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This Missile Defense Agency Technology Applications 
Report focuses on the unexpected ways in which 
missile defense technology development has helped 
spawn innovations that can improve human health 
and safeguard human lives.



Foreword
The Missile Defense Agency’s Technology Applications 
(TA) program assists and guides innovators working to 
provide key emerging technologies for ballistic missile 
defense. The program helps bridge the gap between 
early-stage R&D and the establishment of reliable 
products that can serve present and future MDA needs. 
The delivery of reliable products depends on more than 
great ideas. It depends on entrepreneurial concerns that 
develop into solid commercial entities that can provide 
MDA and its partners with real, ready-to-use tools for 
real mission objectives.

Over the decades, the TA program has reported many 
success stories as it has worked to assist MDA-funded 
organizations through efforts such as Business Focus 
Workshops (geared toward Phase I SBIR companies) and Technology Applications Reviews (for 
companies further along in their product development). Publications such as the quarterly 
MDA TechUpdate and the annual Technology Applications Report, in print and on the Web, serve 
to spread the word about new ventures and new products stemming from the MDA SBIR/
STTR programs and other missile defense technology-development activities. The TA program 
also has produced special reports to address the transfer of missile defense technology into 
the realms of environmental monitoring, medicine and health care, commercial space, novel 
materials, solar power, software algorithms, and many other applications.

This MDA TA Report focuses on the unexpected ways in which missile defense technology 
development has helped spawn innovations that can improve human health and safeguard 
human lives. Diverse stories abound here. Low-power ascender units for emergency rescues, 
robots that make rounds in hospital wards, ultraviolet sterilizers that clip on to cell phones, 
and algorithms that track pints for the nation’s blood supply are just some of the intriguing 
tools that have a connection to missile defense research.

Today’s Ballistic Missile Defense System (BMDS) stands ready to protect the United States, 
its deployed forces, and its friends and allies. And, quite appropriately, many commercial 
technologies that have spun out of missile defense research efforts also stand ready to protect 
human lives, and to help improve the human condition—often on a very personal level.

Dr. Douglas Deason
Director, Advanced Research
Missile Defense Agency
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Over the past four decades, missile defense 
technology has been successfully transferred to 
many other areas of human enterprise—such 
as utilities, space science, environmental sensing, 
medical technology, and security applications.



Introduction
In 1983, the Strategic Defense Initiative Organization (SDIO) began the work of creating a 
proactive defense against intercontinental ballistic missiles carrying nuclear warheads. SDIO 
sought to develop a hit-to-kill missile capability that would dilute the ability of an enemy to 
strike successfully with ballistic missiles. This preventive approach required a large array of 
new technologies—from materials to computing methods—to address the complex job of 
striking at ballistic missiles in their various phases of flight. Over time, the organization and 
its objectives evolved to address more localized, nonnuclear missile threats as well.

The SDIO officially became the Ballistic Missile Defense Organization (BMDO) in 1999, and in 
2002 BMDO became the Missile Defense Agency (MDA). Today, MDA continues its innovative 
research and development to further refine, test, and deploy missile defense capabilities in 
the real world through an integrated, layered deployment of the Ballistic Missile Defense 
System (BMDS).

Tools in the MDA arsenal for technology advancement include the Small Business Innovation 
Research (SBIR) program and the Small Business Technology Transfer (STTR) program, 
both of which fund early-stage projects at small companies, national laboratories, and 
universities. The combined SBIR/STTR effort has helped to guide nascent ideas into full-
blown commercial products for MDA, for the branches of the U.S. military, and for the U.S. 
commercial marketplace. Ultimately through such programs and related efforts, young 
concepts that are often best nurtured in an entrepreneurial environment can go on to 
enhance other areas of commerce and industry—while continuing to mature into products 
for potential use in missile defense.

This report focuses on how MDA research and development can save lives in unexpected 
ways, whether through direct medical intervention or through prevention or prediction 
of hazards. Over the past four decades, missile defense technology has been successfully 
transferred to many other areas of human enterprise—such as utilities, space science, 
environmental sensing, medical technology, and security applications. Innovations designed 
to distinguish warheads in a theoretical attack have been put to use in computer-enhanced 
digital mammography and endoscopy for detection of cancers. Substrates and sensors 
manufactured to better serve the needs of space-based assets in missile defense are now 
found in ultraviolet-emitting LEDs that can instantly sterilize water and surfaces. Optical 
advances meant to improve communications in missile defense operations now enhance 
the performance of security perimeters, the telecommunications industry, and pollution 
monitoring.

You can find all of these success stories here in the pages of this report, and you can find 
many more at mdatechnology.net—the online home of MDA’s Technology Applications 
program, which seeks to assist MDA-funded organizations as they turn technologies into 
products for MDA and for commercial users.
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The Need
Medical imaging has made long strides 
since the introduction of x-rays in the late 
1890s. Because x-rays expose patients to 
ionizing radiation, researchers continue to 
seek better ways to assess and diagnose 
the human body. While well-established 
modalities such as magnetic resonance 
imaging (MRI) and ultrasound continue 
to offer solutions, an infrared technology 
known as optical coherence tomography 
(OCT) is coming to the fore after some 
two decades in development. OCT works 
especially well in imaging the eye. Although 
OCT does not penetrate deeply into tissues, 
it can provide micron-scale cross-sectional 
images up to 1.5 millimeters deep and 
therefore holds great promise in the clinic 
of the future for diagnosing superficial 
lesions in various organs, where noninvasive 
or minimally invasive access is possible. In 
addition, OCT is a nonionizing technique, 
meaning multiple scanning procedures 
should not place patients at risk.

Examining the eye 
and skin in a new light
Optical tool offers clinicians a rapid, 
noninvasive solution for diagnoses



The Innovation
Physical Sciences Incorporated (PSI; Andover, 
MA) is developing two infrared (IR)-based 
methodologies with medical applications. 
One is an ocular profiler for improving the fit 
of scleral covers for eye burn victims, trauma-
related injuries, and the treatment of corneal 
disorders such as dry eye. The second is for 
the diagnosis of patients with skin burns. The 
ocular profiler measures the anterior portion 
of the eye and creates 3-D coordinates 
with the help of a camera to measure eye 
movement. PSI uses smart algorithms to 
subtract the influence of movement, and 
uses the high resolution of OCT to produce a 
better way to measure the eye for prosthetic 
fitting and eye covers for medical treatment. 
Traditionally, this fitting is done manually 
by highly trained practitioners, with many 
fitting sessions that require contact with the 
eye surface. Ideally, doctors would like to 
minimize physical contact with the injured 
or diseased eye. By reducing contact and 
accelerating the fitting process with an 
accurate OCT probe, it is hoped that clinicians 
can improve both the patient experience 
and the finished product.

For assessment of burns, an OCT- microscopy 
probe enables immediate treatment 
decisions—especially important since 
burns evolve quickly in the hours after the 
initial injury. An OCT probe, combined with 
confocal microscopy, can provide a look into 
the skin layer to the depth of 1.5 millimeters, 
to help determine the state of critical skin 
structures, to better assess the severity of 
the burn.

