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Take Measurem
With Absolute

When it comes to your measurements, don't
guess...know. Look for detailed absolute accuracy
specifications before you buy.

Choose National Instruments products to get up to
0.0127%' absolute accuracy backed by:
v’ NIST-traceable calibration certificates
v/ Hands-free user calibration with
autocalibration software
v/ Global calibration services through:
* National Instruments
« ANSI/NCSL Z540-1 and ISO Guide 25
Certified Metrology Labs

Calibration removes measurement uncertainties introduced
by temperature drift and time, and is required to deliver

the specified accuracy.

National Instruments data acquisition meets your
needs for accuracy and calibration so you can
Take Measurements, Not Estimates

‘7 NATIONAL
INSTRUMENTS

R e e L0 R (800) 327-9894

Tel: (512) 794-0100 ¢ Fax: (512) 683-9300 ¢ info@ni.com

© Copyright 2000 National Instruments Corporation. All rights reserved. Product and company names listed are trademarks or trade names of their respective companies.
+ Accuracy specifications for NI 4351 temperature /voltage logger.
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Where do I find
Data Acquisition Products Online?

omega.com

...0f course

/
,Nlll!lllll!ll!‘HHH!/H“/

SV o ( Process Contro
On def Products Online!

E 1-888-BRé-TEeE"

Visit our Website or i) No. 506 e'ma”-'daS@Omega.COm

©COPYRIGHT 2000 OMEGA ENGINEERING, INC. ALL RIGHTS RESERVED.




Didn’t catch that high speed data?
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...the Dash 16 did!

Capture 16 channels at !
200 kHz per channel pRGme e iSed e ke o ]
® Sample Rates to 200,000 samples per second — =

per channel - You'll never miss a critical event

B 16 Channels with Universal Inputs for virtually
any signal

® Color Display for viewing signals in real time

W Real time, high resolution chart for immediate hard
copy of important data

B 16 Megabytes of high speed RAM for data capture
M ZIP Drive or Ethernet for data archive to PC

Dash 4u ash 5.7 AstroDAQ 2
Portable 2-Channel Recorder  Portable 4-Channel Recorder  Portable 8-Channel Recorder  32-Channel Rackmount Recorder Portable Data Acquisition System

)-Med Industrial Park t wick, Rhode Island 02893

' C Phone: (401) 828-4000  Toll Free: 1-877-867-0783 « Fax: (401) 822-2430
m ASt’O'Med, INC. G Toesnon vases 2o

TEST & MEASUREMENT DIVISION E-mail: MTGroup@astro-med.com * Web Site: www.astro-med.com/ds17
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¥ 2000 Digi-Key Corporation

Rated #1 by...

= Purchasing ‘

= Design Engineering

= Design Engineering Management
= Corporate Management ’

Best Web Site by all four catéfories!

* Distribution Trends 2000, Cahners Electronics Group
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SGI is the world leader in
graphics technology for full-scale

3 60‘degree virtual reality
air traffic control towers

SGI and NASA Ames Research Center
have created the air traffic control tower
of the future—today.

NASA FutureFlight Central provides the ability to
virtually test and prevent potential air and runway
traffic problems. The possibilities of this technology are
limitless. It could enable control towers to collaborate in
real time with international airports, visually predict and
therefore prevent commercial flight delays or accidents,
and even manage interplanetary traffic control some day.

By using the Silicon Graphics® Onyx2® visual
workstation to process complex 3D graphics, imaging,
video, and satellite data in real time, the system can
portray any airport in the world in realistic 360-degree
high-resolution images

. 13 : C\A/ af Aienla
Win a Silicon Graphics™ 1600SW flat panel display.

Visit our Web site to find out more how SGI Federal can help you see the future. While you're

there, enter to win one of our award-winning flat panel displays. Complete contest rules are

located at www.sgifederal.com.
I
www.sgifederal.com S 1 f d l
ffc.arc.nasa.gov e e ra
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THey cawL it DESIGN, L TR

YOU CALLIT ENGINEERING
IT'S ALL

ILLUSTRATION
TOUS.

Whether it's detailed 2D technical
illustration or sophisticated 3D
modeling, Deneba has a solution
that places the power of design in
your hands. With illustration tools
SO precise, yet so intuitive and
natural, you'll create drawings
that are out of this world.

-

Canvas has been the choice of technical illustrators

and engineers encompassing every major industry for *
‘over a decade.*That's because only Canvas integrates
the flexibility of an illustration package with the
precision and tools of professional engineering software.
Customizable dimensioning tools, numerous precision snap
options, powerful guide layers and an incredible array of
import filters (including C6M, CGM*PIP', DWG, DXF and
IGES) make Canvas the ideal environment for drawing
with exacting detail. Plus, with exclusive Sprite technelogy
giving you the power to apply transparency effects
and image filters to any object, you can bring those
illustrations to life with stunning photo-realism.

