated. These were 
directed at detecting 1) the emissions and scattered signal 
modulation associated with running oscillators, and 2) the 
harmonic and intermodulation products that are generated when 
nonlinear electronic circuit components are illuminated by strong 
RF signals. 

Based on the results, it is feasible to detect the presence of 
both active and inactive timerjoscillatoi' circuits that may be 
present as part of a terrorist bomb. This conclusion is based on 
a careful investigation of several possible detection techniques 
applied to a wide variety of electronic fuze components. 
Although several means of detection were demonstrated to be 
effective, a particularly promising syste~ concept was developed 
based upon a combination of two technique~s: a passive very low 
frequency (VLF) receiving system (to dete~ct activated 
oscillators), and a harmonic detection system (to respond to all 
electronic devices, active or not). 

The next phase will be assessing the prac:tical operational 
effectiveness and the impact of integrating the detection 
techniques into current security procedures. To accomplish 
this, it is necessary to develop and produce a number of 
marketable prototype units which can be E~fficiently used by 
current security personnel without imposing unrealistic training 
requirements. 
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FY-87 Phase I 

Project Title: Simulation Model of Aircraft Evacuation Process 

Principal Investigator: Barry s. Gourary 

Company: Gourary Associates, Inc. 
187 Gates Avenue, P. 0. Box 1227 
Montclair, New Jersey 07042 

Contract Number: DTRS-57-87-C-00124 

Period of Performance: 1 Oct 87 - 24 Mar 88 

Technical Monitor: o. Chandler, AAM-119 

Summary of Completed Research: This project studied the 
feasibility of using the personal computer to model the aircraft 
evacuation process. An experimental model was formulated. The 
model allows the study and visualization of passenger movement 
during evacuation. The model also permits the study of the 
effects of crowding, fire, obstructions, and other effects 
associated with the evacuation process. The model accounts for 
the collection of detailed passenger reactions to various perils 
in the cabin during evacuation, including closed doors and 
spreading flames. It is useful for comparison of aircraft 
designs, aircraft certification, and training of flight 
personnel. It will enable the collection of data on passenger 
escape strategies. The model runs on an IBM-PC or compatible 
computer. In its programmed form, it is intended to be "user 
friendly" and provide both a color CRT display and detailed hard 
copy printout. 
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FY-87 Phase I 

Project Title: Integrated Fuselage Fire Detection and Monitoring 
System 

Principal Investigator: Edward K. Budni,:::k 

Company: Hughes Associates, Inc. 
2730 University Blvd. West, Suite 902 
Wheaton, Maryland 20902 

Contract Number: DTRS-57-86-C-00093 

Period of Performance: 1 Oct 87 - 31 Mar 88 

Technical Monitor: A. Abramowitz, ACT-350 

Summary of Completed Project: This study was conducted to 
determine the feasibility of an integrated fuselage fire 
detection and monitoring system (IFFDMS) for use in inaccessible 
compartments onboard commercial aircraft.. The study involved 
several tests, a literature review, sele~ction and evaluation of 
candidate sensor technology, and develoi~ent of a signal 
processing system. 

Several line-type thermal sensors were E!Valuated from which a 
continuous thermocouple cable was selec1:ed as the candidate 
sensor. Small-scale testing and evaluation of the continuous
line thermocouple cable indicated that Beveral key performance 
requirements may be achieved. The cabl1~ was capable of 
1) providing continuous sensing and signal transmission, 
2) providing location discrimination, and 3) continual upgrading 
of information on fire or overheat intensity and speed. 

A companion effort involved development of a 
processorjverification subsystem. The ;ubsystem provided the 
basic software-hardware design for "smart" detection 
capabilities. 

Results indicated that the IFFDMS system designed in this study 
meets the initial feasibility requirements provided by the 
sponsor. 
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FY-87 Phase I 

Project Title: Remote Passenger Baggage Identification 

Principal Investigator: T. D. Geiszler 

Company: Indala Corporation 
1420 Knoll Circle, Suite B 
San Jose, California 95112 

Contract Number: DTRS-57-87-C-00095 

Period of Performance: 1 Oct 87 - 31 Mar 88 

Technical Monitor: R. Mason, ACT-360 

Summary of Completed Research: The project proposed conducting 
research on the application of electrostatic proximity readers 
and tags to the problem of remotely and accurately identifying 
passenger baggage moving on a conveyor to permit automatic 
sorting, routing and baggage-passenger matching. 

A portal was constructed which allowed mounting of various coil 
configurations and sizes for testing. Several electrostatic 
probes were mounted in the portal to receive signals from the 
tags as they were inserted into the portal at all points and in 
all orientations. Data transmitted from the tag was observed for 
strength and correctness on an oscilloscope and a liquid crystal 
display connected to the probes mounted within the portal. Tags 
were attached to objects including baggage of various sizes, 
shapes, and materials. The bags were also passed through the 
portal in various orientations as on a conveyor. Identification 
was again observed for correctness. 

It was successfully demonstrated that electrostatic coupling of 
identification data from the tag attached to the baggage could be 
reliably and accurately read by the probes placed within the 
portal as luggage passed through the portal. The tag 
identification data was read when attached to objects of various 
sizes, shapes, and materials, including metal while being passed 
through the reader portal in any orientation. 

Automatic identification of objects passing a reader can be used 
in industrial automation to route and track parts, materials, or 
finished goods. Additionally, when applied to baggage 
identification, it would allow efficient, accurate baggage
passenger matching, automated baggage sorting and routing, and 
aid in the recovery of misrouted baggage. 
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FY-87 Phase I 

Project Title: Squid NMR for Explosives Detection 

Principal Investigator: Ronald E. Sager 

Company: Quantum Design, Inc. 
11578 Sorrento Valley Road, State 30 
San Diego, California 92121 

Contract Number: DTRS-57-87-C-00009 

Period of Performance: 1 Oct 87 - 12 Auq- 88 

Technical Monitor: c. Seher, ACT-360 

Summary of Completed Research: This pro~ram was initiated to 
investigate the potential application of Superconducting Quantum 
Interference Devices Nuclear Magnetic Resonance {SQUID NMR) 
detection technology to the solution of explosives detection 
problems. The research focused on detecting sheet explosives 
concealed in airline baggage. A number of conclusions were drawn 
from the study. 

First, SQUID detection of NMR signals is difficult but feasible. 
A SQUID NMR detection system utilizing surface coils will possess 
the sensitivity required to detect sheet explosives concealed in 
the sides of suitcases and other airline baggage. Based on NMR 
measurements made on PETN {an explosive) during the project, a 
low false alarm rate (less than 1 percent) and high throughput 
rate (greater than 20 bags/minute) should be possible. By 
employing surface coils and immersing the entire bag in the 
magnetic field, the required field strer,gth can be made quite low 
{220 Gauss). This field level will not damage magnetic media 
such as computer discs or audio and vide~o tape. 

The detection system configuration while~ unusual does not pose 
any new or serious problems in terms of cryogenic engineering. 
The steady magnetic field required could be produced by 
conventional means or by the new high tE!mperature superconducting 
wire when available. The latter, by employing only liquid 
nitrogen refrigerant would greatly simpJ.ify the refrigeration 
system. 
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FY-87 Phase I 

Project Title: Workload Assessment Technologies for the 
Optimization of Data Link Controller 
Procedures 

Principal Investigator: Clark A. Shingledecker Ph.D. 

company: NTI, Incorporated 
Suite 235, 4130 Linden Avenue 
Dayton, Ohio 45432 

Contract Number: DTRS-57-87-C-00098 

Period of Performance: 1 Oct 87 - 18 Mar 88 

Technical Monitor: N. Talotta, ACT-170 

summary of Completed Research: The Mode S data link, under 
development by the FAA, is an essential upgrade to the existing 
air traffic control (ATC) system. In order to insure the 
improvements in safety and efficiency of ATC services mediated by 
this data link, it will be necessary to assess its effects on the 
workload and performance capabilities of air traffic controllers. 

Phase I developed the methodological tools required to identify 
potential workload problems associated with data link functions 
and evaluated the impact of system design and procedures on 
controller performance and workload. As a result of the research 
completed, NTI identified primary workload issues associated with 
implementing the initial package of three data link ATC services. 
In addition, they specified workload and performance metrics for 
assessing the effects of procedural and design options on 
controllers. Empirical methods were developed for testing these 
alternatives in a series of part task and full-scale, controller
in-the loop simulation studies. NTI documented the study in the 
form of a comprehensive test plan for controller evaluation of 
the data link ATC services. 

This research produced a workload and performance assessment 
methodology. When implemented and validated it can be employed 
in the design and evaluation of a broad range of future ATC 
improvements. Futhermore, standardized versions of these methods 
will apply to human factors design problems in a variety of other 
highly automated systems emerging in manufacturing, process 
control, and transportation industries. 
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FY-87 Phase I 

Project Title: Weapon Image Introduction to X-Ray Baggage Scans 

Principal Investigator: William Redmann 

Company: Muenter, Redmann & Associates 
4564 Los Angeles Avenue, Unit D 
Simi Valley, CA 93063 

Contract Number: DTRS-57-87-C-00099 

Period of Performance: 1 Oct 87 - 28 Mar 88 

Technical Monitor: L. Malotky, ACS-128 

Summary of Completed Research: This project proposed development 
of a device to superimpose stored weapon images onto x-ray scans 
of baggage in airports. such a device would favorably enhance 
security guard alertness and motivation iit airport x-ray 
checkpoints. Phase I research answered ~:.wo primary questions. 
First, achieving an acceptable image derived from the combination 
of a live baggage scan and a stored weapln image is feasible. 
Second, how is to be done in real-time 1rlhile working only with 
the video signal. 

First, it was demonstrated that an acceptable overlay of a 
weapon can be performed. Algorithms for this were derived from 
primary data. The algorithms produced results substantially 
indistinguishable from the real thing in side-by-side comparisons 
by experts. These experiments are shown to be valid for all 
popular scintillator-based, baggage x-ray systems in use in the 
United states and Europe. The methods used can accommodate the 
many viewing modes found in those systems. 