The Status
Since the 1990s, PSI has received several 
optical- and IR-related SBIR and STTR awards 
to work on MDA projects that have helped 
build the company’s knowhow and core 
technologies. In developing its OCT medical 

technology, the company continues to 
work under two separate SBIRs from a 
Department of Defense partner—one for 
further developing the ocular profiler, and 
a second SBIR for developing a hand-held 
tool that will quickly assess the severity and 
depth of a burn injury. PSI is working with 
Boston Foundation for Sight on the ocular 
profiler and with the Massachusetts General 
Hospital/Shriners Burn Center, Boston, to 
further the development of the burn-
assessment tool.
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The Need
Dr. William Clark, founder of Clark-MXR, Inc. 
(Dexter, MI), likes to point people to an online 
video of an infant hearing his mother’s voice 
for the first time. The 7-month-old child, born 
profoundly deaf, received cochlear implants, 
which stand in for the electrical circuits in 
the ear that make hearing possible. For 
congenitally deaf infants, cochlear implants 
can make speech possible, but only if the 
implants are acquired during the critical 
period for language development, generally 
thought to be before puberty.

Cochlear implants, while very advanced in the 
common sense of the word, are nonetheless 
made by hand, using an exacting weave 
of thin platinum wires. Platinum is an inert 
metal that can be stretched to half the 
diameter of a human hair, the size needed 
to complete the hearing circuit in the ear. 
These thin wires can be quite brittle and, 
as a result, the device can fail if one of the 
wires breaks after implantation. The time-
consuming nature of their fabrication also 
makes cochlear implants quite expensive. 
The procedure typically costs about $60,000 
per ear, in out-of-pocket costs.

Improving components
that enable the deaf to hear
Technique for cochlear implants 
promises better quality, lower price



The Innovation
Clark-MXR is working on a Phase II SBIR with 
the National Institutes of Health (NIH) to 
“direct-write” a pattern of platinum wires 
to form the electrode needed for cochlear 
implants, instead of hand-weaving delicate 
wires. The intent is to improve the quality 
and yield, speed the production, and 
reduce the price of cochlear implants. This 
direct-write ability is derived from the same 
ultrashort-pulse laser technology that the 
company developed for MDA. In the early 
1990s, Clark-MXR received Phase I and Phase 
II SBIR contracts to assist in the development 
of laser technology for MDA, work which was 
part of the then-pioneering development 
of compact laser sources. 

For cochlear implants, the company’s direct-
write technique ablates a layer of platinum 
that is bonded to a biocompatible polymer, 
leaving channels between the metal layers 
that constitute “fingers” that form the 
electronic circuit.

The Status
Clark-MXR’s work with NIH focuses on the 
quality, performance, and size of cochlear 
implant electrodes, and seeks to lay a 
foundation to improve other types of 
neurological implants. Other neurological 
systems can benefit from implanted and 
miniaturized circuitry, notably the retina, 
which can be bypassed with synthetic 
circuits to help produce visual signals in 
patients with diseases such as macular 
degeneration. Clark-MXR hopes to make 
inroads on new techniques for producing 
robust circuitry at lower costs, helping 
to increase the accessibility of important 
medical advances.

Contact
William Clark
Clark-MXR, Inc.
(734) 426-2803
clark@cmxr.com
www.cmxr.com
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The Need
Most of us have pigmented nevi, better 
known as moles, on our skin. In recent years, 
the medical community has helped raise 
awareness about the risks of skin cancer 
and sun exposure, with the particular 
risk of melanoma in mind. Melanoma is 
a rare cancer that can arise from moles, 
but it can be an especially serious one, 
with an American dying from it every 
hour on average. Melanoma is tied to skin 
color and sun exposure, especially to the 
number of blistering sunburns a person has 
experienced over a lifetime. Furthermore, 
it is one of the most preventable cancers 
through the use of sunscreen and protective 
clothing, and by avoiding sunshine at peak 
ultraviolet hours.

Assessing skin structure 
in search for cancer
Light-based tool aids dermatologists 
in melanoma diagnoses



The Innovation
MELA Sciences, Inc. (Irvington, NY), has 
developed a multispectral imaging and data-
analysis device, MelaFind®, that characterizes 
“atypical” pigmented skin lesions, or irregular 
moles, to aid and support dermatologists in 
determining which lesions to biopsy or rule 
out as melanoma. The noninvasive device 
gives the dermatologist an assessment of 
an irregular mole’s structural architecture 
below the skin surface, yielding objective 
data on the disorganization of the cells 
inside it. High disorganization is generally 
associated with atypia, or structural 
abnormality. MelaFind uses 10 wavelengths 
of light, including near-infrared, to query the 
structure of the atypical mole. A clinician 
can use results of the examination as a data 
point in deciding whether a mole should 
be biopsied or not. The device is designed 
for use by dermatologists only, and in late 
2011 received premarket approval from the 
Food and Drug Administration for use in the 
United States, as well as a similar approval 
(CE Mark) for use in the European Union.

MELA Sciences, Inc. (formerly Electro-Optical 
Sciences), was founded in 1989. One of its 
founders focused on so-called “machine vision” 

technologies connected with the company’s 
Phase I SBIR with BMDO, the predecessor of 
MDA. After extensively collaborating with the 
Air Force Phillips Laboratory and the National 
Cancer Institute, working to establish a large 
database of pigmented skin lesions, the 
company developed the instrument that 
would become MelaFind. Electro-Optical 
Sciences changed its name to MELA Sciences, 
Inc., in 2010.

The Status
MELA Sciences, Inc., is now a medical device 
company focused on the use of MelaFind in 
the clinical setting. The MelaFind device has 
received extensive press coverage in many 
major print and broadcast news outlets. 
The device is being used in roughly 100 
dermatology offices and clinics in 29 states 
across the United States, as well as in 42 
dermatology practices in Europe.

Contact
Asia Young 
Rpr Marketing Communications
(212) 317-1462, ext. 122
asia.young@rprmc.com
info@melafind.com
www.melafind.com
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The Need
The lengthy development horizons and 
prohibitive costs of pharmaceutical research 
seem to increase with each year. As a result, 
medical and biotechnology researchers 
always seek new ways to smooth the road 
to successful drug discovery. The first and 
hardest step in determining whether a 
compound has any worthwhile medicinal 
value occurs without the illuminating benefit 
of human interaction. Instead, computer 
simulation of molecular interactions, 
genomic information, knowledge regarding 
cell structures, and animal models are the 
first mile markers on the long path to clinical 
trials. To speed their work while maintaining 
quality and accuracy, and to help control 
development costs, researchers continue 
to demand better-performing and more 
efficient tools for their early-stage efforts.

A better way to model 
cell dynamics
‘Human-on-a-chip’ tool promises savings 
and greater accuracy for researchers



The Innovation
CFD Research Corporation (CFDRC; 
Huntsville, AL), working with experts at 
Harvard University and Department of 
Defense partners, has helped create “human-
on-a-chip” laboratory devices that provide 
realistic models of organs on a very small 
scale. The great advantage of most “labs-on-
a-chip” is the reduction in reagents needed 
to carry out reactions. CFDRC’s SynVivo® 
chips take this advantage one step further. 
CFDRC designed its SynVivo platform using 
real patterns of microvasculature, taken 
from scans of living tissue, reproducing 
their delicate networks of branched vessels 
on plastic chips. In living systems, shear 
stress—caused by movement of liquids 
along a cell surface—has a direct effect on 
cell behavior. This effect is in addition to all 
the chemical reactions taking place at any 
given moment, complicating the empirical 
view into the cell. The SynVivo chip allows 
researchers to observe these stresses and 
their effects on cell behavior, as well as 
interactions between cells, or between a 
cell and a particle such as drug-carrying 
polymer bead. The SynVivo chip can also 
distinguish particle shapes, something more 
conventional chips—called “linear-channel 
chips”—can’t do.
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CFDRC evolved some of its expertise 
through MDA SBIRs in missile physics-
based modeling tools for defense simulation 
scenarios. Creating virtual environments to 
examine how missiles tend to behave in real 
launch conditions is, in many ways, similar 
to modeling complex cellular behavior and 
the microanatomy of the human.