If you see your world in 3D, DenebaCAD is the perfect
solution for visualizing and presenting your models. With
the most accurate AutaCAD 2000 file format translation
t t available, you can import your models or create them
?:]mc;?gss osgay from scratch. Then use DenebaCAD's ultra-fast rendering

engine to quickly map materials, perform light studies

and create virtual reality walkthroughs.
Design + Model = Vispalize Canvas and DenebaCAD.
, Get DenebaCAD today lllustration and visualization
‘ ; software for engineers.

No comparison.

www.deneba.com/ntb

,‘ pthing but Deneba Canvas 7 and DenebaCAD 2. Canvas, SpriteEffects, SpriteLayers, DenebaCAD
QeyBtems. Inc. For more information send email to sales@deneba.com. T CGM PIP filter sold separately. DENEBA

A

Bftware. W
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All you need to do FEA within CAD
$975

uAutOdeSk. T Voyager PARAMETRIC

S S A TECHNOLOGY
Registered Developer CORPORATION
Pro/PARTNERS

COOPERATIVE FOPTRARE FROVIDER

All trademarks may be trademarks or registered trademarks of their respective owners.
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CO ntents continued

* 61 Machinery/Automation

61  Path-Planning Program for a Redundant
Robotic Manipulator

(@ 64 Physical Sciences
64  Soaring to 100,000 ft on Stratospheric
Mountain Waves

66  Designing Purging Flows of Clean, Dry Gases

“i 67 Books and Reports

67  Update on a Progressive-Failure-Analysis
Software System

67  Simulations of Evolving Transitional
Mixing Layers

67  Simulations of a Transitional Droplet-
Laden Mixing Layer

67  Thermodynamic Instability of
In,Ga;.,As/GaAs Quantum Dots

This document was prepared under the sponsorship of the National Aeronautics and Space
Administration. Neither Associated Business Publications Co., Ltd. nor the United States Gov-
ernment nor any person acting on behalf of the United States Government assumes any lia-
bility resulting from the use of the information contained in this document, or warrants that
such use will be free from privately owned rights. The U.S. Government does not endorse any
commercial product, process, or activity identified in this publication.

PRODUCT OF THE MONTH

The webDAQ/100 from Capital
Equipment Corp., Billerica, MA,
combines A/D and D/A hard-
ware with a built-in web
server for data acquisition

and download.
ON THE COVER

The IP340 IndustryPack® is an analog
input module from Acromag, Wixom, MI
(www.acromag.com), that features two
eight-channel banks and eight A/D convert-
ers with simultaneous sampling capability.
ActiveX controls link 1/0 data to desktop
applications used to display and record
data. The IndustryPack is one of six new
products described on page 36 as part of
this month’s Special Coverage on Data
Acquisition, which begins on page 28.

(Photo courtesy of Acromag)

Permissions: Authorization to photocopy items for internal or personal use, or the internal or
personal use of specific clients, is granted by Associated Business Publications, provided that
the flat fee of $3.00 per copy be paid directly to the Copyright Clearance Center (222 Rose
Wood Dr., Danvers, MA 01923). For those organizations that have been granted a photocopy
license by CCC, a separate system of payment has been arranged. The fee code for users of the
Transactional Reporting Service is: ISSN 0145-319X194 $3.00+ .00

LRI The Bty Dealf

Introducing the World's First Miniature NIST-traceable Lamp for Optical Fibers

The LS-1-CAL NIST-traceable Fiber Optic Light Source provides
the user with absolute spectral intensity values vs. wavelengths --
at the fiber entrance port. Imagine ... a calibrated source for
optical fibers! Here are some other benefits:

* Low cost. At $549, the LS-1-CAL is thousands of dollars less
than conventional radiometric standards.

* NIST-traceable calibration. Included is calibration data for the
lamp's spectral output from 300-1050 nm.

* Small size. "Portable" best describes the LS-71-CAL. It will
operate from any well-regulated 12VDC power source, and
it's small enough to fit into a shirt pocket.

* Integrating sphere option. Lamp couples to fiber optic
integrating sphere and spectrometer to measure LEDs.

Tull o (F28) 1352830

cean
ptics, Inc.

