











and optical fibers to “see” cancerous tumors in
parts of the body. Special cameras combined with
software provide “‘machine vision™ (pattern rec-
ognition) that can be used to detect flaws in fab-
rics while they are being woven or to detect and
classify defects in semiconductor waters during
manufacture.

I advances in sensor technology are
driven by the automobile industry’s need for in-
expensive, reliable measurement and control
technologies. In modern automobiles, sensors
feed data to microprocessors controlling actua-
tors that activate mechanical devices, ensuring
smooth operation of anti-lock brakes. cruise and
traction controls, and fuel injection systems. Even
more advanced sensors, actuators, and computer
controllers will be incorporated into future cars
for satellite-based navigation systems to help
drivers reach their destinations faster and for ra-
dar collision avoidance systems to reduce the
number of automobile accidents. In future air-
bags, chips that detect an abrupt change in accel-
eration will also sense a person’s weight and size
and adjust the airbag inflation force accordingly.

The goals of ORNL research in sensors and
measurement include miniaturization and intel-
ligence—designing smaller. smarter sensors on
silicon chips. Such chips will combine sensing
with computing, or signal processing, as well as
signal transmission to an external receiver. These
Smart Sensors are " ing possible smart cars,
smart buildings. and smart machines.

Measures of Our Success

ORNL has traditionally been deeply in-
volved in the measurement sciences. Our multi-
disciplinary organization is a particular strength
in developing advanced sensors. Almost half of
the R&D 100 awards given by R&D magazine
to Oak Ridge researchers (who lead the other
Department of Energy laboratories in the num-
ber of such awards received) have been for de-
velopments of measurement techniques and de-
vices.

We have years of experience developing
instruments, beginning with radiation detectors
needed to monitor ORNL's reactors and our em-
ployees. Many of the fundamental principles of
reactor control and protection systems developed
at ORNL for the Laboratory's early reactors are
used widely in commercial nuclear power plants.
In 1975 our noise analysis measurements. with
which we learned to detect nuclear plant anoma-
lies using the reactor’s “noise™ signature, ex-
plained why the General Electric (GE) Compa-
ny’s boiling water reactors were experiencing
some internal damage. Our results led to a gov-
ernmental decision to keep them operating. but
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at lower power, until GE solved the problem.
Later ORNL noise analyses in the mid-1980s
showed it was feasible to measure the stability
of boiling water reactors, and this measurement
concept was later marketed by GE.

In another energy area, we developed mea-
surement technologies to determine the temper-
ature, energy transfer, and other parameters in
fusion energy plasmas. ORNL measurements of
the electron density profile at the edge of the plas-
ma have advanced the science and technology of
heating fusion plasmas with radiofrequency pow-
er.

We measured the radioactivity emitted af-
ter the 1979 accident at the Three Mile Island
nuclear power plant. We measured uranium, mer-
cury. and many other pollutants in soil, water,
and air. We found that the health risks of the pub-
lic’s average exposure
to environmental tobac-
co smoke may not be as
high as other studies
suggest.

We invented the
routinely used commer-
cial device for identify-
ing and measuring con-
centrations of body
fluid constituents that )
indicate disease states. &
We developed instru- \
ments to detect carcin-
ogens in the environ-

ment and DNA
indicators of the pres- &
ence of diseases. o}/

We used radioac-
tive isotopes and vari-
ous instruments to fol-
low the movements of
nutrients and pollutants
and the carbon dioxide

to solve tough problems. For example, we have
applied our multidisciplinary strengths to devel-
op a variety of approaches to solve one of the
world’s worst pollution problems—buried land
mines that kill and maim people and prevent the
use of large tracts of land. Three of our sensor
technologies highlighted in this issue of the Re-
view are being developed to detect the chemical
signature of plastic explosives that have leaked
out of mines into the soil, from which they may
vaporize into the air. (1) Our direct-sampling ion
trap mass spectrometer. which is being reduced
from the size of a desk to that of a briefcase, can
sniff out explosive molecules in the soil or air.
(2) Microcantilevers (tiny springboards attached
to electronic chips) coated with platinum bend
or vibrate in the presence of the explosive TNT.
When TNT is attracted to the platinum coating,
it reacts, causing a de-
tectable mini-explo-
sion and resulting de-
flection of the
microcantilever. (3)
ORNL researchers
have genetically engi-
neered bacteria to light
up in the presence of
trace amounts of TNT
from land mines.