The Status
CFDRC continues to work with the National 
Institutes of Health (NIH) to further its 
patented SynVivo platform for human 
blood-brain barrier simulation and tumor 
culture. The company also is working with 
a Department of Defense health program 
to develop ways to identify cells known as 
pluripotent stem cells, which can be used 
to create mature cells of many types—for 
example, cells that perform life-saving 
functions such as restoring the body’s 
immune defenses. In current practice, 
labs use fluorescent labeling and antibody 
reporting techniques to identify stem cells via 
their unique surface markers; such processes 
destroy a critical portion of the stem cells 
to be harvested. CFDRC proposes to use a 
technique that identifies stem cells based on 
electrical-impedance properties, preserving 
the maximum number of harvested cells. 

The company continues to gather accolades. 
The Scientist magazine recognized CFDRC’s 
SynVivo platform as one of the “Top 10 
Innovations of 2013.”

Contact
Ashok Singhal
CFD Research Corporation
(256) 726-4829
aks@cfdrc.com
www.cfdrc.com



The Need
In the early days of missile defense 
research, MDA predecessor SDIO funded 
Dr. Mark Rutenberg to create algorithms. 
Dr. Rutenberg eventually founded CDx 
Diagnostics (Suffern, NY), where he applied 
his expertise to novel medical applications. 
To address the need for better tools to detect 
oral cancer, CDx Diagnostics combined 
computer algorithms originally designed 
for missile defense with a patented brush 
that samples tissue down to the basement 
membrane. The resulting product, the Oral 
CDx® biopsy system, was developed to 
sample lesions in the mouth as a way to 
help identify oral cancer. 

The company has since developed tools 
to address other needs—producing three 
endoscopic applications designed to 
improve cancer detection—in particular, 
esophageal cancer, a disease that has 
quadrupled in frequency in white males 
over the last two decades.

Improving the detection 
of oral and other cancers
Biopsy brush and software 
provide powerful diagnostic tools



The Innovation
While Oral CDx was designed to sample 
visible lesions in the mouth, the company’s 
latest application, EndoCDx®, was designed 
as a tool to supplement standard biopsies, 
which sample a complex cell layer called 
glandular epithelium. The company’s three 
EndoCDx products help detect dysplasia 
and cancer in the nasopharynx, larynx, and 
esophagus while providing computer-aided 
diagnostics to assess the tissue sample for 
presence of either dysplasia (abnormal but 
noncancerous tissue) or cancer.

Wide Area Transepithelial Sample (WATS) 
EndoCDx was developed to more effectively 
detect Barrett’s esophagus, a condition that 
sometimes arises from chronic heartburn, 
or gastroesophageal reflux disease (GERD). 
Physicians also can use WATS EndoCDx 
to detect early signs of cancer of the 
esophagus.

The Status
All four of CDx’s products—the oral product 
and the three EndoCDx offerings—are 
commercially available today. And the 
EndoCDx products, especially, stand to tap 
in to a huge market. Thirty million Americans 
have been diagnosed with GERD, and 
about 10 percent of them run the risk of 
developing Barrett’s esophagus, an abnormal 
area of tissue in the esophagus. While not 

cancerous itself, this abnormal condition 
has been found to be associated with a 
higher risk of esophageal cancer. Patients 
with both GERD and Barrett’s esophagus are 
therefore monitored closely and undergo 
endoscopy at regular intervals to prevent 
esophageal cancer. During endoscopy, the 
practitioner may take a biopsy of the lining 
of the esophagus. Standard biopsy, in which 
forceps are used to remove tissue from the 
esophagus every one to two centimeters, 
misses the presence of cancer about half 
the time. WATS EndoCDx, which is designed 
to detect both Barrett’s esophagus and 
esophageal cancer itself, collects more 
tissue than conventional biopsy techniques, 
and decreases sampling error, according to 
the company.

EndoCDx also can be used to detect cancers 
of the larynx, where the vocal cords reside, 
and the pharynx, which is at the back of the 
throat.  The third application for EndoCDx 
is a tool for sampling areas of concern in 
the nasopharynx, where the nasal passages 
meet the rear section of the throat.

Contact
Stephanie Lazarus 
CDx Diagnostics
(845) 369-7096 
slazarus@cdxdiagnostics.com
www.cdxdiagnostics.com
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The Need
Ultraviolet (UV) light has become a household 
term in the new age of bacterial awareness, 
as researchers train more attention on our 
unseen one-celled companions. While the 
jury remains out on the innocence of certain 
microorganisms, the trend to disinfect is here 
to stay. One way to kill simple microorganisms 
is to expose them to sunlight, a natural source 
of UV light. Another way is to expose them to 
manmade sources of UV light. Having handy, 
portable sources of germ-zapping UV light 
could enable more people to disinfect more 
surfaces in more situations.

Attacking germs 
with LEDs
Materials technology evolves into
ultraviolet sanitization tool



The Innovation
Researchers at an innovative young company 
called Sensor Electronic Technology, Inc. 
(SETi; Columbia, SC), may not have been 
thinking about sanitizers while seeking a 
better way to grow semiconductor materials, 
but the company’s eventual product, a deep 
UV-light-emitting diode (LED), fits right 
into the modern view. Originally intended 
to improve the yield and performance 
of substrate materials for potential use 
in missile defense electronics, SETi work 
has evolved into a hybrid technique that 
combines molecular beam epitaxy (MBE) 
and MOCVD (metal-organic chemical vapor 
deposition)—called “migration-enhanced, 
metal-organic chemical vapor deposition” 
(MEMOCVD™). In addition to improving 
power levels and helping reduce the 
overall size of some electronic systems, the 
method has proven to be highly effective 
for producing LEDs that emit light in the 
blue-to-deep-UV spectrum.

The Status
In recent years, SETi has worked to improve 
its LED applications through collaboration 
with two other Department of Defense 
research partners. One project yielded an 

eight-fold improvement in efficiency of the 
germicidal wavelength range in its LEDs. 
For the wider commercial market, SETi 
developed a clip-on unit to sanitize cell 
phones—which are veritable magnets for 
germs. The unit sells for about $300 each. The 
company also markets UV LED components 
that can be integrated into other sanitization 
products, from handheld sanitizers to larger 
systems. And in 2012, SETi began working 
on an effort with a Federal partner to create 
UV-LED water disinfection units for use in 
the field. The units, to be carried by a soldier 
on the move, for example, would include 
a filtration system to render water safe for 
drinking.

SETi manufactures two main product lines, 
UVTOP® LEDs and UVCLEAN® lamps. UVTOPs 
are deep-UV LEDs that span the wavelength 
range from 240 nanometers (nm) to 355 
nm. UVCLEAN multichip LED arrays emit 
between 255 nm and 350 nm.

Contact
Sensor Electronic Technology, Inc.
(803) 647-9757
www.s-et.com
info@s-et.com
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The Need
Medical operations demand more than skill. 
They demand precision—tools and abilities 
that aid surgeons in determining the true 
extent of the surgical challenge and how 
the problem can be solved without harming 
the patient. An MDA-funded company 
specializing in fiber-optics technology has 
developed tools that could bring greater 
precision in detecting tumors, resulting in 
minimal disruption to surrounding healthy 
tissue and organs.