Fax: (727) 733-3962
E-mail: Info@OceanOptics.com
Web: www.OceanOptics.com
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FASTEST SAMPLING
DEEPEST ACQUISITION MEMORY
MOST POWERFUL SOFTWARE

ERR o
e

N 1 25Ms/sm

CompuScope 1602

CompuScope 82G

= 2 GS/s Sampling = 16 Bit, 2.5 MS/s
on one Channel A = 75 dB SNR
= 1GS/s S li ?n
's Sampling 4 = 1 Billion Samples On-Board
on 2 Channels ?é Acquisition Memory
= PCl Bus Card ] = PCIBus Card
2
@
SDK for LabVIEW Windows SDK for C++
SDK for MATLAB

Linux SDK coming soon

_choms p— w’m 32 BIT 100 MHz DIGITALINPUT

L

2 Gigabyte On-Board = —— CompuScope 3200
Acquisition Memory e e = 32 Bit, 100 MHz
= 8 bit, 500 MS/s A/D Sampling aes Digital input Card
4 = GageBit Digital /O
32 98,100 M5/ A Rempling (Windows 95, 98 and NT) Software for Ease-Of-Use
= 16 bit, 2.5 MS/s A/D Sampling World's Most Powerful Scope Software = 2 Billion Samples On-board
- 32 bn, 100 MHz Dlgm' |npl.lt mm“:ug-'n‘ for FFI'vmlng Acqulsmon Memory
= Supports PCI Bus Transfers AutoSave and Extended Math

= PCIl Bus Card
For Free Application Engineering

Call: 1-800-567-GAGE

¥
.

GaGea

www.gage-applied.com/ad/nasa700.htm
SR TT 9T pe T (i it e ToE ORI Rl A Tektronix Technology Company

From outside the United States contact: Gage Applied, Inc., Tel: +1-514-633-7447 Fax: +1-514-833-0770, e-mail: prodinfo@ gage-applied.com
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COMBINE
MULTIPLE
COMPUTER
& VIDEO
SIGNALS ON
A SINGLE
SCREEN

SUPERVIEW

DISPLAY UP TO 10 INPUTS
IN REAL-TIME & FULL COLOR

Multiple live video & computer
images on a single screen

Overall system resolution
up to 1600 x 1200

NTSC, PAL, S-Video & computer
inputs up to 1280 x 1024

Independent scale, position
& zoom for each input

Front panel and RS-232 control
Computer on video overlays

Models with up fo 10 computer
and/or video inputs

Control software for Windows 95/98/NT

Visit our web site hitp://www.rgb.com

Display muitiple live video images
and even multiple computer inputs
on a single monitor or projector.

Designed for maximum flexibility, the ‘
SuperView system is an excellent solution }
for applications in command-and-control, |
simulation, teleconferencing and multime- ‘
dia display.

RGB SPECTRUM®

a visual Y™
950 Marina Village Porkwoy
Alameda, California 94501
Tel: (510) 814-7000
Fax: (510) 8147026 ég%
E-mail:sales@rgb.com

mail:s g -

For More Information Circle No. 411

® TECH BRIEFS BEA

www.nasatech.com V
Published by : Associated Business Publications
Publisher - . ...Joseph T. Pramberger
Chief Editor.......... e oesYiette reverieno Linda L. Bell
Associate Publisher, Photonics Tech Briefs e Linda Silver
Editor, Market Focus Editions.. ..Robert Clark
i1, LT PR P S S Sl R e .SUZaNNe Bilyeu
Assistant Editors........ s e Laura Rad Alyssa Shei I

Production Manager . .Margery Koen
Assistant Production Manager ...John Iwanciw
ATt DIECIOY .., ¢ s iniivis % .......Lois Erlacher
Production Artist Christopher Coleman

Circulation Manager ...Hugh J. Dowling

BRIEFS & SUPPORTING LITERATURE: Written and produced for NASA by
Advanced Testing Technologies, Inc., Hauppauge, NY 11788

Technical/Managing Editor ... Ted Selinsky
Sr. Technical Analyst............cccccvcimeninisiasinans ..Dr. Larry Grunberger
Art Manager .........co..ocoeerereene y ...Eric Starstrom
Staff Writers/Editors................. Dr. Theron Cole, George Watson
TN - cxcnememsasrt ek tess s o devios Srime o i ...Robert Simons

Editorial & Production... ...Joan Schmiemann, Becky D. Bentley

NASA:
NASA Tech Briefs are provided by the National Aeronautics and Space
Administration, Technology Transfer Division, Washington, DC:
Daniel S. Goldin
....Dr. Robert Norwood
e Carl Ray

Administrator . fusi
Director, Commercial Technology
Publications Director .....................

ASSOCIATED BUSINESS PUBLICATIONS INTERNATIONAL
317 Madison Avenue, New York, NY 10017-5391

(212) 490-3999 FAX (212) 986-7864
Chairman/Chief Executive Officer.......................
President/Chief Operating Officer .....

...Bill Schnirring (bill@abpi.net)
o ...Domenic A. Mucchetti
..... ey T e ...Ted Morawski

MIS Manager
T L R O £ R e / .......Albert Sunseri
Credit/Collection ................. ....Felecia Lahey

..Lourdes Del Valle
...Sylvia Ruiz

Human Resources Manager ...
Office Services Manager ...........ccocvveevcrunvens

NASA TECH BRIEFS ADVERTISING ACCOUNT EXECUTIVES
Headquarters....

o ... (212) 490-3999
CT, MA, NH, ME, VT, RI, Eastern Canada...