Helping Our
Customers

Originally, ORNL
developed measure-
ment and control sys-
tems to meet the Labo-
ratory’s needs. Today
we have many outside
customers because of

and water vapor ex-
change rates in forest
ecosystems. Our moni-
toring technologies are
helping us predict the
etfects on forest produc-
tivity of air pollution,
increased concentra-

Punos Datskos (left) and Slo Rajic show the pro-
totype of the calorimetric microspectrometer
they developed. Called CalSpec, this device can
detect chemicals indicating the presence of
natural gas as well as vapors from explosives,
toxic materials, und chemical warfare agents.
For this development, the two researchers and
their colleague Chuck Egert received an R&D
100 award in 1998.

our expertise in mixed
analog and digital chip
design. Mixed-analog-
digital chips are the
keys to the integration
of analog transducers
and electronics with
digital computers and
signal processors on

tions of atmospheric

carbon dioxide, and the expected effects of glo-
bal warming—changes in daily temperature and
rainfall patterns.

ORNL’s Capabilities

We have smart people from many different
fields who work together to devise smart sensors

the same chip. Several
ORNL divisions are designing and building en-
tire “instruments on a chip.” and much progress
has been made toward the next level of integra-
tion and complexity—the “lab on a chip.” In these
microscopic systems, analog and digital electron-
ics are being combined with the ability to handle
micro quantities of liquids or vapors. DNA and
proteins can be analyzed on a single chip. pro-
viding information that could identify crime sus-












riel Command. The device will likely be used to
save the lives of both soldiers and civilians.

Lung Diagnosis Monitor

A soldier with a chest wound lies bleeding
on the battlefield. How critical is the wound? Has
the lungs’ ability to function been impaired? Is
the victim about to suffer pulmonary distress? If
the medic could get an accurate and rapid diag-
nosis of the problem. the correct therapeutic in-
tervention could be started to save the soldier’s
life. Medical personnel could then give the prop-
er care to boost the soldier’s chances of survival.

In response to the need for rapid diagnoses
of lung disorders and distress. Glenn Allgood and
Dale Treece, both in the 1&C Division, and the
Walter Reed Army Institute of Research
(WRAIR) are developing a high-tech device that
monitors and diagnoses the sounds of breathing.
This advanced pulmonary monitoring system for
identitying lung disorders is designed for both
field and clinical use.

“We envision that this diagnostic system
may someday provide Army medical personnel
with a rapid, accurate diagnostic tool that will
help them manage life-threatening respiratory
problems,” says Allgood, the principal investi-
gator. “The technology is being developed for use
in mobile hospital units, helicopters. and hospi-
tal emergency rooms. But one day it may be used
at home.

*It could become a diagnostic tool embed-
ded in crib mattresses to monitor babies’ breath-
ing for signs of respiratory failure or distress
linked to problems such as sudden infant death
syndrome. It could be used to monitor people hav-
ing asthma and pneumonia or to determine wheth-
er a person experiencing breathing problems has
a lung disorder or instead is suffering from stress
or some other problem accompanied by respira-
tory changes.”

The lung diagnostic system will combine
novel sensors to be placed on the chest or thorax
region and an advanced algorithm suite to dis-
tinguish between acoustic signatures from nor-
mal lungs and those expressing pathological dis-
orders. Fortunately. disorders such as
emphysema, pulmonary fibrosis, and pneumonia
have their own characteristic acoustic signa-
tures—unique patterns of abnormal sounds su-
perimposed on normal breathing sounds shown
as a series of peaks of different heights and dis-
tances from one another. So detection of these
signatures can help doctors identify lung disor-
ders.

The ORNL-developed algorithm has been
tested on a small data set from patients with
healthy lungs and known lung diseases to obtain
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the acoustic signature for each condition. Signa-
tures linked to known disorders are stored in a
data base. The ORNL algorithm compares the
acoustic signature of a patient with an unknown
disease with the signatures in the data base. If a
match is detected, the disease can be diagnosed.