Fiber technology makes 
tumor-targeting task 
more precise
Sensor approach minimizes damage 
by helping surgeons maneuver tools



The Innovation
Intelligent Fiber Optic Systems (IFOS; Santa 
Clara, CA) has employed its proprietary 
“fishnet” fiber-optic-based sensor grid and 
gyroscopes in the realm of robot-assisted 
surgery. The company’s technology supports 
a minimally invasive surgical tool for the 
close-up detection and biopsy of tumors in 
patients. Fiber Bragg gratings provide real-
time information on the shape, position, and 
force-sensing of the tool. And because it is 
nonmetallic, IFOS’s technology is compatible 
with MRI, which can be used to help confirm 
surgical results.

IFOS’s method relies on a thin, flexible, 
sensor-bearing fiber-optic cable that, 
along with tiny surgical instruments, can 
be inserted near the site of a suspected 
tumor. A combination of optical and haptic 
(touch-related) sensing enables a surgeon to 
visually track the exact path of the surgical 
tool inside the patient, while maneuvering it 
toward the area to be sampled. The precise 
navigation of the probe minimizes damage 
to neighboring tissue. After a suspicious 
lesion is successfully located, it can be 
removed and biopsied.

The Status
IFOS continues to test its optical-imaging 
assisted-surgery technology on “phantoms” 
that mimic the thermal and physical 
qualities of human tissue, with assistance 
from researchers at Stanford University and 
the National Institutes of Health. Company 
officials expect to move to laboratory tests 
using animals by 2015, followed by clinical 
trials in humans. Over the years, MDA 
and its predecessor BMDO have funded 
IFOS through 13 Phase I and three Phase 
II SBIR contracts to develop various fiber-
optic technologies for the agency’s needs. 
The company’s “fishnet” sensor system 
has been commercialized for use in the 
aerospace, biomedical, petrochemical, and 
transportation arenas.

Contact
Fereydoun Faridian
Intelligent Fiber Optic Systems, Inc.
(408) 565-9000
ff@ifos.com
www.ifos.com
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The Need
Advances in prosthetic limbs have allowed 
many amputees to return to normal, active 
lifestyles, in some cases enabling athletes to 
resume their sporting activities. Prostheses 
today are lightweight, versatile, and built 
not simply to enable movement, but to 
facilitate walking, running, and climbing, 
while striving to make movement as natural 
as possible. Makers of prosthetic devices 
continue to seek materials and techniques 
to produce more durable products that also 
improve the user’s comfort—even during 
periods of high activity that increase body 
heat and friction between the prosthetic 
and its wearer.

Advances in prosthetic 
composites bring comfort
Elastic memory composite addresses 
heat and friction challenges



The Innovation
Composite Technology Development, Inc. 
(CTD; Lafayette, CO) has developed materials 
that promise to meet the needs of prosthesis 
makers and users. The next generation of 
human prosthetic devices could benefit 
from CTD’s elastic memory composite 
(EMC) material, which the company makes 
by first heating fiber-reinforced thermoset 
polymers, such as epoxies, until they are 
pliable. The pliable, heated material can 
then be shaped and cooled to the exact 
specifications of the needed prosthetic. 

CTD’s prosthetic application stems from 
its work developing an EMC-based hinge 
to help deploy satellite components, such 
as solar arrays, once the vehicle is in orbit. 
The hinge movement relies on electrical 
heaters used to activate the shape-memory 
material, which then deploys the structure 
to the configuration needed for operation. 
Working with medical device providers, CTD 
determined that  the EMC material was also 
well suited for making prosthetic sockets, as 
the socket—where the prosthetic attaches 
to the residual limb—is where the most 
movement and friction occur. The heat-

sensitive socket could expand or contract 
based on the heat of the residual limb, 
allowing the prosthetic user additional 
comfort.

The Status
CTD’s elastic memory composite, funded in 
part through a 2000 Phase II SBIR contract from 
MDA-predecessor BMDO, was developed as 
a potential replacement for motor-driven 
or spring-actuated hinges on satellite solar 
arrays. CTD has been manufacturing its 
prosthetic socket technology for several 
years and continues to refine the concept. 
EMC could be further developed as “body-
interfacing” inserts for ski boots and other 
high-energy sports gear. The company is 
actively seeking additional partners in the 
medical community for further testing to 
bring EMC to the prosthetic market.

Contact
Mike Tupper
Composite Technology Development, Inc.
(303) 664-0394, ext. 111
mike.tupper@ctd-materials.com
www.ctd-materials.com
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The Need
For some cancer patients, airways can 
become compromised due to disease 
progression or side effects of treatment. 
Repairing or replacing a damaged trachea 
poses a great technical challenge. But one 
MDA-funded company, with the help of a 
cadre of international biomedical researchers, 
has been instrumental in helping to create a 
new trachea using a cancer patient’s stem 
cells, to successfully treat the patient’s 
blocked airway.

Collaboration yields 
replacement for 
damaged tracheas
Materials technology brings 
hope for better breathing



The Innovation
Hybrid Plastics, Inc. (Hattiesburg, MS), 
developed a material called polyhedral 
oligomeric silsesquioxane (POSS®), a 
nanocomposite polymeric material, to 
provide spaceborne electronics with a high 
level of protection against the radiation 
and harsh environment of space. During 
two decades of development, POSS was 
transformed into a commercially available, 
all-purpose protective coating material 
used throughout the world. POSS has 
found its way into coatings for computer 
chips and electronics wiring, into cosmetics 
such as mascara, into coatings to preserve 
historical monuments, and most recently 
into components to manufacture human 
organ replacements for life-enhancing 
interventions.

Collaborating with international biomedical 
researchers and surgeons, Hybrid Plastics 
developed a fully functional replacement 
human trachea that was subsequently 
implanted into a cancer patient. The 
procedure is relatively clear-cut: A patient’s 
stem cells are seeded onto an artificial, 
trachea-shaped POSS scaffolding, after 
which it is surgically implanted to replace 
the diseased trachea. Pluripotent stem cells 
can develop into a variety of cells, including 

the epithelial cells that line the inside of the 
body, and if they are of the same cellular 
identity as the donor, the resultant tissue 
does not trigger immune rejection of the 
new cells. The stem cells “infiltrate” the 
artificial scaffolding, eventually becoming 
a new, living structure that is fully supplied 
with blood vessels.  Given this initial success, 
researchers hope to use the same scaffolding 
method to create other POSS- and stem-cell-
based anatomical replacements for cancer 
or trauma patients.

The Status
Hybrid Plastics continues to proactively 
develop new uses and find new markets for 
its POSS technology. The company currently 
spends significant time working with 
partners on furthering its demonstrated 
biomedical prosthetic concept. The 
company’s other POSS-based products 
outside the biomedical realm are still 
commercially marketed, particularly in 
the consumer-products line and for use in 
historic preservation.

Hybrid Plastics has been developing its 
core technology for more than 20 years and 
received a substantial boost through a 2005 
MDA Phase II SBIR contract to develop a 
radiation-shielding material. A number of 
commercialized materials, including POSS 
computer-chip caps and POSS wire coatings, 
evolved directly from the SBIR contract.

