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Inst itute for Software Integrated 
Systems

Founded in 1998, Vanderbilt's Institute for Software 
Integrated Systems is a key national player in an effort 
to design the software-integrated systems that have 
become an essential part of human lives today ? in 
consumer appliances, vehicles, planes, hospitals, 
schools, design shops, factories, space systems, and the 
energy sector. Major sponsors of the institute include 
the Defense Advanced Research Projects Agency 
(DARPA), the Air Force, the Army, the Navy, the National 

Inst itute for Space and Defense 
Electronics

The effects of radiation on electronic components and 
systems are among the most significant reliability 
challenges facing DOD systems. These effects occur 
when radiation, in the natural space environment or 
produced by weapons, interacts with sensitive 
electronic devices. The effects range from temporary 
loss of data to catastrophic failure. Vanderbilt's 
Institute for Space and Defense Electronics (ISDE) is 
the only academic program in the U.S. directly 
involved in supporting DOD in radiation effects for 
strategic applications and is one of a very few 
programs involved in microelectronics research for 
space applications.

ISDE plays an indispensable role in ensuring that there 
is a sufficiently trained workforce in these critical 
technology areas. Over the past decade, ISDE has 

Soldiers partner with Vanderbilt  
researchers to create a new model for 
innovat ion

GPS, duct tape, microwaves, and computers? these 
everyday items have one thing in common: each was 
invented, in part or in whole, as the result of U.S. 
military research. The military?s rich history of 
innovation continues today at numerous labs and 
engineering centers. Soldiers from the 101st Airborne 
Division and the 160th Special Operations Aviation 
Regiment at Fort Campbell have teamed up with 
researchers at Vanderbilt University to solve tactical 
problems with soldier-inspired solutions. The five-year 
education partnership agreement between Vanderbilt 
and Army Futures Command is a potential model for 
military-academic collaboration across the nation, not 
only on the research and design of new technology, but 
also to promote greater understanding among 
institutions. Most recently, Vanderbilt has invested in 
equipment for rapid prototyping and mobile 
measurements to advance soldier-centered innovation. 
The partnership is expected to increase learning for 
both soldier and civilian students in STEM 
management, entrepreneurship and design, as well as 
provide the Department of Defense (DOD) additional 
laboratory space and expertise to address modern 
challenges facing soldiers.

Soldiers wearing the exosuit technology that mechanical engineers have been 
developing in collaboration with soldiers at Fort Campbell as part of our 
soldier-inspired innovation efforts. The suit offloads the soldier?s lower back 
when lifting to prevent injury.  (Vanderbilt University) 

trained more than 150 engineers with master?s degrees 
and Ph.D.?s. These highly trained individuals go on to 
support our nation?s efforts in radiation hardening and 
microelectronics research. In addition to government 
and industry positions, many of them have gone on to 
work in academia, training future generations to create 
a sustainable workforce. ISDE signed a five-year 
partnership with L3Harris Technologies to create 
advanced online training modules to leverage the 
expertise of ISDE engineers and faculty members 
within the Vanderbilt School of Engineering to create a 
ready source of technological updates for all L3Harris 
radiation effects engineers.

Annual funding for ISDE is approximately $5 million, 
with support from the Navy, the Air Force, the Defense 
Threat Reduction Agency, NASA and more than 20 
commercial enterprises. The institute was a major 
contributor to radiation hardening of the guidance 
system of the U.S. Navy Trident D5 Life Extension 
Program. It has also developed a small satellite 
platform using CubeSats for quickly and inexpensively 
assessing the radiation hardness of electronic 
components in space and conducts ground-based 
radiation testing using sources at Vanderbilt and other 
sites.
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The metamaterial, which is thinner than a human hair, differentiates the object 
(the Vanderbilt logo), resulting in the edges being selectively imaged. 
(Vanderbilt University)

Laboratory for Systems Integrity and 
Reliability

When flying a military helicopter over hostile territory or 
providing emergency aid to disaster areas, knowing the 
equipment can undergo a rigorous operating 
environment is crucial. Vanderbilt University School of 
Engineering?s Laboratory for Systems Integrity and 
Reliability tests advanced sensor systems that can 
rapidly detect early signs of failure in structures 
including aircraft, spacecraft, missiles, and ground 
vehicles. This research has been supported by the Army, 
the Navy, the Air Force, and the Marines, and has 
involved partnerships with several large defense 
contractors and equipment manufacturers.

Handheld technology to more easily 
detect  eye injuries on the bat t lefield

Current technologies for detecting ocular injuries are 
too bulky to be deployed in austere environments such 
as the battlefield. With support from DOD's 
Congressionally Directed Medical Research Programs, a 
Vanderbilt engineer is developing the first fully 
handheld optical coherence tomography (OCT) system 
by leveraging the onboard electronics of equipment 
that is already designed to be field-deployable. The new 
OCT system will function as a small attachment to 
battlefield-ready equipment and be able to diagnose 
combat ocular injuries in austere environments and 
prolonged field care settings. 

Team demos breakthrough in analog 
image processing

A research team of Vanderbilt engineers that includes a 
scientist at Oak Ridge National Laboratory, with 
support from the Office of Naval Research and DARPA, 
has demonstrated a new ultrathin filter based on 
metamaterials that allows for analog optical image 
processing. While digital image processing has become 
the prevailing technique in a variety of science and 
engineering disciplines, optical analog processing has 
the advantages of being low power and high speed. The 
metamaterial filter, the first of its kind, differentiates the 
incoming light directly, allowing one to directly image 
the edges or boundaries of the object. Edge filtering is a 
common pre-processing step in object recognition, for 
instance, detecting the edge of a lane for autonomous 
vehicles. It can also be used for detecting margins of 
tumors in medical imaging or in classifying cell size and 
type in the case of cell sorting for cancer detection. The 
key feature is the ability to perform image processing at 
the speed of light while requiring no input power and 
doing so in an extremely thin form factor which opens 
new doors for real-time and high speed optical analog 
image processing in applications such as machine 
vision and biological imaging.

Science Foundation, the National Security Agency, the 
Department of Energy, the Department of Education, 
and NASA. The institute has received over $220 million 
in federal funding since 1998 ? approximately 60 
percent of which is from DOD.

With support from DARPA and the Air Force Research 
Laboratory, the institute is developing a new framework 
for evolutionary software development. Traditional 
software development is a highly manual, very long, 
and often expensive process. The goal of the project is 
to develop technologies that allow for continual 
adaptation and rapid evolution of DOD 
software-enabled systems. By focusing on growth and 
adaptation, the new framework will reduce the costs 
and shorten the timeline for implementing software 
updates and fixes.

DARPA is also supporting efforts at Vanderbilt to create 
a portal for assured autonomy (AA) ? a type of 
autonomy that provides continual assurance of the 
system?s safety and functional correctness. This portal 
will serve as a unified platform for web-based scientific 
explorations of AA tools and offer a site for investigators 
to present, demonstrate, and disseminate their 
research output to the sponsors, the research 
community, and potential users.
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