
Thermal Imaging
Technique 

Detects Liars

A team of endocrinologists at the
Mayo Clinic (Rochester, Minnesota)

has developed a high-definition thermal-
imaging technique that instantly detects
cases in which people are lying. The tech-
nique, which measures the heat patterns
created by the face, accurately detected ly-
ing in more than 80% of the cases studied.

“This is the first technology that allows
lying to be measured in real time without
any contact with the subject,” said James
Levine, the thermal-imaging project-lead
at the Mayo Clinic.

The Mayo team conducted clinical tri-
als of the technology using a mock crime
scenario. Eight individuals were asked to
stab a mannequin, rob it of $20, and then
plead innocent to the crime in front of the
thermal-imaging system. Twelve other
control subjects who had no knowledge of
the crime or the crime scene were also in-
terrogated.

The thermal-imaging system moni-
tored the subtle changes in blood flow that
occurred in the face. A thermal camera
with a sensitivity of 0.025°C obtained im-
ages of the face at 30 frames per second.
When an individual was lying, a massive
increase in blood flow occurred around
the eyes, resulting in a sudden warming.
The system detected this heat pattern
change and displayed the areas around the
eyes as white.

The thermal imaging system correctly
identified six of the eight guilty individu-
als and eleven of the twelve innocent con-
trol subjects, achieving an 83% accuracy
rate. Experts from the U.S. Department of
Defense Polygraph Institute (DODPI)
then performed traditional polygraphs on
the same subjects, correctly categorizing
only 70% of them. According to Levine,
the results show that thermal imaging is an
effective alternative to the traditional poly-
graph.

“High-definition thermal imaging of
the face is a promising technology because
the camera accurately detects even the
slightest blood-flow changes that occur in

the face in response to lying,” said Levine.
“Once refined for practical high-volume
use, this technology will enable lying to be
rapidly detected in the absence of trained
staff and in a variety of physical settings.”

The thermal imaging system, which is
not affected by the use of heavy make-up
or false beards, could eventually be used in
conjunction with biometric technologies,
such as face recognition, to help safeguard
airports from terrorist attacks. The Mayo
team has already developed a miniature
camera that is substantially smaller than
the one used in the initial experiments.

Grant Awarded 
to Develop Battle

Uniform

T he U.S. Army has awarded the Massa-
chusetts Institute of Technology

(MIT) a $50 million grant to develop a fu-
turistic military uniform composed of
lightweight molecular materials. MIT,
which will receive $10 million annually for
the next five years, will use the grant mon-
ey to create the Institute for Soldier Nan-
otechnologies (ISN). The ISN will focus

on using nanotechnology to create gear
that can better protect soldiers against
both ballistic and chemical attacks.

“MIT won the grant because it has
many scientists in several key areas such as
nanoscience and polymer processing,” said
Timothy Swager, the ISN associate direc-
tor. “Bringing all these talents together to
form the ISN is the first step towards
achieving revolutionary advances in mate-
rials.”

According to Swager, the ISN’s role is
one of basic and applied research. The
main objective is to perform fundamental
groundbreaking research in a variety of
survivability-related areas for future army
applications. To make the battle uniform a
reality, novel nanoparticles, electroreolog-
ical fluids, and polymer actuators will have
to be created and incorporated.

The nanotechnology uniform, which
could reduce the weight of a soldier’s
equipment from today’s 125 pounds to
approximately 45 pounds, is expected to
possess superior strength polymers that
will allow soldiers to survive blasts. In ad-
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Periorbital, high-resolution thermal images of a
guilty subject’s face.The images were obtained be-
fore (a) and after (b) lying to the question,“Did you
steal the $20?” Red,orange, yellow, and white areas
represent progressively warmer temperatures in
the face.

An illustration of a woman soldier wearing a uni-
form of the future.
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dition to making a soldier more mobile,
the ISN also wants the uniform to have ac-
tive and responsive materials that provide
superhuman capabilities. Some of the de-
sired attributes include:

• artificial muscles that provide extraor-
dinary strength and leaping capabili-
ties;

• flexible and responsive materials that
allow the uniform to immobilize an in-
jured soldier, make a tourniquet, or de-
liver healing medicine to wounds;

• sensors that react when a soldier is un-
der chemical or biological attack.