Contact
Joe Lichtenhan
Hybrid Plastics, Inc.
(601) 544-3466
lichetenhan@hybridplastics.com
www.hybridplastics.com
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The Need
During emergency medical situations, one 
of the first things a responder determines 
is the state of the patient’s airway. If it is 
obstructed, a respiratory tube must be 
inserted. Intubation takes a fair amount of 
on-the-job training, particularly as the tube 
must not mistakenly enter the esophagus, 
and must also bypass the vocal cords. The 
procedure is even more difficult to do when 
the clock is ticking in an urgent setting. Tools 
do exist to guide intubation, but doctors 
have not had the ability to insert the tube 
with pinpoint accuracy in order to avoid 
damage to the vocal cords—until now.

Seeking an easier way 
to establish an airway
Robotic method can save time 
for responders working on trauma patients



The Innovation
Energid Technologies Corporation (Cambridge, 
MA) has developed software that, when 
paired with a Cyton™ robotic arm, serves 
as a tool for clearing a patient’s airway by 
precisely inserting a tube for breathing. 
The machine-based, precision approach 
to intubation—overseen by a human 
operator—allows a patient to maintain 
oxygen flow, but with minimized damage 
to the vocal cords or the fragile airway 
tissues. 

A medical worker can learn to use the robotic 
system with very little training, since a big 
part of the work is done by Actin™, a C++ 
software package developed by Energid for 
this biomedical technology. The medical 
practitioner needs only to align the robotic 
arm at the opening of a patient’s mouth 
and let the automated airway intubation 
process begin.

The Status
Energid has been at the forefront of robotics 
and machine-vision tools for more than a 
decade. After successfully demonstrating the 
company’s ability to build and field robotic 
air bridges for the nation’s airports, company 
officials decided to investigate biomedical 
possibilities. Energid’s first foray into the 
biomedical field resulted in the development 
of surgical simulators for medical students. 
The company’s latest innovation, the robotic 
intubator, has been tested at several U.S. 
hospitals, and Energid continues to move 
forward with plans to commercialize the 
robotic intubation system.

MDA originally funded Energid through a 
2005 Phase II SBIR contract to develop a 
3-D modeling system that could support 
missile defense needs. Almost immediately 
after finishing the project, Energid focused 
on commercialization, developing and 
demonstrating new robotics technologies—
from aircraft bridges to surgical training 
aids.

Contact
James English
Energid Technologies Corporation
(888) 547-4100, ext. 401
jde@energid.com
www.energid.com
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The Need
Factors such as physician shortages and 
shrinking appointment windows have 
combined over recent years to make face-
to-face minutes often scarce in medical 
settings. Ensuring that patients receive 
sufficient time with healthcare providers 
remains key to maintaining and improving 
the quality of care. Tools that can help 
maximize physician availability and support 
more effective communication stand to 
strengthen provider-patient relationships. 
Robotic tools offer one solution, and the 
same company that helped bring time-
saving robots into the household is now 
working to bring the first “telemedicine 
doctor” to hospitals—a surrogate that can 
be a doctor’s virtual presence when he or 
she cannot be there in person.

Building a robotic 
doc-in-the-box
Telemedicine approach addresses time,
 labor constraints in medical world



The Innovation
Working with InTouch Health, a telemedicine 
developer, iRobot Corporation (Bedford, 
MA) built a “robotic doctor” to make virtual 
visits possible when a doctor cannot be 
present. The remote-presence RP-VITA™ 
robot, enhanced with proprietary software 
and sensor equipment, can visit hospital 
rooms or exam rooms to facilitate patient-
to-doctor consultations. Working through 
the robot’s interface, a doctor can easily 
access all the patient’s clinical notes and 
medical images within a minute, using either 
a personal data assistant or a PC—without 
being in the same room as the patient. To 
mimic the feel of a consultation, the robot’s 
“head” is a video monitor, which allows a 
patient to feel like he or she is conversing 
with a live doctor. But the RP-VITA is not 
just a virtual “doctor on call.” Created with 
a team-based care approach in mind, the 
robot can be sent across a hospital floor 
to visit a patient on command, allowing 
doctors, nurses, pharmacists and other 
staff to coordinate care, including patient 
monitoring. Using a point-and-go system, 
the robot uses voice and facial recognition 
to take its instructions and carry out its 
duties. RP-VITA has autonomous navigation 
and one-touch driving capabilities, as well as 
data ports that can be connected to digital 
stethoscopes and ultrasound wands.

The Status
MDA predecessor the Strategic Defense 
Initiative Organization (SDIO) funded a 
group of MIT graduates to develop a six-
legged roving robot that would emerge 

from a hovering vehicle to take part in 
ground maneuvers. The project was part 
of an advanced-concepts test that involved 
many arms of the Department of Defense. 
The group of graduates became IS Robotics, 
now known as iRobot Corporation, which 
has since constructed itself into a many-
faceted robotics developer. The company 
has moved far beyond the scope of Defense 
projects and, building on the same core 
technology, has developed robots that 
perform tasks from vacuuming homes to 
inspecting suspected explosive devices. 
iRobot’s RP-VITA is commercially available 
and now in use. The technology was fielded 
in May 2013 to help improve patient care 
and optimize limited resources at six major 
hospitals in the United States and at one 
major hospital in Mexico.

Contact
Charlie Vaida
iRobot Corporation
(781) 430-3182
cvaida@irobot.com
www.irobot.com
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The Need
Every year, the American Red Cross works 
diligently to supply 40 percent of the 
nation’s blood, donated by approximately 
4 million volunteers. It is a daunting task to 
identify and track these many fragile, life-
giving units, which are further processed to 
supply platelets, sera, and other by-products 
used in medicine. Each unit is associated 
with a blood type, Rh-factor, and biological 
indicators that are critical to preventing 
adverse events in blood transfusions and 
the general use of blood components. 
Hospitals and emergency response teams 
rely on the nation’s blood-tracking system 
to quickly and safely work with the available 
blood supply.

Tracking blood supply 
across the nation
Data modeling and simulation work 
leads to important medical tool



The Innovation
Knowledge Based Systems, Inc. (KBSI; College 
Station, TX), working with the Department 
of Health and Human Services (DHHS), 
developed an aggregate-level blood-supply 
tracking tool called BASIS (Blood Availability 
and Safety Information System). Hospitals 
and blood-collecting facilities use BASIS to 
monitor, track, and predict needs for both 
quantity and type of blood products.

KBSI owes a measure of its data-mining 
expertise to six MDA SBIRs for various 
modeling and simulation tasks, dating back 
to the late 1990s.

The Status
The BASIS Web site is now an essential 
component of the nation’s medical 
infrastructure. In 2009, KBSI began to develop 
a similar tool to compile a database on the 
characteristics of U.S. blood donors, with 
an eye to predicting adverse events by 
collecting metrics on physical characteristics 

of donors, and computing correlations 
with such events. Such a database could 
eventually be used to identify those donors 
most likely to feel faint, for example, after 
donation, or who are more liable to have 
an allergic reaction to some component 
of various blood-processing techniques. 
A national effort under the umbrella of 
the American Association of Blood Banks’ 
(AABB) Donor Hemovigilance Working 
Group—which includes the American Red 
Cross, The Mayo Clinic, and the Department 
of Defense—is working with KBSI to develop 
a Donor Hemovigilance™ system using 
specifications developed by the working 
group.