Second, a preliminary design for hardware implementation was 
prepared. This design meets the basic functional criteria by 
having the capability to execute in real time the algorithms 
demonstrated. Beyond this, the design uses a general purpose 
microcomputer which is also available tc, provide a versatile 
interface for bookkeeping activities, erhancing the utility of 
the device. 
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FY-87 Phase I 

Project Title: Computer Voice and Speech Data Entry and 
Recognition 

Principal Investigator: Dr. Philip Shinn 

Company: Speech Systems, Inc. 
18356 oxnard Street 
Tarzana, California 91356 

Contract Number: DTRS-57-87-C-00016 

Period of Performance: 8 Feb 88 - 8 Aug 88 

Technical Monitor: G. Booth, ADS-120 

Summary of Completed Research: The advent of computerized air 
traffic control systems has created a need for an effective man
machine dialogue not encumbered by excessive keyboard 
interactions. A real-time, continuous speech interface may be 
applicable. Until now, speech-recognition technologies have not 
found application in the air traffic control environment. The 
goal of this project was to demonstrate the use of a speech 
recognition system in air traffic control. This was accomplished 
by interfacing Speech Systems' speaker-independent, continuous 
speech recognition system with the Air Traffic Controller Coach 
expert system developed by UFA of Newton, MA. Syntaxes were 
developed, interface code written, dictionary entries created and 
tested, and problems debugged in order to perform the 
demonstration of the combined systems working in tandem. The 
research and development focused on three principal areas: 1) the 
construction of machine grammars, 2) building the interface 
hardware and software between the UFA Apollo and the Speech 
Systems SUN computers, and 3) fine tuning the ATC Dictionary and 
codebook for automated recognition. 

The demonstration was conducted successfully in August of 1988. 
Recognition accuracy was above the 98 percent range. A video 
tape of the demonstration was made and is available from the FAA 
SBIR Office. 
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FY-87 Phase I 

Project Title: X-Ray False Image Projec1:ion 

Principal Investigator: stanley Hack 

Company: TAU Corporation 
485 Alberto Way, Building D 
Los Gatos, California 95032 

Contract Number: DTRS-57-87-C-00102 

Period of Performance: 1 Oct 87 - 31 Mar 88 

Technical Monitor: L. Malotky, ACS-120 

Summary of Completed Research: Algorithms were developed, 
implemented, and tested to provide false image projections of 
threat weapon images acquired and displayed by airport hand 
baggage x-ray security systems. Using an image processing 
laboratory environment and video taped x-ray images of hand 
baggage and threat weapons, TAU successfully proved the 
feasibility of a system with such capabilities. The tasks 
successfully completed during the Phase I effort were 
1) constructing a test image database, ~:) segmenting hand baggage 
from the video field of view, 3) locating the interior space of 
the hand baggage that was segmented fr0111 the video field of view, 
4) placing the threat weapon image in the hand baggage image at 
various orientations to simulate variouB detection difficulty 
levels, and 5) merging the threat weapon image with the hand 
baggage image in an artifact-free manner. 

The development described will result in a low-cost, add-on 
processor to be used in conjunction with presently deployed 
airport concourse security x-ray screening systems to measure 
operator performance and to provide positive motivation by the 
detection of simulated threat weapons. 
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FY-86 Phase II 

Proiect Title: Test Methods to Determine the Degree of Asphalt 
Stripping from Aggregates 

Principal Investigator: Patrick B. Kelly 

company: Kelly/Strazer Associates, Inc. 
1630 Southwest Morrison Street 
Portland, Oregon 97205 

and 

H & V Materials Research and Development 
3187 Northwest Seneca Place 
Corvallis Oregon 97330 

Contract Number: DTRS-57-86-C-00124 

Period of Performance: 15 Oct 86 -

Technical Monitor: H. Tomita, APM-170 

Summary of Proposed Research: Moisture-induced damage to asphalt 
pavement related to stripping of asphalt cement from aggregates 
or softening of asphalt cement has produced serious distress, 
reduced performance, and increased maintenance of pavements 
throughout the United States. Under a Phase I SBIR project, an 
index of retained resilient modulus (IRM~) was successfully 
employed to 1) determine the susceptibil~ty of a mix to asphalt 
stripping and softening of the asphalt cement in the presence of 
water, and 2) evaluate the use of additives to overcome the 
tendency for moisture-induced damage of asphalt concrete. The 
IRM~ was determined with prototype diametral repeated load test 
equ~pment and test procedures. The implications of many test and 
material condition parameters on the IRMr could not be fully 
explored. Under the Phase II effort 1) the repeated load 
diametral test equipment will be made more "user friendly" by 
adding digital readout together with improved data acquisition 
techniques, 2) the test methods and conditioning procedures will 
be thoroughly investigated and standardized, and 3) the IRMr will 
be related to the field performance of pavements experiencing 
moisture-induced damage to insure that test equipment and 
procedures will be accepted by the pavement engineering 
profession. 

Anticipated Results: Consulting civil engineers, material 
testing companies, and all federal, state, and local agencies 
concerned with paving materials for airports and roads would have 
use for the test equipment and associated procedures. 
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FY-86 Phase II 

Project Title: Infrared Ice Accretion Ml~asurement System 

Principal Investigator: Abbas M. Sinnar 

Company: Sinnar Assoc. 
10076 Shaker Drive 
Columbia, Maryland 21046 

Contract Number: DTRS-57-86-C-00126 

Period of Performance: 6 Oct 86 -

Technical Monitor: s. Agrawal, ACT-310 

Summary of Proposed Research: Remote runway surface condition 
sensors that could detect ice onset and monitor its rate of 
accretion on airport operational surface~s would enhance the 
runway safety while reducing airport equipment, manpower, and 
chemical costs. The Phase I SBIR result:s show how the proposed 
system detects ice onset and monitors progress of icing and 
deicing processes. The overall technical objective of Phase II 
is to design and construct a prototype Infrared Ice Accretion 
Measurement System for test and evaluat:.on under laboratory and 
real-life icing environments. A computerized data 
acquisition/analysis system will also bE~ developed during this 
phase. 

Anticipated Results: The proposed prog:ram is expected to result 
in the development of a system capable of determining the onset, 
duration, accumulation, and dissolution of icing on airport 
runways/taxiways, aircraft, airport navigation aid structures, 
highway bridges/overpasses, etc. 
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FY-86 Phase II 

Project Title: Adhesive Materials for Sealing Conductors and 
Light Units in Airport Pavements 

Principal Investigator: Roy A. White 

Company: Springborn Laboratories, Inc. 
10 Springborn Center 
Enfield, Connecticut 06082 

Contract Number: DTRS-57-86-C-00127 

Period of Performance: 10 Oct 86 -

Technical Monitor: A. McLaughlin, APM-740 

Summary of Proposed Research: Field failures of wires imbedded 
in saw kerfs with various sealants/adhesives and also embedded 
runway light units entailed breaking loose, softened asphalt 
adjacent to the adhesive and cracks in the asphalt parallel to 
the saw kerf. Phase I research indicated some sand filling 
epoxies exceed the modulus of bituminous concrete. This would 
encourage breaking loose and cracks in the bituminous. There was 
a large coefficient of expansion mismatch between the sealants 
used and bituminous concrete which would encourage breaking 
loose. Research indicated that high loadings of tiny glass beads 
could largely overcome the expansion mismatch. It was found that 
ingredients in polyesters and some epoxies soften or even 
dissolve the asphalt. Moist surfaces cause adhesion problems. 
It was also found that polysulfides, urethane, silicones, and hot 
melts could be used as sealants--if formulated correctly. The 
concept of filling the saw kerfs with a shaped foam was partially 
developed. Phase II research is attempting to develop 
nonbituminous-attacking, low-thermal expansion epoxy, polyester, 
hot melt, polysulfide, urethane, silicone sealant systems. The 
polysulfides, urethane, and silicone materials may also be 
developed into one-part systems. Additionally, development of a 
foam-filled kerf, and new tests and changes in P-606 
specifications will be undertaken. 

Anticipated Results: The development of a number of sealant/ 
adhesives for runway work superior to those currently in use is 
anticipated. This is particularly true of one-part systems 
currently under development. Additional applications would be in 
the area of general construction--floor surfacing and patching, 
concrete crack repair, caulking-sealants, cast and bituminous 
concrete joint filling, street and highway traffic loops, etc. 
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FY-86 Phase II 

Project Title: Computer Aided Reasoning Technology 

Principal Investigator: Arthur GerstenfEdd 

Company: UFA, Inc 
710 Commonwealth Avenue 
Newton, Massachusetts 02159 

Contract Number: DTRS-57-86-C-00119 
DTRS-57-87-C-00103 {expansion of original 
contractual effort) 

Period of Performance: 10 Oct 86 -

Technical Monitor: A. Adkins, ACT-550 {~:>riginal) 
G. Booth, AES-320 (expanded effort) 

Summary of Proposed Research: Consistent with the increasing 
application of Artificial Intelligence to "expert systems'' for 
education and training, this project intends to produce an 
Intelligent Tutoring System to assist training development of air 
traffic control (ATC) personnel. This system is named ATC Coach. 
The project consists of six objectives to be completed over a two 
year period. The first objective is to build a preliminary 
prototype. This equipment will include both DEC Microvax and 
Symbolics computers programmed in C and Common LISP, 
respectively. The second objective is to rearrange the overall 
structure of the prototype and add rules to the database. The 
third objective is to add speech recognition and generation 
capability to the system. The fourth objective is to test the 
system with actual users and to revise t.he system as necessary. 
The fifth objective is to port the syste~m to hardware to be used 
in the field. {Within this objective training for FAA controller 
personnel on system use will be accomplished). The final 
objective will be to establish a means for updating the system. 
The system will be installed at Logan Airport for field trials. 

Summary of Research Completed to Date: The prototype hardware 
and software have been developed. Speec:h recognition and 
generation capability have been added. This entailed integrating 
commercial systems from DEC and Dragon Systems. DECtalk is used 
for speech output and a COMPAC PC is interfaced to the Microvax 
to afford speech recognition capabilities. The system is 
currently being tested and revised at Logan Airport. 

Anticipated Results: When completed th.is project will be able to 
demonstrate the feasibility of an intelligent tutoring system for 
training air traffic controllers. 
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FY-86 Phase I 

Project Title: Intelligent Warning and Emergency Procedures 
System Feasibility Study 

Principal Investigator: Sol Kaufman 

company: Analysis and Simulation, Inc. 
One American Drive 
Buffalo, New York 14225 

Contract Number: DTRS-57-86-C-00094 

Period of Performance: 6 Oct 86 - 6 Apr 87 

Technical Monitor: R. Guishard, ACT-530 

summary of Completed Project: Analysis of National 
Transportation Safety Board accident briefs confirmed the high 
frequency of monitoring and procedural pilot errors. It 
identified the major abnormal conditions that are potentially 
detectable through automatic sensor monitoring. The availability 
and accessibility of various sensors on general aviation aircraft 
were assessed and tabulated. Recent literature on artificial 
intelligence applications in a cockpit environment was reviewed. 
Although most papers dealt with conceptual systems in relatively 
sophisticated military or commercial airplane environments, they 
helped clarify specific techniques and basic reasoning 
architecture for a real-time system. 