.....Ed Marecki
at (401) 351-0274
NJ, NY, PA, DE ... e ieasyeainds Jim Oot

at (973) 316-9695
VA, MD, DC, NC, SC, GA, FL, AL, TN, MS, LA, AR, OK, TX ...................Bill Manning
at (770) 971-0677

NN N0 S0 W T S T s N Bob Casey
at (847) 223-5225
IN, KY, MI, OH, MO, KS, IA, NE, Western PA & NY, Central Canada ........Chris Casey
at (847) 223-5225
NGO GO iissssssssisaosnins R AN
at (800) 830-4351
et VAR T I S Sl e e SR T
at (949) 642-2785
WA, OR, ID, MT, WY, UT, Western Canada ....Bill Madden
at (503) 224-3799
S. Calif., Photonics Tech Briefs. Linda Silver
at (310) 247-0317
Internet Advertising ....Luke Schnirring
at (212) 490-3999
TechDeck Postcard Advertising ....Erving Dockery
at (212) 490-3999
Air Force Research Laboratory (AFRL) Technology Hornzons.. ...Steve Camac

at (212) 490-3999

For a complete list of staff e-mail addresses,
visit www.nasatech.com

NASA Tech Briefs, July 2000



You do the math T
AS

—
—

: 200,000/2 000,000 - /10

e o
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NASA

Team

Commercial
Technology

NASA’s Technology Sources

If you need further information about new technologies presented in NASA Tech Briefs,
request the Technical Support Package (TSP) indicated at the end of the brief. If a TSP is
not available, the Commercial Technology Office at the NASA field center that sponsored
the research can provide you with additional information and, if applicable, refer you to the
innovator(s). These centers are the source of all NASA-developed technology.

Ames Research
Center

Communications,
and Intelligent
Systems;

Human Factors.
Carolina Blake
(650) 604-1754
cblake@mail.
arc.nasa.gov

Dryden Flight
Research Center
Selected techno-
logical strengths:
Aerodynamics;
Aeronautics Flight
Testing;
Aeropropulsion;
Flight Systems;
Thermal Testing;
Integrated
Systems Test and
Validation.

Lee Duke

(805) 258-3802
lee.duke@dfrc.
nasa.gov

Goddard Space
Flight Center
Selected techno-
logical strengths:
Earth and
Planetary Science
Missions; LIDAR;
Cryogenic
Systems;
Tracking;
Telemetry;
Remote Sensing;
Command.
George Alcorn
(307) 286-5810
galcom@gsfc.

nasa.gov

Jet Propulsion
Laboratory
Selected techno-
logical strengths:
Near/Deep-Space
Mission
Engineering;
Microspacecraft;
Space
Communications;
Information
Systems;
Remote Sensing;
Robotics

Merie McKenzie
(818) 354-2577
merle.mckenzie@
Jjpl.nasa.gov

Johnson Space
Center
Selected techno-

logical strengths:
Artificial Intelli-
gence and
Human Computer
Interface;

Life Sciences;
Human Space
Flight Operations;
Avionics;
Sensors;
Communications.
Hank Davis

(281) 483-0474
henry.l.davis1@jsc.
nasa.gov

Kennedy Space
Center

Selected techno-
logical strengths:
Fluids and Fluid
Systems; Mate-
rials Evaluation;
Process Engi-
neering; Com-
mand, Control
and Monitor
Systems; Range
Systems; Environ-
mental Engi-
neering and
Management.
Jim Aliberti

(321) 867-6224
Jim.Aliberti-1@
ksc.nasa.gov

Langley Research
Center

Selected techno-
logical strengths:
Aerodynamics;
Flight Systems;
Materials;
Structures;
Sensors;
Measurements;
Information
Sciences.

Sam Morello
(757) 864-6005
s.a.morello@
larc.nasa.gov

John H. Glenn
Research Center
at Lewis Field
Selected techno-
logical strengths:
Aeropropulsion;
Communications;

Energy
Technology;

High Temperature
Materials
Research.

Larry Vitema

(216) 433-3484
cto@gre.

nasa.gov

Marshall Space
Flight Center
Selected techno-
logical strengths:
Materials;
Manufacturing;
Nondestructive
Evaluation;
Biotechnology;
Space Propulsion;
Controls and
Dynamics;
Structures;
Microgravity
Processing.
Sally Little

(256) 544-4266
sally.little@msfc.
nasa.gov

Stennis Space
Center

Selected techno-
logical strengths:
Propulsion
Systems;
Test/Monitoring;
Remote Sensing;
Nonintrusive
Instrumentation.
Kirk Sharp

(228) 688-1929
kirk.sharp@
ssc.nasa.gov

NASA-Sponsored Commercial Technology Organizations

These organizations were established to provide rapid access to NASA and other federal
R&D and foster collaboration between public and private sector organizations. They also
can direct you to the appropriate point of contact within the Federal Laboratory Consortium.
To reach the Regional Technology Transfer Center nearest you, call (800) 472-6785.