Contact
Madhav Erraguntla
Knowledge Based Systems, Inc.
(979) 260-5274
merraguntla@kbsi.com
www.kbsi.com
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The Need
In addition to providing oversight on 
pharmaceuticals, the Food and Drug 
Administration (FDA) regulates and certifies 
medical devices, from drug-infusion pumps 
to pacemakers and everything in between. 
Software instructions are critical to the 
accurate control of drug dosages and flow 
rates. There are many ways to examine the 
integrity of software code, including so-
called dynamic analysis, which uses multiple 
test cases to try to determine the outcome of 
code instructions, and static analysis, which 
can test a much larger number of scenarios 
by analyzing the relationships between 
variables. Coding errors can lead to such 
things as memory leaks and buffer overruns, 
resulting in abrupt crashes—particularly 
undesirable in medical devices. 

The CodeSurfer and CodeSonar packages 
developed by GrammaTech, Inc. (Ithaca, NY), 
use static analysis methods that can detect 
errors in code much more quickly than with 
dynamic analysis. Neither dynamic nor static 
analysis can test all the possible paths of a 
computer program. However, static analysis 
can reveal software bugs that might not 
be apparent even after many runs in the 
real world.

Detecting defects in 
software for medical 
devices
Analysis technique helps ensure reliability 
of code for variety of applications



The Innovation
GrammaTech developed a number of code-
evaluation techniques to identify defects 
in computer software. The company has 
advanced its work through Phase I and 
Phase II MDA SBIRs to develop tools for 
supporting C/C++ and Ada code for MDA 
and DOD applications, primarily to deal 
with legacy software applications for large 
programs. In addition, the company worked 
on static-analysis-based code assurance for 
MDA software in general. 

In the medical realm, through Quality 
Systems Regulation/Good Manufacturing 
Practices, FDA now encourages the use 
of static analysis, including CodeSonar, to 
improve post-market surveillance of medical 
devices. If a software-driven device fails 
in the field, the FDA’s Center for Devices 
and Radiological Health (CDRH) typically 
performs an investigation that includes 
examination of source code. In a case study 
of one such device, conducted by CDRH, 
CodeSonar was able to uncover more than 
100 defects underlying critical functions, 
using 210 person-hours to carry out the 
analysis. CDRH recognized this time savings 
as considerably superior to that which would 
have been required for a wholly manual 
analysis, and currently regards static analysis 
as a much more reliable method for tracking 
errors in software.

The Status
Working with various Federal agencies and 
private capital, GrammaTech has refined 
its techniques to produce a winning 
combination of analytical packages. 
Today, the company continues to develop 
and market its analytical tools in various 
fields, including computer security, 
telecommunications, industrial controls, 
and transportation. According to the 
company, customers include corporations 
such as Bausch & Lomb, GE, Hyundai, LG, 
Lockheed Martin, Panasonic, Samsung, and 
Sony Corporation.

Contact
Russell Wood
GrammaTech, Inc.
(925) 594-0080  
rwood@grammatech.com
www.grammatech.com
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The Need
Humans have been climbing upward and 
downward since the dawn of mankind. 
Climbing—whether for industrial rigging, 
recreation, or mining—involves not only 
labor but risk. And as technology has enabled 
us to build higher and explore deeper, the 
risks have grown. When mining accidents 
or climbing accidents inevitably occur, 
emergency responders must go deep or go 
high to extract a victim before a serious injury 
has the time to become fatal. The challenge 
is to lift both rescuer and victim—possibly 
weighing a total of close to 500 pounds—
smoothly and quickly without any delay of 
setting up motorized winches or organizing 
an old-fashioned man-haul.

Powered ascender 
to the rescue
Tool evolves to meet needs 
of  emergency responders



The Innovation
Quoin International, Inc., developed a 
special tool called a “powered ascender” 
that is uniquely suited to emergencies 
such as mine rescues and other accidents 
that require rapid descending or climbing. 
The ascender, marketed today under the 
name of “PowerQuick,” attaches to a rope 
and, powered by a battery, climbs at a 
rate of about 0.7 feet per second.  It has 
been likened to a “personal elevator” that 
eliminates the need for muscle power. 

Quoin didn’t start out with the powered-
ascension market in mind.  In 2000, 
MDA awarded a Phase II SBIR to Quoin 
to investigate the feasibility of flywheel-
based attitude control systems using a 
gas-powered micro-turbine starter. Another 
Defense partner noticed that work and in 
2005 funded Quoin to come up with a 
powered ascender based on the turbine 
technology. In tests using a battery-based 
version of the ascender, Quoin realized that 
even its slow test version was a potential 
product and the PowerQuick concept swiftly 
evolved from that realization.

The Status
Today, PowerQuick Manufacturing, LLC 
(Pontiac, MI), manufactures ascenders in 
Michigan and sells them through both U.S. 
and international marketing partnerships. 
The applications for the patented 
PowerQuick ascender are both military and 
commercial, with different models to suit 
different needs.

The PQ330 series, for example, was designed 
for military and police tactical use, lifting a 
lighter load of approximately 330 pounds 
at a speed of about 2 feet per second.  One 
version can even be submerged for use in 
marine environments.

The “workhorse” of the stable is the PQ500 
series, which is used to inspect and maintain 
bridges, utility poles, wind turbines, deep-
sea platforms, and towers, as well as to lift 
loads at seaports and construction sites. In 
2008, the PQ500-AX was certified to meet 
the European standard for Equipment for 
Explosive Atmospheres (ATEX).

Specialists in mine rescue use the PQ500-1.  
Troy Wolfgang, manager at the Pennsylvania 
Department of Environmental Protection, 
Anthracite and Industrial Minerals Mine 
Safety Program, says of the PQ500-1: “It’s a 
very valuable tool that we still use today in 
our training.”

Contact
Cathryn Jacobson
PowerQuick Manufacturing, LLC
(248) 256-1143
sales@powerquickmfg.com
www.powerquickinc.com
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The Need
Physical testing of new components and 
devices to determine their safety and 
reliability can prove expensive, and the testing 
comes with a huge drawback: the units 
tested are already designed, manufactured, 
and installed, and therefore must be tested 
after the fact. If a failure occurs, what needs 
to be changed? The design, the materials, the 
manufacturing process, or another factor?

This problem exists for many industries, from 
weapons systems to medical devices. Ideally, 
the time and place to identify potential 
problems is at the drawing board, using 
computational simulation. That’s easy to 
say but tough to do. Analysts need not 
only an understanding of materials, how 
they interact, and what happens to them 
under physical and chemical stress, but 
also computational tools and power to run 
billions of calculations quickly.

Virtual simulation 
improves product 
safety and reliability
Tool helps engineers build better products 
by predicting damage over time



The Innovation
VEXTEC Corporation (Brentwood, TN) was 
founded in 2000 to develop a computational 
process to predict long-term product 
reliability, at a time when MDA needed 
such a process. At that time, the aerospace 
community was inventing lightweight, 
strong, and flexible composite structures 
but was concerned they would fracture and 
fail. In 2002 MDA awarded VEXTEC an SBIR 
contract to demonstrate the feasibility of a 
new engineering tool to evaluate missile 
structure concepts based on predicted 
reliability, performance, and manufacturing 
costs. Under the SBIR, VEXTEC developed a 
simulation that led to a product called Virtual 
Life Management® (VLM), a computational 
tool that can simulate the behavior of very 
complex systems, parts, and equipment. 
VLM simulations explain why, how, when, 
and where product damage will occur over 
time and what can be done to improve 
product and equipment reliability. VEXTEC 
now boasts six patents for its physics-based 
computational methods to predict lifecycle 
data down to the microstructure level.