The concept of an Intelligent Warning and Emergency Procedure 
System (IWEPS) emerged as a real-time single board microprocessor 
which samples and reasons from a set of sensor inputs. If an 
abnormal condition is detected, IWEPS would alert and advise via 
visual and aural messages. The IWEPS concept was augmented to 
include presentation of stored checklists and execution of 
various standard calculations on pilot request. These functions 
will contribute to reduced pilot workload and safety 
enhancements. The technical feasibility of this total IWEPS 
concept, including sensor and pilot interfaces, was assessed, and 
a realistic four-stage computerjsystem development program was 
formulated. A problem noted was incomplete sensor availability 
in many aircraft and costs associated with achieving the 
necessary interface. In order to make some of IWEPS' 
capabilities available to the broadest possible segment, a core 
version emphas~zing just checklist recall and user-friendly 
standard calculations was postulated. An illustrative rule-base 
was formulated aimed at keeping track automatically of the 
current phase of airplane flight and assisting the pilot in fuel 
system management. 
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FY-86 Phase I 

Project Title: Attenuation of Fire Radialtion Through Water 
Sprays or Fog 

Principal Investigator: Michael R. Beltran 

Company: Beltran Inc. 
1133 East 35th Street 
Brooklyn, New York 11210 

Contract Number: DTRS-57-86-C-00098 

Period of Performance: 1 Oct 86 - 31 Ma:r 87 

Technical Monitor: T. Eklund, ACT-350 

Summary of Completed Proiect: Fuel-spill, post-crash cabin fires 
account for 40 percent of the fatalities occurring in aircraft 
accidents, the main cause being radiation, smoke, and other toxic 
gases. The research program identified and formulated the 
processes involved in fire attenuation. Although radiation was 
the most dominant mode of heat transfer in the presence of a 
convective medium, the heat transfer coefficient and hence, 
convective heat transfer increased rapidly. Based on the various 
processes, a model with the necessary gc,verning equations was 
developed; a simplified version, taking into account only the 
droplet attenuation, was solved numericc:,lly. Experimental 
techniques to verify and augment the ancllytical work were 
outlined. 

The optimum droplet radius was found to be approximately equal to 
the wavelength of the radiation. For fuel fires, the optimum 
radius is about two microns. Much largE~r drops can also be used 
with the same effect, but they require more water. However, 
drops greater than 200 microns radius de> not produce significant 
attenuation. Current sprinkler systems produce very large drops 
(500-5000 microns) and, as such, are in~~ffective in attenuating 
IR radiation. 
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FY-86 Phase I 

Project Title: An MLS Based Low-Cost High-Accuracy Terminal 
Area Navigation System 

Principal Investigator: Alper K. Caglayan 

Company: Charles River Analytics, Inc. 
55 Wheeler Street 
Cambridge, Massachusetts 02138 

Contract Number: DTRS-57-86-C-00099 

Period of Performance: 1 Oct 86 - 1 April 87 

Technical Monitor: J. Remer, ACT-140 

summary of Completed Project: This study investigated the 
feasibility of developing a microwave landing system (MLS) based 
low-cost, terminal area navigation system. The system blended 
onboard sensor measurements with MLS data by using generally 
available attitude sensors. The study showed the feasibility of 
building such an MLS based, low-cost terminal area navigation 
system which provides not only highly accurate aircraft inertial 
position and velocity estimates but also wind estimates. The 
developed MLS navigation filter blended flight control quality 
accelerometer measurements with MLS data by using attitude 
information from vertical gyro/directional gyro based attitude 
indicators. 

Two navigation filter structures were examined in the study. The 
first was a complementary filter using MLS pseudomeasurements 
computed by an MLS reconstruction algorithm. The second one was 
an extended Kalman filter that processed the MLS sensor 
measurements directly. Results obtained on the six-degree-of
freedom nonlinear simulation of a commercial transport in an MLS 
environment showed that both navigation filters exhibit excellent 
estimation performance. The study also derived and validated a 
reconstruction error prediction algorithm for the MLS 
reconstruction algorithm employed in the complementary navigation 
filter. 
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FY-86 Phase I 

Project Title: Methodology for Correlation of ATC Controller 
Workload and Errors 

Principal Investigator: Elizabeth D. Murphy 

Company: Computer Technology Associates, Inc. 
5670 Greenwood Plaza Blvd., Suite 200 
Englewood, Colorado 80111 

Contract Number: DTRS-557-86-C-00101 

Period of Performance: 1 Oct 86 - 31 Mar 87 

Technical Monitor: E. Pickrel, AAM-500 

Summary of completed Project: The reseclrch studied the 
feasibility of quantifying the effects c1f increased automation on 
the workload and performance of air traffic controllers. The 
research focused on adapting a human performance model to 
represent the controller's job in the ~~S/AERA 2 environment. As 
a result, the research developed a controller performance model 
(CPM). The adapted model included 1) a functional hierarchy 
representing levels of human interaction with automated 
capabilities, 2) an attribute hierarchy representing dependencies 
between functional levels, and 3) a set of computational 
procedures for aggregating attribute values from lower to higher 
levels of the model's "tree" structure. Controller error is 
incorporated within the model as a func·:ion of the relationships 
between demands on the controller's attention resources, 
available skills, and motivational aspe,;ts of the controller's 
job. A unique feature of the CPM is th.~t it supports prediction 
of performance at any point after task element demands have been 
quantified. 
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FY-86 Phase I 

Project Title: Vapor Desorption Enhancement System 

Principal Investigator: Charles E. Brossia 

Company: First Omega Group, Inc. 
10205 West Exposition Ave. 
Lakewood, Colorado 80226 

Contract Number: DTRS-57-86-C-00104 

Period of Performance: 1 Oct 86 - 1 Apr 87 

Technical Monitor: W. Wall, ACT-360 

Summqry of Completed Project: The desorption of both model 
explosive and actual explosive vapors may be enhanced as the 
result of applied electromagnetic radiation. It was proven that 
the infrared portion of the electromagnetic spectrum was the most 
efficacious of the various wavelength bands tested. 
Experimentation also proved the existence of certain fundamental 
bands within the IR spectrum which were more successful at 
enhancing desorption than the rest of the spectrum combined. The 
infrared spectrum's ability to cause desorption and the ability 
to narrow the spectrum to a few specific wavelength bands was 
thought to arise from the chemical composition of the fabric 
samples rather than from the composition of the commonly worn 
fabrics. It appeared as though only a few wavelength bands would 
be needed to enhance the desorption of all types of explosive 
vapors. A theoretical model was presented which explained the 
infrared spectrum efficacy. 

From the results of this experimentation it appeared that a new 
type of apparatus could be constructed which would greatly 
increase the desorption of explosive vapors. Enhancements of 
1000 percent over the desorption experienced under natural 
conditions were expected with further optimization of the 
experimental parameters. 
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FY-86 Phase I 

Project Title: Development of a Fog Gen4!rator for Attenuation of 
Fire Radiation 

Principal Investigator: G. Stuart Knoke 

Company: Flow Research Company 
214414 68th Avenue South 
Kent, Washington 98032 

Contract Number: DTRS-57-86-C-00105 

Period of Performance: 1 Oct 86 - 31 Mar 87 

Technical Monitor: T. Eklund, ACT-350 

Summary of Completed Project: This project investigated and 
evaluated the feasibility of developing a water generator to 
control mass transportation passenger vehicle fires by 
attenuating heat transfer. The purpose of attenuating the 
infrared fire radiation from the flame was to eliminate ignition 
of cold surfaces near the fire, thereby stopping the spread of 
the fire. The research was carried out in four tasks. The first 
was a numerical analysis of radiation absorption using computer 
codes. The effective blockage of the fire radiation by the water 
fog was calculated as a function of relevant fire and fog 
parameters, such as the particle diameter, the radiation 
wavelength, and the particle's complex index of refraction. For 
the second task, an experiment was designed to demonstrate the 
absorption of the fog utilizing a radiation source, a radiation 
detector, and a fog nozzle. During the third task, a test 
apparatus was constructed and a variety of radiation attenuation 
tests were performed. The last task determined the operating 
parameters for a fog generator system ba.sed on test results 
obtained in task three. 

The findings of the numerical analysis ~•howed that to accomplish 
a 90 percent blockage, a fog layer with a mass loading of about 
20 gjm2 interposed between the fire and the receiver is required 
if the water droplet diameters are in the range of two to three 
micrometers. The results of the laborat:ory experiments indicated 
that radiation attenuations were consist:ent with the numerical 
analysis. Extinction coefficients of 4Il-1 and more were easily 
obtained with the Saracco nozzles. With an extinction 
coefficient of 4 m-1, the fire radiation intensity is attenuated 
by a factor of 55 in each meter of fog. Based on the development 
of a Saracco nozzle for cabin application, about 200 such nozzles 
would be required to operate for one minute to completely fill a 
large passenger cabin with a dense fog, using about three gallons 
of water. 
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FY-86 Phase I 

Project Title: Laboratory Investigation of Atmospheric Effects 
on Vortex Wakes 

Principal Investigator: H. T. Liu 

Company: Flow Research Company 
214414 68th Avenue South 
Kent, Washington 98032 

Contract Number: DTRS-57-86-C-00106 

Period of Performance: 1 Oct 86 - 31 Mar 87 

Technical Monitor: P. Massoglia, AES-310 

Summary of Completed Project: Tow tank experiments were 
successfully conducted to demonstrate the feasibility of 
investigating atmospheric effects on the evolution of a trailing 
vortex wake. The vortex wake was generated by a towed NACA 0012 
wing or a specially designed 2-D vortex generator. Atmospheric 
disturbances simulated in the tank included stable 
stratification, ambient turbulence, and wind shear. 
Visualizations of the vortex wakes from several perspectives were 
conducted using fluorescent dye illuminated by bands of ultra
violet lights and a sheet of laser light. Qualitative and 
quantitative information established the upper bound of the 
lifespan of a trailing vortex wake due to essentially self
induced sinusoidal instability. Ambient turbulence reduces the 
lifespan. Vortex linking is the dominant mode of vortex 
instability in weak turbulence. As the turbulence intensity 
increases, vortex bursting begins to appear and eventually 
replaces linking as the dominant mode of instability. In a weak 
stable environment, detrainment of fluid from the vortex oval 
into the ambient was clearly observed for the 2-D vortex, 
although the trailing vortex wake was not as dramatic. The 
detrainment reduces the vortex separation and speeds up the 
vortex descent. Relatively weak shear effects can be observed 
when the ambient turbulence is suppressed by a weak 
stratification. 