Joseph Allen
National Technology
Transfer Center
(800) 678-6882

Ken Dozier
Far-West Technology
Transfer Center

University of Southem

California
(213) 743-2353

Dr. William Gasko Gary Sera Chris Coburn
Center for Technology Mid-Continent Technology ~ Great Lakes Industrial
Commercialization Transfer Center Technology Transfer
Massachusetts Texas A&M University Center
Technology Park (409) 845-8762 Battelle Memorial
(508) 870-0042 Institute

Lani S. Hummel (440) 734-0094
J. Ronald Thornton Mid-Atlantic Technology
Southern Technology Applications Center
Applications Center University of Pittsburgh
University of Florida (412) 383-2500
(352) 294-7822

NASA ON-LINE: Go to NASA's Commercial Technology Network (CTN) on the World Wide Web at
http://nctn.hg.nasa.gov to search NASA technology resources, find commercialization opportunities,
and learn about NASA'’s national network of programs, organizations, and services dedicated to tech-
nology transfer and commercialization.

NASA's R&D efforts produce a robust supply of promising technologies with applications in many
industries. A key mechanism in identifying commercial applications for this technology is NASA’s
national network of commercial technology organizations. The network includes ten NASA field cen-
ters, six Regional Technology Transfer Centers (RTTCs), the National Technology Transfer Center
(NTTC), business support organizations, and a full tie-in with the Federal Laboratory Consortium
(FLC) for Technology Transfer. Call (609) 667-7737 for the FLC coordinator in your area.

NASA Program Offices

At NASA Headquarters there are seven major
program offices that develop and oversee
technology projects of potential interest to
industry. The street address for these strategic
business units is: NASA Headquarters, 300 E
St. SW, Washington, DC 20546.

Carl Ray Terry Hertz
Small Business Innovation Office of Aero-Space
Research Program (SBIR) Technology (Code RS)
& Small Business (202) 358-4636
Technology Transfer thertz@mail.hg.nasa.gov
Program (STTR)
(202) 358-4652 Glen Mucklow
cray@mail.hq.nasa.gov Office of Space Sciences
(Code SM)
(202) 358-2235
Dr. Robert Norwood gmucklow@mail.
Office of Commercial hg.nasa.gov
Technology (Code RW)
(202) 358-2320 Roger Crouch
morwood@mail.hg. Office of Microgravity
nasa.gov Science Applications
(Code U)
(202) 358-0689
John Mankins rcrouch@hg.nasa.gov
Office of Space Flight
(Code MP) Granville Paules
(202) 358-4659 Office of Mission to Planet
Jjmankins@mail. Earth (Code Y)
hq.nasa.gov (202) 358-0706
gpaules@mtpe.hq.nasa.gov
NASA's Business Facilitators

NASA has established several organizations
whose objectives are to establish joint spon-
sored research agreements and incubate
small start-up companies with significant

business promise.

Wayne P. Zeman
Lewis Incubator for
Technology
Cleveland, OH
(216) 586-3888

B. Greg Hinkebein
Mississippi Enterprise for
Technology

Stennis Space

Center, MS

(800) 746-4699

Julie Holland

NASA Commercialization
Center

Pomona, CA

(909) 869-4477

Bridgette Smalley
UH-NASA Technology
Commercialization
Incubator

Houston, TX

(713) 743-9155

John Fini

Goddard Space Flight
Center Incubator
Baltimore, MD

(410) 327-9150 x1034

Thomas G. Rainey
NASA KSC Business
Incubation Center
Titusville, FL

(407) 383-5200

Joanne W. Randolph
BizTech

Huntsville, AL

(256) 704-6000

Joe Boeddeker

Ames Technology
Commercialization Center
San Jose, CA

(408) 557-6700

Marty Kaszubowski
Hampton Roads
Technology Incubator
(Langley Research Center)
Hampton, VA

(757) 865-2140

If you are interested in information, applications, and services relating to satellite and aerial data for Earth resources, contact: Dr. Stan Morain, Earth Analysis
Center, (505) 277-3622.
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Introducing a completely
integrated, distributed workforce
enabling, global marketplace
exploiting, product development
accelerating, collaborative design
facilitating, business-to-business
generating sort of thing.

You.

prodeveloper.net helps you be all these things by providing the tools and services you need
to participate today’s global business-to-business product development marketplace.

e Like the world’s first true web-based CAD system (available on a monthly
_/ , subscription basis), PDM tools, virtual teaming and a worldwide network of
- contract designers, engineers and suppliers — just to name a few. So visit prodeveloper.net

today and experience for yourself the future of product development.