Tests show that the algorithm can accurate-
ly analyze data obtained from digital stethoscopes
and thorax sensors. The data may be displayed
on a laptop computer or small computer worn on
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In this simulation, Jeff Ball plays the role of an
injured soldier who may have a serious chest in-
jury. After placing a thorax monitor on Ball, a
medic, played by Bob Vines, checks his wearable
computer for breathing “signals” that indicate
a particular lung disorder.

the body. ORNL is developing another device that
may be more useful for the battlefield and better
able to obtain data in lower frequency ranges.

Here’s one scenario of how it could work.
In the battlefield, as part of his combat equip-
ment, the soldier could either wear the sensor or
have designated places on the body where the
medic could put one (such as the optical acoustic
sensor with a fiber-optic coupler invented by
David Gerdt of Empirical Technologies Corpo-
ration). The sensor would then be linked, either
wirelessly or by a tether, to a wearable computer
carried by the medic. Acoustic measurements
from the soldier would then be analyzed, provid-
ing a qualified measurement of lung function. The
medic would then down link the data and admin-
ister appropriate care.

This device is being evaluated at ORNL to
determine its ability to distinguish among differ-
ent pathological disorders. Clinical tests of the
ORNL algorithm using new sensor configurations
will be conducted in 1999 at WRAIR.

New Hope for Burn Victims

When Karla was trapped in a house fire, she
received third-degree burns over 90% of her body.
In the burn therapy unit, doctors surgically
scraped and cut out the dead tissue to promote
growth of new tissue. They had to quickly ex-
tract the tissue to prevent infection. This tech-
nique of débridement is very painful but was nec-
essary to save her life.

A group led by Glenn Allgood is develop-
ing an alternative method that is expected to ease
the pain of burn therapy. It will use a two-laser
system to detect and remove the dead tissue al-
most simultaneously down to the cellular level.
The idea is to avoid the needless removal of
healthy tissue, a problem with today’s methods.

“We are aware of a prototype laser system
that scans a burn area, determines the laser pow-
er requirements, and then removes a layer of the
dead tissue, repeating the process until the area
is clean,” Allgood says. “The problem is that the
patient may move between the imaging and the
débriding. Our laser system will work almost in-
stantly, so the patient will be in the same posi-
tion between tissue mapping and removal.”

Laser light is reflected differently from
burned tissue than from normal tissue. The rea-
son: Unlike dead tissue, normal tissue contains
blood-—in particular, hemoglobin, the iron-con-
taining pigment in red blood cells. Laser light of
a certain frequency is reflected back from hemo-
globin in a characteristic pattern that differs from
that of light scattered from dead tissue. Recent
ORNL experiments on interlipid fluid (which
mimics hemoglobin) suggest that laser radar can
determine the extent and depth of burned skin.

Funded by the U.S. Army Medical Research
and Materiel Command, Allgood, Don Hutchin-
son, Roger Richards. and Bill Dress, all of the
1&C Division, have developed a light detection
and ranging (lidar) system that combines a co-
herent frequency-modulated continuous wave
laser with a unique configuration of optical com-
ponents. They have determined the differences
in reflection patterns for simulated dead and
healthy skin and recorded them in a data base for
the proposed laser treatment system.

They have prepared an algorithm that would
compare the real-time laser light reflection pat-
terns gathered by the optical components with
the stored data. The instant information will en-
able a computer to construct a three-dimension-
al image map that shows where dead tissue meets
the healthy blood layer below the burn. Using
the lidar map, the computer will precisely guide
a pulsed laser in a less traumatic “burning™ of
the dead tissue. leaving the healthy tissue intact.

“We believe.” says Allgood, “that this tech-
nique will hasten the healing of burn patients.”


































B. Grann, Timothy J. Mclntyre, Matthew B.
Scudiere, Marc L. Simpson, David N. Sitter, and
Todd V. Smith.

Early prototypes were tested at National
Steel’s Midwest Steel Division in Portage,
Indiana. On May 31, 1998, the final version de-
veloped at ORNL was successfully demonstrat-
ed on a galvanneal line at the Bethlehem Steel
plant in Portage. The demonstration was part of
DOE's Technology Showcase held at this facili-
ty, where the system is permanently installed.