Wind shear affects the vortex in two ways. In a longitudinal 
shear, the inclined trailing vortex pair is stretched, resulting 
in contraction, speed of descent, and possibly annihilation prior 
to the onset of linking or bursting. In a cross shear, the 
vortex wake is forced to rotate about its axis. In the extreme 
situation, the wake rotates 180 degrees and reverses its course 
from descending to ascending. Finally, the swirl components of 
vortex wakes derived from time-lapse photographs of the 
microcapsule show great promise in mapping out the entire vortex 
flow field. 
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FY-86 Phase I 

Project Title: Advanced Techniques for Detection of Plastic 
Weapons 

Principal Investigator: William Jacobs 

Company: J V W Electronics, Inc. 
1945 Techny Road 
Northbrook, Illinois 60062 

Contract Number: DTRS-57-86-C-00121 

Period of Performance: 6 Oct 86 - 8 Apr 87 

Technical Monitor: D. Riley, ACT-360 

Summary of Completed Project: The purpose of this research was 
to determine if Nuclear Magnetic Resonance (NMR) technology could 
be used to detect concealed plastic weapons in carry on luggage 
at airports. NMR and infrared spectromE~try analysis were run on 
a series of eight materials including the Glock 17 pistol, an 
Olin flare pistol, a plastic knife, two typical plastics found in 
hand-carried luggage (for comparison purposes), gasoline, 
alcohol, and tear gas. 

The tests showed that NMR and IR signatures of the two pistols, 
the knife, and the three liquids genera·::.ed spectra that are very 
similar to many common materials carried in hand luggage. For 
example, the plastic knife has a spectr.:tl content similar to the 
nylon found in combs and hairbrushes; t~e olin flare pistol has a 
spectrum similar to the plastic materials used to fabricate 
luggage, and the liquids have signatures similar to 
liquorjcologne and very dissimilar to high explosives. 
Significant improvements to the existing NMR system for detecting 
plastic explosives are possible, and new types of NMR using 
"SQUID" detectors are possible. Questions remain on how "SQUID" 
detectors would react in the presence of metal in the detection 
space. 
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FY-86 Phase I 

Project Title: Sensors for the Detection of Non-Metallic 
Weapons Concealed upon Personnel 

Principal Investigator: Lawrence E. Larsen 

Company: Medical Microwave Research Corp. 
808 Pershing Drive, suite 104 
Silver Spring, Maryland 20910 

Contract Number: DTRS-57-86-C-00107 

Period of Performance: 6 Oct 86 - 4 Apr 87 

Technical Monitor: D. Riley, ACT-360 

summary of Completed Project: The project had as a goal the 
detection of non-metallic materials that may be weapons or weapon 
components, such as plastic guns or plastic explosives, when they 
are concealed under clothing worn by people. The proposed method 
was based on detection of emissivity contrast between nearby skin 
and concealed plastic. Passive millimeter wave sensors were 
designed for minimal susceptibility to electromagnetic 
interference. The sensor was tested with various materials 
against simulated skin with and without fabric covers in an 
electromagnetic scanner. Linear scan rates were 14 rnrnjsec. The 
results showed detection of plastic, such as nylon and glass 
reinforced plastic composite, with a signal-to-noise ratio of 
better than 10 dB. Furthermore, material differences were shown 
among members of the plastics class, as well as between plastics 
as a class and metal. Leather wallets and belts were not 
detected. Eight fabric covers were tested that ranged from thin 
tricot to three-layered quilting and heavy wool. None of the 
materials had a substantial effect on the performance of the 
sensor. 
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FY-86 Phase I 

Project Title: Effects of Stratification and Wind Shear on the 
Evolution of Aircraft Wake Vortices Near the 
Ground 

~incipal Investigator: Donald P. Delisi 

Company: Northwest Research Associates, Inc. 
300 120th Avenue NE, P. 0. Box 3027 
Building 7, suite 220 
Bellevue, Washington 98009 

Contract Number: DTRS-57-86-C-00108 

Period of Performance: 6 Oct 86 - 6 Apr 87 

Technical Monitor: P. Massoglia, AES-310 

summary of Completed Project: This effort studied how 
stratification and shear effect the evolution of aircraft 
trailing-tip vortices as they approach the ground and how they 
evolve when they are generated near the ground. The study 
incorporated laboratory experiments and concurrent numerical 
modeling. It matched model Froude numbe:rs and shear parameters 
with their full-scale values. 

Results indicated that stratification ar~ shear can have 
significant effects on the evolution of the vortex system. In 
nonstratified, nonshear flow, vortex evolution was symmetric; 
each vortex decayed at the same rate. J~dding stratification 
maintained the symmetry but inhibited the vertical migration. In 
ground effect, stratification also inhibited horizontal migration 
and cancelled the rebound effect (obse~red in the nonstratified, 
nonshear case). In a nonstratified flm.r with shear, vortex 
evolution was asymmetric. In ground ef::ect, the shear also acted 
to severely reduce the rebound effect. With stratification and 
shear (Richardson number equal to one) and in ground effect, the 
flow was asymmetric and two effects wert~ observed. When the 
vortex pair was weak, relative to the shear (strong crosswind 
condition), the weaker downwind vortex 1!Vas closer to the ground 
than the stronger upwind vortex. (If th'a vortex pair was far from 
the ground, a solitary vortex developed). If the vortex was 
stronger relative to the shear (weak cr~sswind conditions), the 
weaker downwind vortex would be further from the ground than the 
stronger upwind vortex. In either case, the vortices may migrate 
far from their initial generation position. 
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FY-86 Phase I 

Project Title: Airborne Wind Shear Sensor Research 

Principal Investigator: Todd A. Cerni 

Company: OPHIR Corp. 
7333 West Jefferson Ave., #210 
Lakewood, Colorado 80235 

contract Number: DTRS-57-86-C-00109 

Period of Performance: 10 Oct 86 - 10 Apr 87 

Technical Monitor: J. Reed, ACT-340 

summary of Completed Project: This project demonstrated the 
feasibility of an airborne forward-looking low-level wind shear 
sensor based on a Doppler lidar. Microbursts are the primary 
cause of the low-level wind shear aviation hazard. Microbursts 
are small in size (1 to 3 km in diameter) and very short lived (1 
to 3 min duration), making them very difficult to detect with 
conventional sensors. They can cause headwind/tailwind couplets 
to form along the flight path which can be very hazardous to 
commercial aircraft both on approach to landing as well as during 
and shortly after takeoff. Dry microbursts occur when the 
precipitation falling from cloud base evaporates before reaching 
the ground, and wet microbursts are those which bring rain to the 
ground. Of all proposed low level wind shear sensor systems, 
only the Terminal Doppler Weather Radar (TDWR) ground-based 
Doppler radar and the airborne forward-looking sensors could 
reliably provide the aircraft flight crew with advanced warning 
of a low level wind shear hazard. The disadvantages of the TDWR 
are cost and their questionable performance in dry microbursts. 
Only airborne forward-looking sensors have the promise of 
supplying the flight crew with real-time, continuous wind 
measurements in the aircraft flight path. 

Doppler radars and Doppler lidars constitute the only practical 
options for airborne forward-looking wind measurement sensors. 
Airborne Doppler radars perform well in wet microbursts, but they 
are not able to consistently detect dry microbursts. Airborne 
Doppler lidars perform very well in dry microbursts. While their 
performance in heavy rain is reduced, it is still adequate. 
Numerical modeling predications indicate the proposed airborne 
Doppler lidar would have a range of 2 to 5 km for dry microbursts 
and 1 to 3 km in heavy rain. The proposed airborne Doppler lidar 
would be of modest size, weight, and power consumption. 
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FY-86 Phase I 

Project Title: Non-Destructive Evaluati1'n Technique Using Laser 
Shearography 

Principal Investigator: Joanna Jannson 

Company: Physical Optics Corp. 
2545 West 237th Street, Suite A 
Torrance, California 90505 

Contract Number: DTRS-57-86-C-00110 

Period of Performance: 1 Oct 86 - 30 Mar 87 

Technical Monitor: L. Neri, ACT-330 

Summary of Completed Project: The objective of the program was 
to investigate and demonstrate the application of a new optical 
nondestructive testing (NOT) technique based on the concept of 
shearography. Shearography, although bE!aring similarities to 
holographic interferometry, has essential inherent differences 
which make it a superior method of non-destructive testing in a 
practical, industrial environment. In addition to the advantages 
offered by optical testing methods in general, shearography does 
not require the system complexity and s1:ringent stability 
necessitated by holographic interferome1:ry. In addition, 
shearography produces a direct method o:E observing gradients 
rather than displacements and therefore enables observations and 
measurements on certain features; e.g., cracks, which are not 
inherently obvious in holographic nondestructive testing. 

During Phase I research the feasibility of shearography as a 
practical tool for surface testing of d,efects was demonstrated. 
In addition, several new practical desi9ns were developed 
including electronic and electro-optical media for recording 
defect patterns. The theoretical analysis and modeling of the 
technique were extended beyond the current state of 
understanding. 
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FY-86 Phase I 

Project Title: Radiant Panel Test for Aircraft Composite 
Structures 

Principal Investigator: Sami Atallah 

Company: Risk & Industrial Safety Consultants 
7151 West Gunnison, Suite 103 
Chicago, Illinois 60656 

contract Number: DTRS-57-86-C-00111 

Period of Performance: 1 Oct 86 - 31 Mar 87 

Technical Monitor: c. Sarkos, ACT-350 

summary of Completed Project: This study examined the 
feasibility of developing a test apparatus and procedures that 
could be used to determine the manner of, and time to failure of, 
composite aircraft walls and construction materials. A gas fired 
radiant panel, approximately 4 by 4 ft was designed and 
constructed. The panel was capable of emitting up to 40,000 
BTU/ft2 per hour at the surface. Different radiation levels 
could be achieved by varying the distance between the panel and 
the test object. Test sections measuring 1.5 by 1.0 ft were 
prepared from flat stock supplied by the FAA. Three composites 
were tested: Phenolic/Graphite, Phenolic/Glass, and Phenolic/ 
Kevlar. The bottom edge of each test section was applied to the 
top edge. Deformation of the upper edge was measured using a 
proximeter. Temperatures were recorded at four locations in each 
test section and at the radiant panel. 