Go Global prodeveloper.net"

Powered by CollabWare
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UpFront
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apital Equipment Corp., Billerica, MA, has introduced

webDAQ/100, a web-based data acquisition device that

combines A/D and D/A hardware with web technology. With

a built-in web server, the system contains its own user interface.
The user plugs the system into a network connection, starts up their web
browser, and configures acquisition parameters, start and stop opera-
tions, and data reports. When data is required, it can be downloaded
directly into Excel. The system can be used with any computer that has
an Ethernet port, connected locally, or multiple systems can be used at
remote sites for unattended data logging. The unit features up to 32 MB
of internal RAM, 500 KHz throughput at 12-bit accuracy on 32 input
channels, eight D/A output channels, and the ability to sample at

multiple data rates simultaneously.
For More Information Circle No. 753

The Need for Speed

COmpulers used to work in milliseconds (1,000ths),
then went to microseconds (millionths), and now are
approaching nanoseconds (billionths) for logic operations,
and picoseconds (trillionths) for the switches and gates in
chips. “That’s great in theory,” said Dr. Donald Frazier of
NASA’s Marshall Space Flight Center in Huntsville, AL.
But, electronic signals, even with Very Large Scale
Integration (VLSI) and maximum miniaturization, “are
bogged down by many aspects of the solid materials they
travel through. So we've had to find a faster medium for
the signals — and the answer seems to be light itself.”
Light travels at 186,000 miles per second. In a billionth
of a second, or one nanosecond, photons of light travel
just a bit less than a foot. That would be perfect for doing
things very quickly in microminiaturized computer chips.
Newer advances, said Frazier, have produced a variety of

14 www.nasatech.com
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NASA Partners With
Veterans Agency

ASA and the Department of
Veterans Affairs (VA) signed an
agreement on May 30 to initiate a
NASA-operated voluntary patient safety
protection
system. By
forging the
alliance
with NASA,
the VA will
tap into
NASA’s
expertise on safety issues to implement
and operate a system for recording and
analyzing medical errors and “close
calls.” The VA operates 172 medical
centers that last year treated more than
3.3 million patients.
NASA will operate the VA Patient
Safety Reporting System that is
modeled after the NASA-administered
1 Aviation Safety Reporting System
1 (ASRS), which is funded by the Federal
‘ Aviation Administration (FAA). The
ASRS collects, analyzes, and responds
to voluntarily submitted aviation safety
incident reports in order to lessen the
likelihood of aviation accidents.
For more information, contact NASA
Ames’ Public Affairs Office at 650-604-
2162; the VA Office of Public Affairs at
202-273-6000, or visit www.arc.nasa.gov.

thin films and optical fibers that make optical interconnec-
tions and devices practical. “We are focusing on thin films
made of organic molecules, which are more light sensitive
than inorganics. What we are accomplishing in the lab
today will result in the development of super-fast,
super-miniaturized, super-lightweight, and lower cost
optical computing and optical communication devices

and systems,” Frazier explained.

The rapid growth of the Internet demands faster speeds
and larger bandwidths than electronic circuits can provide.
Frazier and Dr. Hossin Abdeldayem of NASA Marshall have
designed and built all-optical logic gate circuits for data
processing at gigabit and terabit rates, and they are
working on a system for pattern recognition.

For more information, visit Marshall's NASA Science News web
site at hitp://science. nasa.gov.
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NEW

DATA ACQUISITION

TOOLBOX
NOW AVAILABLE

Now you can
acquire data directly
into MATLAB.

’-E\e new MATLAB® Data Acquisition Toolbox makes it easy to acquire data directly into

MartLAB. This new toolbox allows you to communicate
with a variety of data acquisition devices, including

plug-in boards from National Instruments, Hewlett Packard

o
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VXI hardware, and PC sound cards. Acquire, analyze,

W
Po—

The new Matias Data Acquisition Toolbox  Visualize, and model from within the familiar, industry-
lets you read data directly from acquisition

hardware into MATLAB for analysis. standard MATLAB technical computing environment.

Act now. Get a free technical example, as well as complete product specifications.

Doy o Aecwins b !
e MATLAB ol o Dt

prorsoarirss ‘ To get your free technical example call us now at 508-647-7000, or visit our

-E | Web site at www.mathworks.com/ntba. MATLABJ

|

MATLAB and its
add-on toolboxes
provide support for
data acquisition,
signal analysis, and

visualization.
The
MATH
T
Inc.