The Status
VLM has been used in more than 100 product 
applications, from manufacturing engine 
blocks and turbochargers to commercial 
airline bearings to military avionics and 
medical devices.  VEXTEC was recognized 
by Forbes Magazine as America’s Most 
Promising Company in 2009. Its clients 
include users in industries such as aerospace, 
automotive, electronics, oil and gas, and 
medical-device manufacturing, as well as 
government.

The medical-device market may be the 
most demanding commercial market since 
the reliability of an implanted device such 

as a pacemaker or stent can be a life-or-
death issue. Manufacturers, therefore, take a 
conservative approach to product innovation 
because of the potential impact on human 
life. Even in the nonmedical arena, the cost 
of redesigning many products is potentially 
quite high. VLM affords customers the 
opportunity to make design decisions before 
extensive physical testing and prototyping. 
VLM helps companies reduce the time and 
cost of product development, and to resolve 
performance and reliability issues related to 
fatigue, wear, and corrosion.

Contact
Carl D. Kolts
VEXTEC Corporation
(615) 372-0299
ckolts@vextec.com
www.vextec.com
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The Need
Propellants used in some missile defense 
applications must be carefully, closely, 
and continuously monitored for leaks—to 
prevent explosions, system failures, or toxic 
emissions. The same holds true for a wide 
variety of more commonplace chemicals 
used routinely in high school and university 
laboratories, in airports and subway stations, 
and even on farms and factory floors. 
Developing compact, affordable, easy-to-
use detection tools can help a broad range 
of users monitor chemicals and enhance 
safety in a variety of applications and 
environments.

Expanding chemical 
detection to protect 
more lives
Compact sensor package monitors 
dangerous compounds in variety of settings



The Innovation
In 2005 MDA awarded Seacoast Science, Inc. 
(Carlsbad, CA), an SBIR contract to create a 
detector and sample-handling system for 
oxidizers and hypergolic fuels. Seacoast 
was able to accelerate development of its 
preconcentrator system used to filter out 
false positives, and to develop new polymers 
to detect specific chemicals as required.

As a direct result of that research, the 
company later commercialized its award-
winning SC-210 chemical detection 
system, which in 2010 landed on the 
GSA Schedule, the catalog of commercial 
products and services from which Federal 
users may purchase. The sensor packages 
are lightweight and compact, taking up 
less space than a deck of cards. They can 
be tailored to specific compounds such as 
pesticides, and they can be left in place to 
detect air samples.

The preconcentrator component enables 
the production of inexpensive gas 
chromatographs for high school and college 
classrooms. Seacoast teamed with Vernier 
Software and Technology to produce the 
Vernier Mini GC, which launched in 2008 
and sold for $1,749 (compared to $25,000 
for a conventional gas chromatograph). In 
the spring of 2013, the partners released an 
upgraded version called the Vernier Mini GC 
Plus, featuring a unit that could operate at 
higher temperatures, with higher sensitivity, 
and with the ability to detect new classes 
of compounds.

The Status
Seacoast is spinning off a new company 
named Leek Detection to manufacture 
leak-detection sensors for the oil and gas 
industry. Applications include the use 
of floating rooftop monitors for above-
ground storage tanks and oil pipeline leak 
detection.

Working with another Federal partner, the 
company also is developing a point-of-care 
diagnostic system for emergency-room 
personnel. In theory, a handheld device 
could be used to wipe the skin and clothing 
of a nonresponsive patient to determine the 
presence of specific chemicals and narcotics. 
Knowing what a patient has ingested, for 
example, could be critical in determining 
how to save his life and how to treat him 
safely.

Contact
Chris Neidre
Seacoast Science, Inc.
(858) 922-2912
cneidre@seacoastscience.com
www.seacoastscience.com
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The Need
When equipment fails on an offshore oil 
platform, threats can arise quickly. The fear 
of a buildup of toxic or explosive gases 
can warrant an immediate shutdown of 
operations and evacuation of the crew.  
Specialists might be called in to determine 
whether it is safe for workers to return. 
But getting close enough to make that 
determination presents its own safety 
issues. The challenge involves ascertaining 
the status of the air surrounding the rig from 
a safe distance. Is something venting? If so, 
what?

Guarding against 
hazardous gases
Sensor system offers aid for energy 
industry, emergency responders



The Innovation
The answer to the problem is a special 
camera, called an imaging spectrometer, 
that an operator can use in real time to 
detect specific chemicals invisible to the 
human eye, by reading spectral signatures 
in the infrared range. 

In the late 1990s, BMDO (MDA’s predecessor) 
asked Pacific Advanced Technology 
(Buellton, CA) to research and prototype 
just such a tool, funding the company 
with a Phase II SBIR contract to develop 
imaging multispectral sensors and software 
for data integration. The resulting package 
eventually came to market under the trade 
name Sherlock®, and in 2005 the parent 
company created a subsidiary named Gas 
Imaging Technology (GIT) to commercialize 
the technology.

The Status
The potential for a gas build-up aboard an 
oil rig isn’t just a hypothetical scenario; it’s 
a not-too-uncommon event that requires 
real action.  For example, in 2010, following 
a platform mishap, the Malaysian company 
Petronas ordered an evacuation from one of 
its rigs. With good timing, safety specialists 
at Reliacraft Engineering Sdn Bhd had just 
two days earlier acquired GIT Sherlock 
VOC-equipped cameras. Working remotely 
from rescue boats, and then upon closer 
inspection of the rig, experts were able to 
use Sherlock to sound the all-clear.

GIT continues to offer its products to energy 
companies and utilities, and the business 
recently received a boost from independent 
third-party testing sponsored by the U.S. 
Environmental Protection Agency. Sherlock 
products are now certified to detect gas 
leaks as a supplement to other approved 
methods, important for essential tasks such 
as inspecting pipelines and fuel lines.

GIT has some future prospects in its 
own R&D pipeline. It is working hard to 
make its portable units even smaller and 
lighter, perhaps hand-held, which would 
be enormously valuable in emergency-
response and battlefield situations.

Contact
Michele Hinnrichs
Gas Imaging Technology, LLC
(805) 688-2088
micheleh@gitint.com
www.gitint.com
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The Need
When it comes to emergency response, 
many of the most critical tactics and activities 
must occur in the first few minutes.  A vehicle 
races to the scene of an accident or incident, 
and its crew deploys specialized electronic 
communications equipment, firefighting 
gear, and medical equipment. It all needs 
to work swiftly and reliably. But setting 
up stand-alone generators to run some 
equipment can delay emergency efforts. 
Ideally, for greater speed and simplicity, all 
the equipment would operate using a supply 
of household-type plug-in power from the 
already-running engine of an emergency-
response vehicle, regardless of whether it is 
idling or revving at high RPMs.

Emergency power 
on demand
Under-hood approach helps responders 
power support equipment



The Innovation
In the late 1990s, BMDO (MDA’s predecessor) 
awarded contracts to Raven Technology, LLC 
(Brunswick, ME), to demonstrate a practical 
method of efficiently producing 60-hertz AC 
power by means of using resonant-circuit 
techniques to excite the field of a specially 
designed high-frequency alternator. The 
company proved that a technique known 
as “soft commutation” could provide a small, 
high-power-density package. 

With four patents under its belt, the 
company decided to manufacture and 
market a novel generator, called Blackbird™, 
that can fit under the hood of an emergency 
vehicle—using the power of the vehicle’s 
engine to generate auxiliary power, even as 
the vehicle engine speed varies. Hundreds of 
Blackbird systems have been installed in the 
field, supplying 5 to 7 kilowatts of 120-volt, 
60-hertz AC power in real-world conditions. 
Customers include major firefighting vehicle 
manufacturers such as Pierce, E-One, KME, 
and Spartan. Other possible uses for the 
technology were tested by companies in the 
hydro-turbine and wind-turbine business 
and for on-road refrigeration units.