Comparison of the times-to-failure at similar exposure levels 
showed that Phenolic/Graphite was better than Phenolic/Glass and 
PhenolicjKevlar, in that order. The latter was totally and 
irreversibly deformed at relatively low levels of radiation. The 
presence and location of restraints (e.g., bolts), and the 
magnitude of the applied load had a marked effect on the results. 
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FY-86 Phase I 

Project Title: An Expert System to Aid Filots of General 
Aviation Aircraft 

Principal Investigator: Arthur Gerstenfeld 

Company: UFA, Inc. 
335 Boylston Street 
Newton, Massachusetts 02159 

Contract Number: DTRS-57-86-C-00119 

Period of Performance: 1 Oct 86 - 1 Mar 87 

Technical Monitor: G. Hetrich, ACT-530 

Summary of Completed Project: The purpoBe of this study was to 
show the feasibility of having a general aviation device to aid 
pilot decision-making. The project developed a small, 
inexpensive system, a self-contained haruiheld pilot alert and 
recover device (SHEPHARD). This computerized system, written in 
a highly efficient computer language {C) informed the pilot where 
alternate airports were in case of an emergency landing. The 
system also aided the pilot in the event of hisjher becoming 
lost, engine failure, or fire. Finally, the project demonstrated 
the feasibility of voice output for warnings or advice to be 
delivered to the pilot. 
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FY-85 Phase II 

Project Title: Laser Generated Surface Acoustic Waves for Flaw 
Detection in Transportation Systems 

Principal Investigator: Russell J. Churchill 

Company: American Research Corporation of Virginia 
P. 0. Box 3406 
Radford, Virginia 24143-3406 

Contract Number: DTRS-57-85-C-00132 

Period of Performance: 1 Oct 85 - 31 Mar 88 

Technical Monitor: L. Neri, ACT-330 

Summary of Completed,Project: Transportation systems studies 
require in-service inspection using nondestructive evaluation 
(NDE) techniques for flaw detection and characterization. The 
structures to be tested are often inaccessible to conventional 
inspection techniques and situated in hostile environments. 
Despite efforts made during design and manufacturing to inspect 
for and reduce the number of defects and welds in structural 
components, NDE techniques are required for in-service monitoring 
of structural integrity in order to forestall component failure. 
The purpose of the Phase II program has been to investigate laser 
generation of ultrasound combined with laser interferometric 
detection for noncontact NDE of transportation components. The 
technical objectives included 1) extension of laser/solid 
interaction theory, 2) evaluation of heterodyne systems for 
detection of surface displacements, 3) determination of 
parameters for fiber optic heterodyne detection of laser-induced 
ultrasound, 4) development of signal processing techniques, 5) 
design of prototype systems, and 6) acquisition of families of 
test data and design and optimization of a proof-of-concept 
system for commercial applications. The principal findings of 
the Phase II program include the ability to detect simulated 
flaws using laser-generated ultrasound combined with 
interferometric detection. Laser ultrasonic signatures of 
defects allowed detection of flaws as small as 0.5mm. Additional 
results included the demonstration of optical fiber waveguides, 
use of fiber optic homodyne interferometry to detect surface 
acoustic waves, and development of signal processing techniques 
and data acquisition systems for digitizing and storing data. 

62 



FY-85 Phase II 

Project Title: Unified Wake Analysis 

Principal Investigator: Alan J. Bilanin 

Company: Continuum Dynamics, Inc. 
P. 0. Box 3073 
Princeton, New Jersey 08543 

Contract Number: DTRS-57-85-C-00134 

Period of Performance: 1 Oct 85 - 31 Ma1:- 88 

Technical Monitor: John O'Neill , ACT-330 

Summary of Completed Research: This res,aarch effort was 
conducted under a cost-sharing arrangement between the Federal 
Aviation Administration and the Research and Special Projects 
Administration. Landing and takeoff delays at national 
metropolitan airports are now commonplace, especially during 
morning and early evening rush hours. These delays result 
primarily as a consequence of separation standards which have 
been established because of wake vortex concerns. The Phase I 
study concluded that it is currently possible and practical to 
develop a computer design tool capable of assessing wake 
intensity for existing and future jetliners. 

Under Phase II a unified vortex wake predictive model, CDI
UNIWAKE was developed. It uses state-of-the-art numerical 
techniques to evaluate the vortex wake jntensity behind current 
and future jetliners. This code runs on the Digital VAX series 
of computers under the VMS operating sy~:tem. This technology 
incorporates the wake mitigating effect~• of propulsion wash, 
profile drag and atmospheric turbulence diffusion. The software 
does not introduce any new physics into understanding the 
dynamics of the evolution and decay of aircraft vortex wakes. It 
assembles known technologies to provide a software product which 
is reliable, accurate, and cost effective. This computer code 
should permit the direct comparison of 1:he wake intensity between 
jetliners operating under simulated id~1tical conditions This is 
a situation never achieved in the field and therefore, the source 
of much uncertainty in the interpretation of field data. 
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FY-85 Phase II 

Project Title: Further Development of the Slaved Tandem Freewing 
Airplane Configuration 

Principal Investigator: Edward H. Allen 

Company: Daedalus Research, Inc. 
Route 4, Airport Park 
Box 327A1 
Petersburg, Virginia 23803 

Contract Number: DTRS-57-85-C-0133 

Period of Performance: 1 Oct 85 -

Technical Monitor: J. Traybar, ACT-330 

Su~mary of Proposed Research: The purpose of this research was 
to design, build, and test a novel airplane configuration of a 
very low wing-loading which utilizes the freewing concept and is 
highly resistant to gust-induced structural failure and loss of 
control. The project remains incomplete; the final report has 
not been received. 

Anticipated Results: The STF configuration has the potential of 
improving safety in light and very light airplanes by several 
orders of magnitude at no/minimal increase in cost. 
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FY-85 Phase II 

Proiect Title: A Low-cost Optical WeathE!r Identifier for an 
Automated Weather Observing System 

Principal Investigator: Ting-i Wang 

Company: Dynamics Technology , Inc. 
21311 Hawthorne Blvd., Suite 30 
Torrance, California 90503 

Contract Number: DTRS-57-C-00131 

Period of Performance: 1 Oct 85 - 30 Sept 87 

Technical Monitor: S. Imbembo, APM-650 

summary of Completed Project: This study completed a theoretical 
analysis, a system design, and laborator~ and field tests to 
investigate the feasibility of the desi~n and fabrication of a 
low-cost, compact optical weather identifier. The major 
advantage of the instrument is its ability to perform several 
present weather monitoring functions, including precipitation 
state and type identification. Rainfall rate, snow intensity, 
and visibility measurements are also performed with this device. 
Integrating these functions into one instrument leads to 
significant savings, not only in equipment cost, but also in 
operating costs. A detailed integrated system design has been 
completed. Dynamics Technology has constructed several field 
prototype units and installed them at the National Weather 
Service site in Sterling, Virginia and at Otis Air National Guard 
Base, Massachusetts. These field tests enabled statistical data 
to be accumulated for algorithm developrrent and performance 
evaluation. The test results indicated that the optical weather 
identifier is a reliable and sensitive f:.ensor for precipitation 
identification and visibility measurements. 
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FY-85 Phase II 

Project Title: Icing Monitoring Equipment 

Principal Investigator: Otakar Jonas 

Company: Jonas, Inc. 
1113 Faun Road 
Wilmington, Delaware 19803 

Contract Number: DTRS-57-85-C-00135 

Period of Performance: 1 Oct 85 - 30 Sept 87 

Technical Monitor: E. Schlatter, ACT-340 

summary of Completed Project: The objective was to finish 
development and field test an automatic, remote-sensing icing 
detection device for road and airport surfaces, aircraft wings, 
and engines. Project goals included surveys of current practices 
and needs, prototype design, laboratory field testing, selection 
of manufacturing methods, and a formulation product 
specifications. The objective and goals were met and a product 
has been developed which is ready for commercialization. 

Results of numerous laboratory and field tests confirm that the 
icing detector can detect air, water, and ice during actual and 
simulated weather conditions. It is insensitive to chemical, 
dirt, and oil contamination; the detecting probes do not disturb 
ambient flow and temperature conditions. This icing monitor 
meets all the specifications currently envisioned by the u.s. 
Government. 

The Jonas icing monitor is among the fastest and most sensitive 
in its response to ice accretion. It employs the conductivity 
measurement principle. It can detect as little as .02 mm average 
ice thickness on the detecting probe. The response time in the 
laboratory water freezing tests was less than one second and in 
the icing wind tunnel test about three seconds. Potential 
applications include runways, taxiways, wings, engine inlets, and 
other exposed aircraft structures. 
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FY-85 Phase II 

Proiect Title: Onboard Wake Vortex Avoidance System 

Principal Investigator: Alan J. Bilanin 

Company: Continuum Dynamics, Inc. 
P. o. Box 3073 
Princeton, New Jersey 08540 

Contract Number: DTRS-57-85--C-00019 

Period of Performance: 30 Oct 84 - 30 Apr 85 

Technical Monitor: P. Massoglia, AES-310 

Summary of Completed Project: Existing analytical models of 
aircraft vortex wake dynamics were assen~led to predict the 
evolution and decay of two commercial je~tliner wakes. The 
calculations undertaken demonstrated thclt aircraft configuration 
characteristics, such as engine placemer~ and wing-load 
distribution, can significantly influenc:e the early stages of 
wake decay. This study concluded that it is possible and 
practical to develop a computer design 1:ool capable of assessing 
wake intensity for existing and future jetliners. 
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FY-85 Phase I 

Project Title: Speech Recognition in Air Traffic Control 

Principal Investigator: Sandra E. Hutchins 

Company: Emerson & Stern Associates 
10150 Sorrento Valley Road, #210 
San Diego, California 92121 

Contract Number: DTRS-57-85-C-00122 

Period of Performance: 1 Oct 85 - 31 Mar 86 

summary of Completed Project: This research was aimed at 
combining several state-of-the-art speech recognition techniques 
to produce reliable, real-time speech recognition in the air 
traffic control (ATC) environment. To assess the value of 
"capturing" data contained in already required speech, project 
objectives included the linguistic analysis of air traffic 
control speech and a human factors review of the consequences of 
reducing the time now spent re-entering spoken data through a 
keyboard. 

The research methodology involved the creating an ATC "grammar" 
based on 20 hours of audiotapes from a wide variety of ATC 
speakers and situations. From that database, 100 representative 
samples were extracted for detailed computer analysis. Speech 
editing tools were written to provide pitch and gain display, 
phonemic marking, and speech playback of these samples, all of 
which were digitized using a commercial system. These samples 
were then subjected to various algorithms that reduced noise, 
tracked pitch, analyzed the speech spectra, and mapped the 
results into syllabic tables. Audiotape-based work was 
supplemented through site observations. 