Call 508-647-7000
or visit www.mathworks.com /ntha

We have a worldwide network of international representatives

Visit our Web site at www.mathworks.com/eur for more information
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NASA Tech Briefs

The NASA Tech Briefs web

igned to complement the magazine and its market-focus supplements by

offering a wide range of interactive features, including the ability to download free NASA technical reports, and access
daily industry news. To help you derive optimum benefit from our sites, we invite you to log on to www.nasatech.com

and take this guided tour.

n the lefthand side of the NASA

Tech Briefs home page are links to
the week’s news headlines, the current
“Who's Who at NASA” interview, and
NTB’s Product of the Month. To go
directly to one of these features, click on
the headline. Clicking on the word News
at the top of the column will take you to
the News Center page, where brief sum-
maries accompany links to each current
news story or feature. The News
Center is also a gateway to an
online library of articles. The
Previous Headlines link at the bot-
tom of the column brings up a list
of stories for the current and pre-
vious months. Articles on File, at
the top of the page, provides
access to every article that has
been posted on the News Center
since it began in April 1998. If you
are interested in having an OEM
tech brief published in one of our
market-focus supplements, click
on Submit a Tech Brief.

Now click back to the NTB
home page and look under
Features, just to the right of the
news column. At the top, you will
find Tech Briefs and download-
able Technical Support Packages,
which are exclusive to the NTB
sites. Every tech brief that has
appeared in NTB since January
1998 is now available online, list-
ed by category. The NASA
Technical Support Packages
(TSPs) provide detailed informa-
tion about the technologies
reported each month in NTB. At
the end of each tech brief, you'll
find the category under which
the TSP can be found on the web
site. These documents are available free
to U.S. citizens and residents, and can be
downloaded as PDF files. If you are a
new user, you will need to register online
(at the top of the TSP page) before
using this feature.

If you are not yet an NTB subscriber,
you can pause here to Subscribe
online. If you are intrigued by a hot
new product advertised in NTB and

16

would like to find out more, click on
Get More Information...FAST. The
Reader Forum invites you to share
questions and ideas with colleagues.
Those interested in NTB’s range of
print and electronic marketing tools
can review our online media kit by
clicking on Advertise.

To become an Insider, click on the
Free Newsletter button to the right of
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Features. Here, you can subscribe to the
NTB Insider, an e-mail newsletter that
delivers exclusive previews of upcoming
NTB articles, advance notice of online
and trade-show opportunities, and late-
breaking NASA and industry news. We
also offer special-focus newsletters cover-
ing photonics, CAD/CAE, and test and
measurement. Our new Eguide feature
provides a searchable, interactive data-

www.nasatech.com

base of suppliers, products, conferences,
and services. For a relatively small fee,
companies can add their own listings to
the database.

For access to other NTB-sponsored web
sites, scroll down the page to the Connect
heading, where you will find links to other
sites, including:

Photonics Tech Briefs Online provides
industry news and tech briefs on optics,
lasers, electro-optics, fiber-optics,
imaging, and test and measure-
ment from the Photonics Tech Briefs
market-focus supplement.

Rapid Product Development
Online is an all-digital publica-
tion covering tools and tech-
nologies for reducing the prod-
uct design cycle, including
rapid prototyping and tooling,
mold-making, and advanced
CAD/CAE solutions.

Electronics Tech Briefs Online
features highlights from the
Electronics Tech Briefs market-
focus supplement, including
information on components,
systems, software, and board-
level electronics.

AFRL Technology Horizons is
the online complement to AFRL
Technology Horizons magazine,
from the publishers of NASA
Tech Briefs, which features cut-
ting-edge technological innova-
tions from the Air Force
Research Laboratory (AFRL). If
you are not yet receiving this
new publication, you can sub-
scribe online.

Across the bottom of the
home page, you will find
another series of links, includ-
ing: About NTB, which will tell you
more about our magazine's history
and what we do; Links, which offers
connections to sites such as the NASA
Commercial Technology Network and
the NASA field centers; and Feedback,
which invites your comments and sug-
gestions. You can also send comments
to NTB’s Internet editor at suzanne@
abptuf.org.
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Reader Forum

Reader Forum is dedicated to the thoughts, concerns, questions, and comments of our readers. If you have a comment

a question

regarding a technical problem, or an answer to a previously published question, post your letter to Reader Forum on-line
at www.nasatech.com, or send to: Editor, NASA Tech Briefs, 317 Madison Ave., New York, NY 10017; Fax: 212-986-7864
Please include your name, company (if applicable), address, and e-mail address or phone numbe
Please include y y (if applicable), add d | add f ber

I am investigating existing ancillary uses
of Space Shuttle tile material. I was re-
ferred to the August 1996 issue of NASA
Tech Briefs (Mission Accomplished, page
20) for information on the subject. In
particular, I am interested in finding bio-
logical applications for this material.
Thank you.

Walter Mybeck
wrmybeck@hotmail.com

(Editor’s Note: Waller, the article you refer
to from 1996 concerned the application of
Space Shuttle Thermal Protection System
(TPS) blanket material as insulation against
heat build-up in a NASCAR Winston Cup
race car. Bruce Lockley, TPS Facility Manager
at Kennedy Space Center, directed that project.
You can contact him for information on other
applications for TPS at bruce.lockley-1@
kmail.ksc.nasa.gov, or visit the KSC web site
at www.ksc.nasa.gov.)