The new process should result in less sec-
ond-rate material and eliminate the need for costly
off-line tests to determine if the galvanneal coat-
ing is correct. Accurate, reliable temperature mea-
surements will ensure a quality product. reduc-
ing waste and saving energy. These
improvements, if implemented throughout the
U.S. steel industry, could save steelmakers as
much as $70 million a year, increasing their com-
petitiveness worldwide. And such a savings might
lead to more affordable cars or, at least,
larger earnings for the steel industry.

Inspection System for
the Textile Industry

Defective material, a grudgingly ac-
cepted by-product of textile production,
continucs to be a problem in the Ameri-
can textile industry. long a source of our
clothing, carpeting, medical dressings,
protective outerwear, and automotive air-
bags. Erratic loom operation and errors
in human inspection in U.S. textile mills
result in excessive. reduced-price, sec-
ond-grade merchandise. But technology
may soon be a boon to textiles.

Reducing costs through technology
is considered a key to making the indus-
try more competitive. Currently, offshore
competitors are a major economic threat.
Since 1980, the U.S. textile industry has
lost approximately 400,000 jobs to for-
eign manufacturers. If this trend continues, an-
other 600,000 jobs may be lost by 2002.

To stem these losses. ORNL. the Oak Ridge
Y-12 Plant, and other DOE laboratories have been
working with the U.S. textile industry to weave
new technology into textile operations. Under a
collaborative research and development agree-
ment (CRADA). a team of Oak Ridge research-
ers—including Glenn Allgood. Dale Treece. and
John Turner, all of ORNL's Instrumentation and
Controls (I&C) Division, have already helped the
American Textile Partnership. They have devel-
oped automated inspection for the weaving in-
dustry under the CRADA's Computer-Aided Fab-
ric Evaluation (CAFE) Project. Automated
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One-inch image plane of 28
pick goods is captured elec-
tronically for display. The cloth
has a horizontal and vertical
structure typical of all woven
material.
threads (fill varns) are the ones
imaged and analvzed by the
pick measurement device.

inspection is expected to improve quality and
lower costs, increasing worldwide demand and
market shares for U.S. textiles.

Today’s textile mills use high-speed looms
to weave yarn into cloth. Inspectors in the mill
manually feel and visually examine the cloth,
looking for defects. Sometimes they become fa-
tigued and miss the less obvious ones. Sometimes
defective material passes through the entire tex-
tile system into the marketplace. If the fabric’s
flaws are noticed by retailers or consumers, the
material is marked down or returned as a loss.

Because of current off-line inspection meth-
ods, potentially thousands of yards of defective,
off-quality material could be made before the
problem is recognized. Therefore, to provide
100% reliable inspection, the CAFE industry
partners asked the participating laboratories to
invent new technologies to automate and improve
the current process for inspecting fabric while it
is being woven. This was an immense task, con-
sidering that the U.S.
textile industry pro-
duces 5805 square
miles of cloth a year.

Oak Ridge re-
searchers led by All-
good first had to famil-
iarize themselves with
the complexities of
cloth and textile man-
ufacturing. “We had to
know about cotton and
polymers. different
weave types, and yarn
thicknesses,” Allgood
says. “We observed the
weaving process in
which horizontal fill-
ing, or ‘pick’ yarn, is
laid down at aright an-
gle to the “warp’ yarns
that run lengthwise
through the fabric. We
learned that the regu-

The horizontal

‘ larity and density of pick yarn—that is, the num-

ber of strands per inch—strongly affect fabric
quality and the amount of yarn used.”

So they set out to develop an optical device
to measure pick density and to locate in real time
fabric flaws—unexpected variations in the mea-
sured pick density, such as missed picks or picks
that are too close together or too far apart. The
result was the pick measurement device. which
is cheaper than conventional camera systems used
for textile inspection and easier to install on ex-
isting looms. The device uses a laser to bounce
light off the yarn with a set of cylindrical lenses
arranged to gather the reflected light and build
an image of only picks. not warp yarns. The im-

age on the array appears on a desktop computer
screen as a one-dimensional image of the fabric
with each pick represented.