Although the analyses were not run in real-time, it is apparent 
from the research that it is possible to do so. Furthermore, the 
proposed syllable grammar is nearly speaker independent, 
suggesting that this approach will be able to overcome the 
environmental challenges of air traffic control (multiple voices, 
noise) and its psychological or physical stresses (peak traffic 
periods, colds), while meeting the needs of error-resistant 
operation. 
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FY-85 Phase I 

Project Title: Solid State Optical Autontatic Icing Detection 
Instrument 

Principal Investigator: Samuel c. Wu 

Company: First Omega Group, Inc. 
10205 W. Exposition Ave. 
Lakewood, Colorado 80226 

Contract Number: DTRS-57-85-C-00126 

Period of Performance: 1 Oct 85 - 1 Apr 86 

Summary of Completed Project: This rese.~rch investigated the use 
of an optical fiber sensor in conjunction with specially designed 
photometric circuitry to detect the presence of ice, independent 
of temperature conditions at the sensor site. The system was 
demonstrated to be able to distinguish air, water (including 
super cooled water), and ice under various conditions without the 
need for collaborating temperature-sensing devices. The 
apparatus was capable of detecting the onset, duration, and 
dissolution of icing. As anticipated, this ice-sensing apparatus 
did not show sensitivity to the thickness of water or ice in 
contact with the sensor. Thus, this system alone does not 
measure ice accumulation or accretion rate. In conjunction with 
one of the several proven low-cost and high-reliability thickness 
detection schemes, reliable ice accreticn measurements can be 
obtained. 

69 



FY-85 Phase I 

Project Title: Integrated Flight Navigation/Guidance Technology 

Principal Investigator: Frank c. Genovese 

Company: Genovese Associates 
17 Selborne Chase 
Fairport, New York 14450 

Contract Number: DTRS-57-85-C-00125 

Period of Performance: 15 Oct 85 - 15 Apr 86 

Summary of Completed Project: This project demonstrated the 
feasibility of integrating microwave landing system (MLS) 
capability into a semi-automatic microprocessor-based system 
providing instrument landing systems (ILS) and en route 
navigation for light aircraft. The purpose of the system was to 
increase navigation precision and simplicity, improve functional 
capability and safety margins, and reduce pilot workload and 
blunder potential, especially in single-pilot instrument flight 
rule operations. 

The research considered methods of determining aircraft angle 
from the MLS signal. A systems approach was established that 
minimized receiver hardware by sharing subsystem functions common 
to the microwave, VHF, and UHF signals. A central processing and 
display system was responsible for integrating MLS data with VOR 
and ILS input. The pilot was shown an integrated pictorial 
display that was easy to interpret and required minimum pilot 
interaction, reducing the chance for input error. Critical 
information was duplicated on an auxiliary display which acted as 
a backup for system control and information readout. 

Circuitry for conversion of the MLS microwave band to an 
intermediate frequency range and channel selection was described. 
Formats for time-sharing the MLS, UHF, and VHF functions and 
factors affecting information loss were discussed. A method of 
decoding digital data words, dynamically controlling system gain, 
and storing swept-beam information without significant loss in 
angular precision was given. Probable error associated with MLS 
angle data reduction was considered, and the proposed DME/P 
subsystem and its error factors were discussed. 
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FY-85 Phase I 

Project Title: Test Methods to DeterminE~ the Degree of Asphalt 
Stripping from Aggregates 

Principal Investigator: Patrick B.Kelly 

Company: Kelly/Strazer Associates, Inc. 
1630 Southwest Morrison Street 
Portland, Oregon 97205 

and 
H & V Materials Research and Development 
3187 Northwest Seneca Place 
Corvallis, Oregon 97330 

Contract Number: DTRS-57-85-C-00170 

Period of Performance: 1 Oct 85 - 31 Mar 86 

Technical Monitor: H. Tomita, APM-170 

Summary of Completed Project: The purpcse of this project was to 
1) develop an improved test method to quantitatively determine 
the susceptibility of an asphalt concret.e mixture to stripping, 
and 2) employ the method developed, evaluate procedures, 
particularly the use of anti-stripping c1dditives, to overcome the 
tendency of asphalt concrete to strip over the short- and long
term. 

The scope of work included an extensive literature review and 
evaluation of existing test methods, thE~ development and 
execution of a laboratory test program, and the development of 
laboratory test equipment for further rE~finement. Findings 
resulting from the project included 1) non-destructive diametral 
repeated load tests in which the resiliE:mt modulus of the 
material measured have a very high potential for identifying 
mixes that are susceptible to stripping as well as determining 
the effectiveness of anti-stripping additives, 2) the results of 
the preliminary laboratory program in w!:tich resilient modulus was 
employed as an indicator of moisture susceptibility (stripping) 
of asphalt concrete mixtures clearly injicated that air voids and 
additive type have a profound effect on mix behavior, 3) the 
results from the preliminary laboratory program indicated that 
the repeated load diametral test equipment employed in the 
research program had a very high potential for identifying mixes 
that strip and determining the effectiveness of anti-stripping 
agents, and 4) the prototype equipment developed was extremely 
functional but could be made more "user friendly" by adding 
digital readout together with improved data acquisition 
techniques. 
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FY-85 Phase I 

Project Title: An Ice Accumulation Sensor for Implantation in 
Airport Runways 

Principal Investigator: Loren D. Nelson 

Company: OPHIR Corporation 
7333 West Jefferson Avenue, Suite 210 
Lakewood, Colorado 80235 

Contract Number: DTRS-57-85-C-00129 

Period of Performance: 1 Oct 85 - 31 Mar 86 

Summary of Completed Project: This project studied the 
feasibility of a runway-implantable sensors used for measuring 
ice accumulation on airport runways and navigation aid 
structures. 

During this research effort prototype hardware was fabricated and 
demonstrated in the laboratory. The research showed that it is 
feasible to detect ice in a mixed sample of ice, air, and water. 
It was determined that the sensor technology can compensate for 
the interfering effects of dielectric polarization, DC 
conductivity, liquid-water and dirt accumulations, and 
insulation-caused artificial Debye-dispersions. 

Laboratory tests and theory indicated it is possible to extend 
preliminary results to simultaneous real-time ice and water 
accumulation sensing at the surface of runways with a flat plate 
sensor embedded in the runway and exposed to the environment. 
With some minor refinements to the preliminary design the 
prototype system can be converted into field testable unit. 
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FY-85 Phase I 

Project Title: Polymer Concrete Development and Characterization 

Principal Investigator: Krish Pandalai 

Company: Pandalai Coatings Company 
837 Sixth Avenue, Box 100 
Brackenridge, Pennsylvania 15014 

Contract Number: DTRS-57-85-C-00171 

Period of Performance: 1 Oct 85 - 31 Mal:- 86 

Summary of Completed Project: Polymer concrete formulations were 
made with epoxy and other resins using dlfferent ratios of 
polymer, aggregate, and sand. Thermal e:<:pansion coefficient 
measurements of these samples showed tha·t the addition of polymer 
to aggregate and sand increased the valUi~ of the thermal 
expansion coefficient beyond that of por·tland cement concrete. 
This result was expected since the expan:;ion coefficient value 
for polymer alone was several times high,~r than portland cement 
concrete. However the addition of certain materials like silica 
and other fibrous ingredients lowered th~e value of the expansion 
coefficient close to that of portland ce:ment concrete. There 
were no data published in the literature on thermal expansion 
coefficients of modified concrete. 

Negative thermal expansion value was been reported in the 
literature for graphite epoxy material. The shrinkage was 
attributed to the stiffness of the graphite fiber. Incorporation 
of fibrous material did not produce a polymer concrete with 
negative thermal expansion value in the present study, but it 
reduced the value and brought it close to that of portland cement 
concrete. 
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FY-85 Phase I 

Project Title: Infrared Ice Accretion Measurement System 

Principal Investigator: Abbas M. Sinnar 

Company: Sinnar Associates 
10076 Shaker Drive 
Columbia, Maryland 21046 

Contract Number: DTRS-57-85-C-00120 

Period of Performance: 1 Oct 85 - 31 Mar 86 

Technical Monitor: s. Agrawal, ACT-310 

Summary of Completed Project: Remote runway surface condition 
sensors that could detect ice onset and monitor its rate of 
accretion on airport pavements would enhance runway safety while 
reducing airport equipment, manpower, and chemical costs. The 
main objective of this research was to demonstrate the concept 
feasibility of the proposed infrared ice accretion measurement 
system using a laboratory breadboard experimental setup. 

In this project, a laboratory test setup consisting of 
state-of-the-art equipment was designed, and the transmittal of 
water, ice, and various deicers were measured between 1 and 2 
microns to determine their absorption coefficients. Then, at two 
selected wavelengths, icing/deicing and frosting/defrosting tests 
were carried out to determine the concept feasibility of the 
proposed system. 

The research first confirmed the existence of "sought-for" 
differences between absorption coefficients of ice and water, 
then it successfully demonstrated the application of these 
differences in onset detecting and monitoring of icing and 
deicing processes. The research further utilized the unique 
transmittance characteristic of frost formation to distinguish it 
from icing processes. 
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FY-85 Phase I 

Project Title: Adhesive Materials for Sealing Conductors and 
Light Units in Airport Pavements 

Principal Investigator: William Holley 

Company: Springborn Laboratories, Inc. 
10 Springborn Center 
Enfield, Connecticut 06082 

Contract Number: DTRS-57-85-C-00127 

Period of Performance: 30 Sep 85 - 31 Nar 86 

Technical Monitor: A. McLaughlin, APM-~'40 

summary of Completed Project: KnowledgHable FAA personnel were 
interviewed regarding saw kerf fillings and landing light 
embedment. Problems and present techno:.ogy were discussed. One
and two-part sealant systems, including hot melts and Uv cure 
one-part systems, were evaluated for adhesion to asphalt sealant 
tensile properties including modulus arui coefficient of 
expansion, casting properties. SectionB of bituminous concrete 
runway were also evaluated for tensile properties and coefficient 
of expansion. 

Epoxies have very good adhesion to bituminous concrete and are 
reasonably trouble free unless poorly mixed. Preliminary 
indications are that the coefficient of expansion mismatch can be 
overcome by the addition of small glass beads. One or more 
ingredients in the commonly used unsaturated polyester appeared 
to injure the asphalt due to a solvent effect. However, this 
solvent effect appeared to diminish with time. Preliminary 
indications are that urethane and polysulfides may be suitable 
for runway use, but care must be taken in the formulation of the 
sealants/adhesives to avoid diluents, etc., that attack asphalt. 

One part systems such as amine-blocked, moisture-cure silicones, 
isocyanates, hot melts, Uv cure, and possibly polysulfides show 
preliminary promise for saw kerf filling. The silicones, 
isocyanates, and polysulfides are much too slow setting for 
runway light embedment. Whether hot melts could be used for 
setting runway lights was undetermined. The commercial liquid 
one-part systems are not suited to saw kerf use. 
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FY-85 Phase I 

Project Title: Integrated Navigation Data Reporting for Oceanic 
ATC surveillance 

Principal Investigator: Bryant D. Elrod 

Company: Stanford Telecommunications, Inc. 
6888 Elm Street 
McLean, Virginia 22101 

Contract Number: DTRS-57-85-C-00121 

Period of Performance: 1 Oct 85 - 30 Apr 86 

Summary of Completed Project: This project investigated an 
approach for supporting automatic dependent surveillance (ADS) in 
transoceanic airspace and areas with ATC coverage gaps. The 
technique utilized an onboard navigation data reporter (NAVREP) 
to provide consolidated position reports together with an 
assessment of data integrity. 