Although such capabilities are still
many years away from becoming reality,
Swager predicts that MIT’s strong techni-
cal program in nanotechnolgy will enable
the ISN to succeed.

“MIT has a proven history developing
technologies for the military,” said Swager.
“Although the initial grant is for five years,
I am confident that the ISN will make sev-
eral revolutionary breakthroughs that will
warrant additional funding and provide
the army with useful products.”

The ISN will be staffed by approxi-
mately 150 people, including 35 MIT pro-
fessors from nine departments in the
schools of engineering, science, and archi-
tecture. Graduate students, postdoctoral
associates, and army specialists will also
constitute part of the faculty. The grant al-
lows the ISN to collaborate with MIT in-
dustrial partners Dupont (Wilmington,
Delaware) and Raytheon Co. (Lexington,
Massachusetts). Physicians from the Mass-
achusetts General Hospital and Brigham’s
and Women’s Hospital will also work with
the ISN.

Laser Ultrasonic 
Sensor Measures 

Paper Quality

R esearchers at Lawrence Berkeley Na-
tional Laboratory (LBNL, California)

and the Institute of Paper Science and
Technology (IPST, Atlanta, Georgia) have
developed a laser ultrasonic (LUS) sensor
that measures paper’s strength and flexi-
bility in real time. The sensor, which was
successfully tested at manufacturing
speeds up to 57 mph at the Mead Paper

Company mill in Ohio, uses laser light to
measure paper’s elastic properties.

“The paper experiment marks the first
non-contact LUS application on a moving
production web,” said Richard Russo, the
project-lead at Berkeley’s Environmental
Energy Technologies Division. “Prior to
this sensor, surface roughness prevented
such measurements on moving paper.”

The LUS sensor, which does not touch
or damage the paper, measures the time it
takes ultrasonic shock waves to propagate
from a laser-induced excitation point to a
nearby detection point. Its key compo-
nents include a commercial Nd:YAG laser
and Mach-Zehnder interferometer, a syn-
chronized rotating mirror, and control
electronics.

The research team initially tested the
LUS sensor at the Mead mill in July 2001.
The sensor, which was installed on a pilot
paper-coating machine, measured six pa-

per grades as they passed through the web
press. The papers’ bending stiffness and
shear rigidity were examined.

During the experiment, the Mach-
Zehnder interferometer directed a detec-
tion beam towards the synchronized rotat-
ing mirror. The mirror, specifically devel-
oped by the research team, moved the in-
terferometer probe beam in a circular pat-
tern with the paper. The beam encoun-
tered the paper as it moved along the pro-
duction belt, effectively stopping the paper
motion with respect to the detection spot.

An optical encoder determined when
the detection beam was perpendicular to
the paper. An adjustable delay circuit (also
developed by the research team) then fired
the pulsed Nd:YAG laser. This laser pulse
sent ultrasonic shock waves through the
paper sheet that were registered when the
detection beam was in position on the pa-
per surface.

Using this technique, the research
group accurately obtained measurements
of the papers’ properties at speeds up to 57
mph—the highest production speed used
in the papermaking industry. The LUS
sensor’s signals remained constant
throughout the experiment and the laser
pulses did not damage the paper.

“We achieved precise paper measure-
ments online that were previously only
obtainable in a laboratory,” said Russo.
“The fact that the LUS sensor allowed us
to monitor nanometer displacement in a
mill environment is a phenomenal event
that should drastically affect the paper
manufacturing industry.”

According to Russo, the real-time mon-
itoring of paper’s mechanical properties
will dramatically save on energy costs and
natural resources. Since paper quality can-
not be commercially monitored in the fac-
tory, paper analysts must evaluate paper
samples taken from manufactured three-
ton rolls. If the sample does not meet the
required specifications, the entire roll is re-
cycled or sold as an inferior grade.

“It takes a tremendous amount of ener-
gy to make paper,” said Russo. “If manu-
facturers prevent substandard paper from
being produced in bulk, millions of dollars
in energy costs will be saved.”

A full-scale mill demonstration of the
LUS sensor is scheduled for the summer of
2003. If the trials are successful, Russo pre-
dicts that a commercialized version of the
sensor will be on the market by 2005.

Schematic of the LUS experimental system.

The LUS sensor used in the mill trial.
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