An ORNL-developed algorithm enables a
computer to evaluate all the images, count the
picks, calculate their density, and spot density
variations. By matching these variations with
known flawed patterns, it locates and names de-
fects according to their classification. The com-
puter will sound an alarm and can display an elec-
tronic defect map in the textile mill control room
when flaws are first detected. Thanks to this near-
ly instant feedback, mill operators will be able to
correct loom operation quickly to minimize the
production of second-rate material. The map also
provides data on the amount and quality of ma-
terial headed for the mill’s “downstream process-
es” such as printing, dying. cutting, and sewing
operations. As a result, material yields are opti-
mized and second-rate material is not processed
for sale as a high-quality product. The pick mea-
surement device team received a Technical
Achievement Award at the 1998 Lockheed Mar-
tin Energy Research Corporation Awards Night
ceremony.

“We also developed an economic model so
that our industry partners would know what the
inspection system had to be able to do for the
price to make it a worthwhile investment for the
textile industry.” Allgood says.

The pick measurement device prototype
tested in Oak Ridge was installed in 1997 at the
Glen Raven plant in Burnsville, North Carolina.
1t was then moved to the Institute of Textile Tech-
nology (ITT) in Charlottesville, Virginia, for fi-
nal testing. The device has been patented and li-
censed to ITT. which—with the help of
Appalachian Electronic Instruments, Inc. in Ron-
ceverte, West Virginia—will manufacture, mar-
ket. and sell the device to the textile industry. The
cost of the commercial device is estimated to be
$1200 and the cost of using it is estimated to be
1% of that for a human inspector. It is believed
the device will tind widespread use in the textile
industry and will help make U.S. textile manu-
facturers more competitive in both U.S. and world
markets.

Defect Recognition for the
Semiconductor Industry

The U.S. semiconductor industry is reduc-
ing waste. raising its productivity, and lowering
its costs in producing electronic components for
computers, thanks to a software tool developed
at ORNL. Working with SEMATECH, which was
created in 1987 as a partnership between the U.S.
government and the semiconductor industry to
make the U.S. semiconductor industry more com-
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who will seek to determine the cause and time of
death. Time of death is particularly difficult to
pinpoint, but it is important to know to help de-
termine the victim’s identity (if unknown) and
to relate the crime to a possible suspect.

ORNL researchers are seeking a solution to
this problem. Stacy Barshick, an analytical chem-
ist in CASD. and her colleagues have been de-
veloping meth-
ods for identify-
ing chemical sig-
natures in a body
that may be used
to mark precise-
ly the time inter-
val since death.

“We will be
investigating the
chemical chang-
es that occur in
decomposing tis-
sues from the shirt.
brain, heart. lung, kidney, liver, and muscle hours
to days after death,” she says. This research is
made possible through a collaboration with the
University of Tennessee’s Anthropological Re-
search Facility, which provides cadaver samples.

ORNL researchers will investigate the
changes in the chemical composition (DNA, pro-
teins, lipids, and their degradation products) of
the different tissues as they decay. “We hope to
determine which changes may be related to the
time interval since death and in which tissues
these changes show up the best.” she says. “By
measuring the changes that occur at different
times in different tissue, we hope to find mark-
ers that will help forensic scientists establish the
time of death.”

The research is being supported by DOE’s
Office of Nonproliferation and National Securi-
ty. The researchers will use techniques such as
gel electrophoresis, liquid chromatography. gas
chromatography/mass spectrometry, and elec-
tronic aroma detection for this study. The ORNL
group hopes to come up with a body of knowl-
edge in time to help solve major crimes.

Video Imaging Tool for
Aiding Law Enforcement

In July 1995 in Chattanooga, Tennessee, a
clerk in a convenience store was shot and killed
during a robbery. The images on the videotape
from the store surveillance camera were frustrat-
ingly fuzzy. So the police detectives investigat-
ing the crime sent the grainy footage to ORNL.

Using an early version of a software tool
that forms a sharper image by extracting and com-
piling information from multiple images of the
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VITALE improves the resolution of video images. Here it
allows a police detective to read the word “Kansas” ona T

[

same subject, a group in ORNL's Instrumenta-
tion and Controls (1&C) Division were able to
show the police a clearer picture of subtle differ-
ences in the crime scene. As a result. the detec-
tives could see the suspect’s foot and a muzzle
flash from the suspect’s weapon, showing that
he had fired the gun in the store. Identification of
the muzzle flash discredited the suspect’s story
; to the police that
the weapon had
gone off acciden-
tally in a back
room scuffle
with the clerk.
The new evi-
dence led to a
guilty plea, a
conviction, and a
sentence of life
in prison without
parole. In this
case, the ORNL
technology also helped avoid a death penalty tri-
al that would have cost Tennessee taxpayers
$100,000 with no guarantee of a conviction.