The company later modified the Blackbird 
to generate 7 kilowatts of European-style 
230-volt 50-hertz AC power, and worked 
with a Swedish company to apply it to 
Stirling engines driven by thermal solar-
collector dishes. In all, seven patents evolved 
directly from the original BMDO-funded 
research.

The Status
In 2012, the company decided it was 
time to think bigger. Keeping the same 
basic principle of modulating a magnetic 
field with variable-speed inputs, Raven is 

developing a different kind of machine 
that is not as compact and that won’t fit 
under a hood, but is designed to handle 
larger industrial-power formats in the 
realm of high-speed turbines, generating 
500 kilowatts or more.   The variable-speed 
capability enhances efficiency, simplifies 
grid interconnections, and eliminates the 
traditional need for gearing between a 
turbine and a generator.

Raven now seeks to help customers in need 
of a different kind of emergency response, 
with a more forgiving timeline. One example: 
a plant whose ownership wants to generate 
its own emergency power from plant 
operations, and stay open even if externally 
supplied grid power is disrupted.

Contact
Christopher N. Tupper
Raven Technology, LLC
(207) 721-1044
ctupper@raventechpower.com
www.raventechpower.com
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The Need
The first Roman aqueducts and great canals 
of Imperial China were built thousands of 
years ago, demonstrating the importance 
of water systems to the survival of millions. 
Today, the world’s billions cannot live in 
cities without a reliable means to purify 
and circulate water for all its many uses.  
The integrity of waste treatment plants 
and sewage systems is also critical; without 
proper sanitation, city life would consist of 
one health crisis after another. As urban 
populations grow and as officials attempt 
to maintain and modernize infrastructure, 
cities require new tools to help them protect 
and monitor their evolving water systems.

Fiber optics used 
to monitor critical 
infrastructure
Line of sensing products springs from 
expertise built during MDA projects



The Innovation
Traditionally, fiber-optic cable has been used 
to transmit information from sensors, not to 
provide information as a sensor. Instead of 
merely carrying data from a large number 
of individual sensors put in place to monitor 
points along a pipe, an optical fiber can itself 
provide real-time data about the location 
and type of acoustic and temperature 
changes over tens of miles. The approach 
offers a more thorough monitoring of key 
infrastructure such as water systems, but it 
presents a tough engineering challenge. 
Meaningful optical reporting requires a 
complex analysis of how light is scattered 
and reflected back from various points along 
the cable.

When MDA awarded SBIR contracts to 
Optellios, Inc. (Newtown, PA), in 2001 and 
2002, the challenge at the time was to 
develop a wavelength-agile polarization 
imaging system for use in free space—in 
short, a camera that could detect changes 
in polarity as well as frequency and intensity. 
The signal-processing expertise developed 
during that research produced a handsome 
payoff to the company in subsequent years 
as Optellios developed a line of sensing and 
monitoring tools centered on the fiber-
sensor concept.

The Status
Today, Optellios sells a suite of application-
specific, fiber-optic-based intrusion-
detection and alarm-management solutions 
under its FiberPatrol® product line. The 
customers include private-sector and 
public-sector users in areas as diverse as 
transportation, chemical, electric power, and 
water treatment.

A typical example is the FiberPatrol FP6100X 
system. It uses a fiber-optic cable buried 
along a pipeline to detect and locate 
ground vibrations associated with third-
party interference activity.   The technology 
detects vibrations caused by digging 
equipment long before it can reach the 
sensing cable and the pipe. The system 
provides early warning and the precise 
location of an intrusion, enabling rapid 
response and preventing expensive damage 
that might cause pipeline shutdown.

One of the most intriguing future applications 
for fiber-optic monitoring is in the area of 
rapid deployment for infrastructure that is 
not permanent—for example, a construction 
site or an emergency staging area for 
supplies and equipment. FiberPatrol would 
bridge the gap between providing perimeter 
security and assuring infrastructure integrity, 
simultaneously.

Contact
Kevin Bradley
Optellios, Inc.
(267) 364-5298, ext. 211
kbradley@optellios.com
www.optellios.com

47

Missile Defense Agency 
Technology Applications 
Report 

Healthy Innovation

Missile Defense 
Technologies Applied: 
Medical and Safety 
Solutions



The Need
Human use of fire as a tool has brought with 
it the obvious challenges over the millennia. 
When used to warm a dwelling, how do 
you retain the most heat to conserve fuel 
and to ensure a suitably toasty structure? 
(The question is one of insulation.) And 
when used for heating, for cooking, or 
for other purposes, how do you ensure 
that fire does not damage or burn nearby 
structures? (The question is one of safety 
and fire prevention.) The insulation and fire 
protection challenges over the years have 
spread from simple dwellings to complex 
space-launch structures and industrial 
environments. Where there is fire or extreme 
temperatures, the need for insulation and 
the need for safety persist. New materials 
to address those needs must keep pace 
with modern environments and evolving 
demands.

Addressing fire-protection 
and insulation needs
New material supplies solution for evolving 
demands in a variety of applications



The Innovation
Reaching beyond Earth was the key to the 
development of a technology called flexible 
aerogel—a lightweight, multilayer material 
that serves as a barrier from the intense heat 
of rocket launches and insulates spacecraft 
from extremes of heat and cold found in the 
vacuum of space. 

Early silica aerogels were fragile and 
expensive. In the 1990s, both NASA as well 
as MDA’s predecessor, BMDO, contracted 
with Aspen Systems, Inc., to make aerogel 
more flexible and affordable. In its R&D work 
for MDA, starting in 2002, Aspen patented 
a technique to laminate and stitch the 
material to enable the fitting of blanket-
type insulation into tight spots and corners 
of satellites. The ease of application makes 
the material suitable for a broader range of 
uses in which insulation and fire protection 
are essential.

The Status
The possible applications for flexible 
aerogel were so wide-ranging that the 
parent company created a new company 
called Aspen Aerogels (Northborough, 
MA) to market three kinds of product lines: 
Cryogel®, Pyrogel®, and Spaceloft®.

Products include Pyrogel XTF, a material 
intended for extreme fire protection for 
applications in which thermal insulation 
and structural fire protection need to be 
combined in a single space. A refinery or a 
petrochemical processing plant might be 
the ideal customer.

Comfortable homes also need a good 
combination of insulation for energy 
efficiency and fire retardance, but at 
affordable prices with a minimum of 

retrofitting.  Products using Spaceloft are 
now combined with exterior building 
materials to provide a ready-made solution 
for new construction and mobile homes. 
Firefighters might one day benefit from the 
same product.  The company is expanding 
into the outdoor-gear market and is looking 
at ways to insulate clothing and footwear, 
to protect the intrepid adventurer from the 
extremes of the environment.

Flexible aerogels are now receiving 
recognition in many ways. In April 2012, The 
Space Foundation inducted Aspen’s aerogel 
technology into the Space Technology Hall 
of Fame, which recognizes the best of Earth-
bound technologies that were originally 
developed for space applications. The 
company has no shortage of investors; in 
2013 Aspen announced it successfully raised 
$22.5 million in convertible-note financing 
from private sources.

Contact
George Gould
Aspen Aerogels, Inc.
(508) 691-1136
glgould@aerogel.com
www.aerogel.com
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