The research focused on 1) the functional definition of NAVREP 
algorithms for onboard navigation data integration and fault 
detection isolation, 2) the definition of NAVREP message contents 
compatible with current/projected ATC needs, 3) analysis of data 
link requirements, and 4) assessment of NAVREP feasibility based 
on top-level design requirements. 

Study findings indicated that the overall NAVREP concept was 
feasible with respect to interface design, processor speed, 
memory requirements, and development risk. Additional study is 
needed to refine the software structure and hardware requirements 
for an operational system. In particular, the utility of expert 
system methodologies to filter multiple navigation data streams 
needs to be evaluated. 
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FY-85 Phase I 

Project Title: Expert Systems Applications for Air Traffic 
Control: A Feasibility Analysis 

Principal Investigator: Arthur Gerstenfeld 

Company: UFA, Inc. 
710 Commonwealth Avenue 
Newton, Massachusetts 02159 

Contract Number: DTRS-57-85-C-00124 

Period of Performance: 1 Oct 85 - 15 Mar 86 

Technical Monitor: A. Adkins, ACT-550 

Summary of Completed Project: This res~~arch demonstrated the 
feasibility of using an expert system to aid in training air 
traffic controllers. The project developed several scenarios (or 
training cases) demonstrated how the co::nputer could be programmed 
to make decisions similar to a highly e~perienced air traffic 
controller. This was accomplished by developing a small system 
(LISP oriented) to provide proof of concept and practice. 

In the scenarios, an air traffic controller trainee could vary 
the arrival rates (handoff times) from en route to approach 
control. The ATC trainee was then able to make his/her own 
decision on clearances and compare them with the clearances given 
from the computer. The system was programmed in several ways to 
recognize the fact that when a controller issues clearances there 
is only "one answer". 
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FY-85 Phase I 

Project Title: Detection of Drugs in Concealed Compartments 

Principal Investigator: Glenn J. Lubrano 

Company: Universal Sensors 
P. 0. Box 736 
New Orleans, Louisiana 70148 

Contract Number: DTRS-57-85-C-00153 

Period of Performance: 1 Oct 85 - 30 Apr 86 

Summary of Completed Project: This research was conducted under 
a cost-sharing arrangement between the Federal Aviation 
Administration, the Department of Transportation, and the United 
States Coast Guard. Specific antibodies were tested as selective 
protein adsorbent coatings for utilization in piezoelectric (PZ) 
quartz crystal detection systems. Results of this study 
demonstrated a selective and reversible response of the coated 
detector to such drugs as cocaine hydrochloride, alkaline 
cocaine, morphine hydrochloride, and phenobarbital. A specific 
response to these drugs was achieved using antibody coatings. 
The responses were fast, completely reversible, sensitive (parts 
per trillion), and highly selective, thus indicating the 
viability of the use of protein coatings for the gas phase 
detection of concealed drugs. 

With a 9-MHz crystal as little as one part per trillion of 
cocaine, morphine, or phenobarbital was detectable. Excellent 
reproducibility of measurement was observed (3 to 5 percent). By 
using a higher frequency of crystal, an increase in sensitivity 
down to 0.01 parts per trillion was feasible. The research 
demonstrated the viability of the PZ approach to drug detection. 
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FY-84 Phase II 

Project Title: Development of surface Acoustic Wave (SAW) 
Altitude Sensor 

Principal Investigator: Edward J. Staples 

Company: Amerasia Technology 
(formerly Technology Management Assoc.) 
620-1 Hampshire Road 
Westlake Village, California 91361 

Contract Number: DTSR-57-85-C-00033 

Period of Performance: 1 Oct 84 - 30 Nov 86 

Technical Monitor: A. Bugie, AAP-500 

summary of Completed Project: There was needed a less costly and 
more accurate aircraft altitude sensor. In the Phase I SBIR 
study, a new type of high accuracy sensor, using surface acoustic 
wave (SAW) resonator technology, was proposed. studies showed 
that SAW resonator sensors could meet thE~ performance goals of 
avionics air-data instrumentation with higher accuracy, wider 
operating temperatures, and shorter warmup time. In Phase II, 
laboratory prototype sensors were design~~d, fabricated, and 
evaluated in terms of altimeter specifications. 

since the SAW sensor output is frequency, it could easily be 
interfaced with microprocessors without 1.1sing A/D converters. 
With the prototype SAW sensor fabricated in Phase II, 16-bit 
precision (approximately 0.001 percent) 'Nas demonstrated. The 
major source of error was temperature; hence, a temperature 
compensation technique was developed which utilized first-order 
analog temperature ware. Using temperature-compensation methods, 
a low-cost prototype air-data sensor with+/- 0.1 ft. resolution 
error for an altitude of 30,000 ft. was demonstrated. 
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FY-84 Phase II 

Project Titl~: Radar Traffic Monitor for Intersection Traffic 
Management 

Principal Investigator: Peter P. Toulios 

Company: Epsilon Lambda Electronics Corp. 
427 Stevens Street 
Geneva, Illinois 60134 

Contract Number: DTRS-57-85-C-00034 

Period of Performance: 15 Nov 84 - 15 Nov 86 

Summary of Completed Project: This research effort was conducted 
under a cost-sharing arrangement between the Federal Aviation 
Administration, the Federal Highway Administration, the National 
Highway Traffic Safety Administration, and the Urban Mass Transit 
Administration. The project involved the design and development 
of an upper microwave frequency radar system for presence 
detection and motion measurement of vehicular traffic 
intersections. The ultimate goal was to provide a radar vehicle 
detector product with improved reliability, lower cost for 
installation and maintenance, and greater versatility than 
commonly used inductive loop sensors. The radar system 
(operating at 35 GHz) was successfully developed using relatively 
simple designs for microstrip front-end and antenna. Results 
from the system tests demonstrated the ability of the system to 
detect vehicular traffic. Additional research into signal 
processing methods revealed that vehicle velocity information can 
be provided as an output. 
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FY-84 Phase II 

Project Title: Tieback Element and Soil Nailing Wall 

Principal Investigator: David E. Weatherby 

Company: Schnabel Foundation Company 
4720 Montgomery Lane, Suite 300 
Bethesda, Maryland 20814 

Contract Number: DTRS-57-85-C-00040 

Period of Performance: 27 Dec 84 -

Summary of Proposed Research: This project researched the 
development of an innovative earth rete~tion system. 
Specifically, it related to combining permanent tieback elements 
with soil nailing to enable the construction of a retaining wall 
in soils and soft rocks. This earth retention system was built 
from the top down. As the excavation pi~ceeds, it can be used 
for a permanent or temporary wall, or it. can be used to stabilize 
landslides. The project remains incompJ.ete; the final report has 
not been received. 

Anticipated Results: Tieback elements and soil-nailing walls can 
be used to construct earth retaining walls built in cuts. This 
technique offers the potential of significantly reducing the cost 
of retaining walls, reducing the size of the construction 
easement behind the wall, and shorteninq the time required to 
build the wall. Tieback elements and so:Ll-nailing walls could be 
used for the stabilization or prevention of landslides in soil 
slopes. 
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FY-84 Phase I 

Project Title: Laser Generated Surface Acoustic Waves for Flaw 
Detection in Transportation Systems 

Principal Investigator: Russell J. Churchill 

Company: American Research Corporation of Virginia 
642 First Street, P. 0. Box 3406 
Radford, Virginia 24143 

Contract Number: DTSR-57-85-C-00013 

Period of Performance: 31 Oct 87 - 30 Apr 85 

Technical Monitor: L. Neri, ACT-330 

Summary of Completed Project: Transportation systems require in
service inspection using nondestructive evaluation (NDE) 
techniques for flaw detection and characterization. In systems 
and components such as rails, bridges, pipelines, and vehicles, 
there was often limited access for diagnostic instrumentation and 
personnel. Therefore, it was ideal to make such measurements 
remotely by combining the strong features of ultrasonics and 
laser technology. The research program utilized laser-generated 
ultrasound as the basis of an NDE technique wherein conventional 
piezoelectric transducer and laser-based interferometric methods 
were used to detect material response to the probing ultrasound. 

The objectives of the research program were to 1) establish 
relationships between laser and material properties, 2) evaluate 
laser generation and detection methods, 3) look at fiber optic 
conductors, 4) design a dual-laser system, and 5) conduct a range 
of laboratory experiments. A pulsed ruby laser system was used 
to generate ultrasonic waves in aluminum test specimens with 
machined holes to simulate defects in boron-aluminum composite 
rods and in steel plates incorporating laser seam welds. The 
principal findings of the research included the successful laser 
launching of ultrasonic waves in the test specimens and the 
detection of material responses using conventional piezoelectric 
detectors, a Proctor transducer, and a helium-neon, laser-based 
Michelson interferometer. Two laser interaction regimes, a 
thermoelastic energy deposition resulting from unfocused ruby 
laser beams, and a plasma regime due to focused laser beams were 
found to generate two different acoustical responses in the 
specimens under test. Environmental noise and detector 
resonances encountered underscored the need for a sophisticated 
fiber optic, heterodyne, noncontacting, ultrasonic sensor. 
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FY-84 Phase I 

Project Title: Development of Low Thermal Conductance, Fire
Safe, No Smoke Emitting Interior Materials for 
Transportation Vehicles 

Principal Investigator: John Gagliani 

Company: Chem-tronics, Inc. 
1150 West Bradley Avenue 
El Cajon, California 92020 

Contract Number: DTRS-57-85-C-00020 

Period of Performance: 31 Oct 84 - 29 Apr 85 

Technical Monitor: T. Walsh, ADL-5 

Summary of Completed Project: This projE!Ct developed and 
characterized rigid syntactic polyimide foam panels possessing 
flame resistance, no smoke emission, and low thermal conductance. 
The products were intended to replace in1:erior materials in 
transportation vehicles which are now designated as potentially 
hazardous. 

