
Institute for Software Integrated Systems 
Founded in 1998, the 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 energy. The institute is also 
advancing the development of protocols for the Internet of Things.  
Major sponsors of the institute include the Defense Advanced 
Research Projects Agency (DARPA); the Air Force, Army, and 
Navy; the National Science Foundation; the National Aeronau-
tics and Space Administration (NASA); the National Institutes of 
Health; and the Department of Education. The Institute for Soft-
ware Integrated Systems has received $190 million in funding since 
1998, approximately three-quarters of which is from DOD.

Institute 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 elec-
tronic devices. The effects range from temporary loss of data to cat-
astrophic failure. The Institute for Space and Defense Electronics 
is the only academic program in the U.S. directly involved in sup-
porting the DOD in radiation effects for strategic applications and 
is one of a very few programs involved in microelectronics research 
for space applications. The institute’s projects currently involve 14 
faculty members and six engineers. Annual funding is approx-
imately $5 million, with support from the Navy, the Air Force, 
NASA, the Defense Threat Reduction Agency, and more than 20 
commercial enterprises. The institute was a major contributor to 
radiation hardening 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.

Early detection of toxicant exposure in 
soldiers
Vanderbilt engineering researchers are working to support the U.S. 
Army Medical Research and Materiel Command’s (USAMRMC) 
Biotechnology High Performance Computing Software Applications 
Institute (BHSAI) in its efforts to construct predictive models to assess 
liver and kidney damage caused by environmental stressors, chemical 
toxicants, and drugs. Metabolic changes induced by toxicant expo-
sure are experimentally identified from the comprehensive analysis of 
large-scale “omics” datasets collected from the liver, kidney, plasma, 
and urine of rats. This research, along with computational analysis 
conducted at BHSAI, contributes to the identification of biomarkers 
for early detection of toxicant exposure in soldiers. In addition to its 
military significance, this project offers an unprecedented opportunity 
to integrate multiple “omics” platforms for improved understanding 
and detection of chemical toxicity. 

First circularly polarized light detector  
on a silicon chip 
With funding from the Army and Navy, engineers at Vanderbilt 
have created the first integrated circularly polarized light detector 
on a silicon chip. This development opens the door for creation 
of small, portable sensors that could expand the use of polarized 
light for drug screening, surveillance, optical communications, 
and quantum computing. For example, circularly polarized light 
could be used to increase the security of optical communications 
by including polarized channels that would be invisible to those 
who do not have the proper detectors.
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The chip in the hand does the same job as the conventional circularly 
polarized light detector on the right. (Vanderbilt)
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Using sound waves for bomb detection 
Vanderbilt researchers in civil and environmental engineering, 
chemical and biomolecular engineering, and chemistry are collab-
orating on an Office of Naval Research Multi-University Research 
Initiative grant with North Carolina State University to discover the 
fundamental mechanisms through which different types of energy 
can be generated and exploited in composite materials. One appli-
cation is for detecting explosives, using sound waves to “listen” 
to the material response. The goal would be to detect explosives 
from a longer (and therefore safer) distance than existing explo-
sive detection tools permit. Another development involves using 
white-light-emitting nanocrystals to build materials that function 
like a mood ring, changing color when they are stressed. To study 
this capability, the researchers excite the material with a laser and 
then measure the emission with a detector. Such nanocrystals offer 
the potential to make aircraft structures as well as civil infrastruc-
ture (such as bridges) safer by signaling the onset of wear and tear 
inside the material so that the appropriate repairs can be made.

Creating nanoscale membranes to detect 
toxins and other molecules 
With funding from the Army, Vanderbilt engineers and materi-
als scientists have created nanoscale porous membranes capable 
of detecting low concentrations of molecules relevant for medical 
diagnostics and homeland security, including proteins, DNA, and 
toxins. By borrowing well-established fabrication techniques from 
the microelectronics industry that have previously been used to 
help make components in computers and cellphones, Vanderbilt 
researchers found that it is possible to make arrays of tiny open-
ended holes on a silicon wafer that are more than 1000 times nar-
rower than the thickness of a human hair. These tiny channels can 
selectively capture and detect the presence of molecules of interest 
in a liquid environment more quickly and using a smaller volume 
of liquid compared to prior work. These results open the door to 
new cost-effective, high-throughput molecular detection tools.
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When flying a military helicopter over hostile territory or providing emergency aid to disaster areas, knowing the equipment has undergone 
rigorous testing is crucial. Vanderbilt University School of Engineering’s Laboratory for Systems Integrity and Reliability (LASIR) tests 
advanced sensor systems that can rapidly detect early signs of failure in structures including aircraft, automobiles, and wind turbines. This 
research is supported by the Army, Navy, Air Force, and Marines, and involves partnerships with several large defense contractors and 
equipment manufacturers. (Vanderbilt)