ORNL's Video Imaging Tool for Aiding Law
Enforcement (VITALE) does more than detect
subtle changes in surveillance data. It doubles the
quality of the videotapes. which are often fuzzy
because they are recycled perhaps hundreds of
times. Using digitized frames of analog video-
tape, VITALE algorithms and other techniques
sample multiple views of the same subject and
“fuse” the video frames toeether to eenerate a
higher-resolution im-
age. Ken Tobin, lead-
er of the 1&C Divi-
sion’s Image Science
and Machine Vision
Group. who devel-
oped the technology
with group members
Tom Karnowski and
Tim Gee, says the
technique makes it
possible “'to get more
pixels out of the data
so that facial features
are sharper and li-
cense plates are more
legible.” The multi-
frame fusion technique, whose development is
being funded by the Department of Energy. has
enabled the researchers to make out words and
spots on T-shirts and details of facial features and
other identifying marks.

The ORNL software package will be tested
by the U.S. Secret Service in mid-1999 and re-
leased commercially to local and federal crime
tighters by 2000. Besides law enforcement ap-

man hidden in the truck.

Tim Hickerson und Vivian Bavlor operate the heartbeat
detector in an attempt to detect the presence of a hu-

plications, it also could be used to improve the
resolution of medical and satellite images.

Heartbeat Detector

It had been tried many times before. Hun-
dreds of prisoners had used this trick to escape
through the prison sally port without being seen
by the guards. They had hidden in a laundry truck
before it left the prison. So, when Cecil tried to
sneak out of the penitentiary this way. he was
surprised when the truck was stopped at the sally
port. A guard entered the truck and handcuffed
him. “How did you find me?” Cecil asked. It
was the heartbeat detector.” the guard said.

A scenario like this may actually have tak-
en place in a prison in Nashville, Tennessee.
which uses the heartbeat detector technology de-
veloped in Oak Ridge. Originally called the en-
closed space detection system, the heartbeat de-
tector was the project of a team of engineers at
the Oak Ridge Y-12 Plant, a nuclear facility that
stores large quantities of highly enriched urani-
um. In 1994, they began developing the heart-
beat detector as part of DOE’s “Portal of the Fu-
ture” project, whose goal is to create a system
that uses sophisticated devices and methods to
rapidly inspect trucks passing through vehicle
portals at key facilities. The original purpose of
the heartbeat detector was to prevent an intruder
hidden in a truck from sneaking through the Por-
tal of the Future, say. to steal weapons-grade nu-
clear material or to hold people hostage.

When the
heartbeat detec-
tor was being de-
veloped at the
Y-12 Plant, Steve
Kercel and Bill
Dress, both of the
1&C Division,
were asked to
solve a problem
mathematically
to ensure that the
device would ac-
curately detect
human heart-
beats amid vari-
ous background
signals. They developed the “fast continuous
wavelet transform algorithm™ for a ruggedized
portable computer linked to sensors.

The heartbeat signal is captured at the vehi-
cle’s exterior by a geophone, a device common-
ly used to detect small disturbances in the earth.
The sensor signal, which includes truck vibra-
tions from air currents and natural resonances. is
fed into the wavelet algorithm. If a heartbeat is
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Sepliisticated measurement tools ar ORNL's High Temperatire Materials

Laboratory (HTML) affer university and indusiey users advanced methods for chiaracte g
izing microstructures and determining properties of materials, These technigies include
electron microscopy, X-rav diffractomerry, laser flash diffusivicy, and infrared plicrograply.
At HTML connpreters control electron microscopes and neutron beam instramens used for
restelial stress measurements. Access to these instriments is provided to remate wsers, who
conrrol experiments, retrieve data, and interact with ORNL researchers from their desktop
computers. Above, Darathy Coffey participates in a videoconference with a remate user while
examining iron oxide powders using the new Hitachi 3-4700 scanning electron microscope in
HTML s Marerials Analvsis User Center, which is part of DOE'S national wser program.