During the course of the project, closed cell, syntactic 
polyimide foams which met the material rHquirements for use in 
ground transportation vehicles were deve:coped. Three 
configurations were selected which included foams with density 
characteristics of 16, 24, and 32 Kg/m3 [10, 15, and 20 lb/ft3), 
respectively. The three candidates were tested for mechanical, 
physical, thermal, and environmental properties. Findings 
indicated that all three met or exceeded project goals. The 
three candidate foams were faced with a qraphite cloth phenolic 
laminate to demonstrate end uses and applications. The facing 
provided a thermally stable, abrasion-re:;istant surface that 
meets aircraft wall and floor panel requirements. 
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FY-84 Phase I 

Project Title: Computer Technology to Evaluate Aircraft Vortex 
Wake Intensity 

Principal Investigator: Alan J. Bilanin 

Company: Continuum Dynamics, Inc. 
P. o. Box 3073 
Princeton, New Jersey 08540 

Contract Number: DTRS-57-85-C-00019 

Period of Performance: 30 Oct 84 - 30 Apr 85 

Technical Monitor: P. Massoglia, AES-310 

summary of Completed Project: This research effort was conducted 
under a joint cost-sharing arrangement between the FAA and RSPA. 
Existing analytical models of aircraft vortex wake dynamics were 
assembled to predict the evolution and decay of two commercial 
jetliner wakes. The calculations undertaken demonstrated that 
aircraft configurational characteristics such as engine placement 
and wing load distribution can significantly influence the early 
stages of wake decay. This study concluded that it is currently 
possible and practical to develop a computer design tool capable 
of assessing wake intensity for existing and future jet liners. 
Such a tool has potential application in evaluating separation 
standards for current and future aircraft, and it would allow 
airframe manufacturers to factor wake intensity into aircraft 
design. 
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FY-84 Phase I 

Project Title: Elimination of Turbulence-Induced Structural 
Failure and Control Loss in Very Light Aircraft 

Principal Investigator: Edward H. Allen 

Company: Daedalus Research, Inc. 
108 North Main, Suite 208 
Logan, Utah 84321 

Contract Number: DTRS-57-85-C-00018 

Period of Performance: 1 Nov 84 - 15 May 85 

Technical Monitor: J. Traybar, ACT-330 

summary of Completed Project: A system utilizing the free-wing 
concept was designed for light wing-loading aircraft. The system 
accommodates moderate to heavy turbulence~ without transmitting 
high gust loadings to the airframe or threatening loss of 
control. This project tested the system in a research vehicle 
approximating the design criteria set forth in 14 Code of Federal 
Regulations, Part 103. 
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FY-84 Phase I 

Project Title: Development and Testing of a Low-Cost Optical 
Weather Identifier 

Principal Investigator: Ting-i Wang 

Company: Dynamics Technology, Inc. 
Opto-electronics Division 
#4 Professional Dr., Suite 125 
Gaithersburg, Maryland 20878 

Contract Number: DTRS-57-85-C-00005 

Period of Performance: 31 Oct 84 - 30 Apr 85 

T~chnical Monitor: s. Imbembo, APM-650 

Summary of Completed Project: This effort involved a theoretical 
analysis, a system design, laboratory tests, and field tests to 
investigate the feasibility of the design and fabrication of a 
low-cost, compact optical weather identifier. The major 
advantage of this type of instrument is its ability to perform 
several present weather monitoring functions including 
1) precipitation state and type identification, and 2) rainfall 
rate and snow intensity measurements. Integrating these 
functions into one instrument amounts to a tremendous savings, 
not only in initial instrument cost, but especially in 
operational costs. A detailed integration system design was 
completed. 
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FY-84 Phase I 

Project Title: Development of an Optical-Electronic Barometric 
Altimeter 

Principal Investigator: Jaime A. Castano 

Company: Gulf Applied Research, Inc. 
10665 Richmond Ave., Suite 100 
Houston, Texas 77042 

Contract Number: DTRS-57-85-C-00012 

Period of Performance: 31 Oct 84 - 30 Apr 85 

Technical Monitor: T. Walsh, ADL-5 

Summary of Completed Project: The projec1: developed a highly 
accurate and economical aircraft altimeteJ~ with an accuracy of 
+/-20 feet over a range of altitude 0 to 60,000 feet. The motion 
of an evacuated bellows was monitored by dn optical position 
sensor which gave an electrical analog siqnal linearly related to 
the atmospheric pressure. While the sensor was very small, 
rugged, and inexpensive, it had a large ~fnamic range (100,000 
feet), high linearity (0.01 percent) and :~igh sensitivity 
(maximum bellows wall displacement needed 0.0014 inches). 
Important advantages for this new concept included the fact that 
the errors and the limited resolution inherent in the complex 
mechanical system of current altimeters was avoided, since 
nothing disturbs the bellows except a light beam. Zero setting, 
barometric pressure correction, and calibration can all be done 
electronically. The electrical signal was directly compatible 
with digital displays, computer interface, and automatic altitude 
transmission. · 
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FY-84 Phase I 

Project Title: Icing Monitoring Equipment 

Principal Investigator: Otakar Jonas 

Company: Jonas, Inc. 
1113 Faun Road 
Wilmington, Delaware 19803 

Contract Number: DTRS-57-85-C-00011 

Period of Performance: 31 Oct 84 - 31 Apr 85 

Technical Monitor: E. Schlatter, ACT-340 

Summary of Completed Project: This project developed and 
laboratory tested a new icing probe and monitoring system for 
roads, bridges, airport surfaces, aircraft, structures, and other 
applications. Test principles were applied to a laboratory model 
and a prototype icing monitor which were extensively tested. 
Test conditions covered distilled and rain water, wet and dry 
snow, freezing rain, humid air, tap water, water and ice 
contaminated with road salt, acids, defrosting chemicals, and 
dirt. The test principles were confirmed and the equipment 
performed well under all test conditions, clearly distinguishing 
between air, water, ice, and snow. The prototype icing monitor 
field test lasted approximately 2 months during which natural 
meteorological phenomena, such as snow, rain, and freezing rain, 
were encountered. 
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FY-84 Phase I 

Project Title: Innovative Solar Cell System for Protection from 
Thermal and Solar Radiation 

Principal Investigator: Thomas w. Oakes 

Company: Oakwood Industries 
10303 Centinella Drive 
La Mesa, California 92041 

Contract Number: DTRS-57-85-C-00022 

Period of Performance: 31 Oct 84 - 30 Apr 85 

Technical Monitor: T. Walsh, ADL-5 

Summary of Completed Project: This research effort was conducted 
under a cost-sharing arrangement between the Federal Aviation 
Administration and the United States CoaBt Guard. The purpose of 
this research was to experiment with pro1:ective measures that 
would enhance electrical production and <:ell life. The problem 
with photovoltaic cells was that they an~ subject to thermal 
degradation as well as deterioration due to radiation. 
Innovative use of an encapsulant (polymet· powder coasting) and an 
innovative enclosure system that energiu~d the cell with 
indirect, diffused, and reflected light 1o1aves were tested to 
determine their ability to yield improved results from cells. 

The research consisted of testing electrical output (in watts) 
from cells before and after an encapsula,t was put on them. 
Degradation exposure consisted of controlled artificial light to 
determine the effect over time on cells exposed in a special 
enclosure. The enclosure was designed t~ protect cells from 
long-term exposure by diffusing and reflecting the waves and only 
allowing indirect exposure. Research findings showed that powder 
coating encapsulant initially increased wattage output, 
especially for amorphous cells. Degradation exposure minimally 
decreased wattage output for single-crystal cells. Exposing 
amorphous cells only to indirect light substantially reduced 
deterioration and therefore increased cell life and production. 
Exposing amorphous cells from the beginning only to indirect 
light may be a method of yielding longer life, especially since 
they inherently deteriorate quickly from direct light exposure 
then stabilize in power output thereafter. 
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FY-84 Phase I 

Project Title: Development of Composite Foam Seating Materials 

Principal Investigator: Roy A. White 

Company: Springborn Laboratories, Inc. 
10 Springborn Center 
Enfield, Connecticut 06082 

Contract Number: DTRS-56-75-C-00014 

Period of Performance: 31 Oct 84 - 31 Apr 85 

Technical Monitor: A. McLaughlin, APM-740 

Summary of Completed Project: Flame retardant flexible 
polyurethane foam has found widespread commercial use as a 
seating material due to its favorable cost, support, and 
resilience characteristics. However, smoke and toxic gas 
evolution in the event of fire was a major problem. The goal of 
this project was to develop an improved fire resistant composite 
foam-seating structure. The composite structure developed 
consisted of an outer layer of silicone foam mechanically bonded 
to the foam-seating core material. In this project, the 
silicone/core material mechanical interlock concept was proven to 
be feasible. The silicone layer formed an ablative char which 
protected the underlying core material and delayed the evolution 
of smoke. 
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FY-84 Phase I 

Project Title: Rebreathing Device for Use by Passengers in 
Aircraft Fires 

Principal Investigator: Ludwig Wolf Jr. 

Company: Wolf Engineering 
2116 Nish Road 
Crystal Lake, Illinois 60014 

Contract Number: DTRS-57-85-C-00010 

Period of Performance: 11 Nov 84 - 11 May 85 

Technical Monitor: T. Walsh, ADL-5 

Summary of Completed Project: The feasibility of developing a 
rebreathing device for use by airline passengers during in-cabin 
fires was demonstrated. The device cons:Lsted of a modified 
passenger oxygen mask equipped with a canister containing about 
40 grams (1. 5 ounces) of lithium hydroxide to absorb the carbon 
dioxide produced by the passenger. The t:!Xperiment showed that 
this device can maintain the carbon diox.ide level in the 
rebreathing circuit below one percent fo:r 15 minutes, the life of 
the aircraft oxygen supply. 
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APPENDIX 1 

FY-83 Phase I 

Project Title: Development of Surface Acoustic Wave (SAW) 
Altitude Sensor 

Principal Investigator: Edward J. Staples 

Company: Technology Management Assoc. 
2239 Townsgate Road, Suite 208 
Westlake Village, California 91361 

Contract Number: DTRS-57-83-C-00159 

Period of Performance: 15 Oct 83 - 14 Apr 84 

Technical Monitor: A. Bugie, AAP-500 

Summary of Completed Project: A new type of high accuracy sensor 
using Surface Acoustic Wave (SAW) crystals was analyzed in terms 
of altitude sensing requirements for avionics air-data 
instruments. The SAW sensor output is a frequency proportional 
to altitude with a scale factor of 2 Hz/ft. at sea level. A 
study of resolution limitations based upon intrinsic noise 
sources predicts a resolution limit of 0.06 ft. 

The major source of error-limiting achievement of the full 
resolution is the large temperature range over which the 
altimeter must operate. Studies of four methods of temperature 
compensation were performed: matched crystal, analog circuit 
compensation, digital compensation, and ovenized temperature 
control. The study concluded that digital compensation combined 
with low-cost ovenized temperature controls would provide an air
data instrument with +1.5 ft. error over the full temperature 
range. Additionally,-digital processing would enable scale 
factor conversions and nonlinearity corrections of the data. 
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