Technologies Wanted

This month, we feature more abstracts
of Demand Pull Technology Transfer
projects. These projects identify technol-
ogy needs within an industry segment —
such as Assistive Technology — and find
technology solutions to meet those
needs. The Rehabilitation Engineering
Research Center on Technology Trans-
fer, in partnership with the Rehabilita-
tion Engineering Research Center on
Wheeled Mobility, has developed the
Wheeled Mobility Project to identify
market needs like those described below
that represent significant business op-
portunities. For more details on the pro-

ject — or to submit technology solutions

— visit the project web site at www.rti.
org/technology/wheelchairs.

Improved Tires for Manual
& Power Wheelchairs

Common tire materials include rub-
ber, polyurethane, composite nylon, and

Kevlar-reinforced materials. An ideal tire
should have low rolling and turning re-
sistance, while offering high traction on
all surfaces. It should be non-marking,
maintenance-free, and should allow at
least 1,000 miles between service or a
one-year life under typical to heavy use.
The tire must be electrically non-con-
ductive to eliminate static buildup.

Battery Charger Technologies

Deep discharge wet and gel elec-
trolyte, lead-acid batteries are the stan-
dard power source for power wheel-
chairs. An ideal charger must be about
6 x 4 x 2" in size, and must charge both
types of batteries. It must meet or exceed
the ANSI/RESNA standard (Part 14) of
charging to 80% capacity in 8 hours,
while protecting the user from shock. It
should alert the user when charge level
decreases to 60% of full charge. The
charger should cost less than $50 - $70 to
manufacture.

Series 4000 (up to 300 L/min.) to measure air, and O2

... ideal for a wide range of applications

Low PRESSURI

Low Cost Measurement Solutions in
Laboratory and Installed OEM Versions for

¢ Research and Development
* Manufacturing Testing

* Quality assurance

* Laboratory Reference

-
|||||

TSI Incorporated
Flowmeter Division

St. Paul, Minnesota, USA

... from TSI, a worldwide leader
in air and gas flow measurement technology

For More Information Circle No. 412

Tel.: 651 490 3849

Fax.: 651 490 4053

Email: flowmeters@tsi.com
Web: http://flowmeters.tsi.com
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We’re known for breaking
new ground Iin space ...

May 15, 2000 - A John Deere model 9600 combine cuts the last crop of
barley from Spectrum Astro’s new 80 acre site in Gilbert, Arizona.

Today's industry leader in groundbreaking satellite design and technologies, Spectrum Astro, is altering
the competitive landscape with the construction of a new headquarters and state-of-the-art satellite
manufacturing facility. Over 274,000 square feet of space in the first phase, dedicated to building the next
generation of satellites to the highest standards of quality, faster and more reliable than ever. Designed
to be the most efficient satellite manufacturing, integration and test facility in the world. Specifically
designed to get programs like SBIRS Low, Wideband Gapfiller, GPS Ill and Discoverer |l ready on schedule
and to avoid the costly delays historically experienced in traditional satellite factories. Setting new
standards for producibility and production rate with the capacity to build and test up to 27 satellites
simultaneously. As well as providing the same low cost benefits to our lower quantity and demonstration
satellite customers. Located on 80 acres of land in Gilbert, Arizona, Spectrum Astro’s Factory of the Future
is the first greenfield development of a totally new aerospace manufacturing facility in this country since
1958. In fact, we’re building on some of the lowest-cost industrial ground in America. Which means greater
cost savings that are passed directly to our customers. And more affordable space flight programs. So
watch these pages for updates as our new facility comes out of the ground over the next year, and come

by and see us as we build the future of your satellite system from the ground up.

AFFORDABILITY THROUGH INNOVATION

{ SPECTRUMASTRO

: Contact Dan Toomey in the Program Development Office

" 1440 N. Fiesta Bivd. » Gilbert, AZ 85233 * Phone 480.892.8200  FAX 480.892.2949
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for Measurement
and Automation

flexible solution for
building high-performance
PC-based measurement
and automation systems
with CompactPCl.

Measure with PXI

e Automated test

e Computer-Based
Instrumentation

* Data acquisition

* Real-time control

» Process monitoring

* Machine vision/inspection

* Motion control

Connect with PXI

* OPC - industry standard
for connectivity

* Ethernet

* DeviceNet

* CAN

* FounpaTion Fieldbus*

* Serial

* GPIB

*PCMCIA carrier module required

Call today for your
FREE PXI Brochure

(800) 891-9622

Tel: (512) 7940100 * Fax (512) 6839300
info@ni.com
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Who's Who at NASA

Carl G. Ray, Executive Director

for SBIR/STTR Programs

arl G. Ray is the

NASA Executive
Director for the Small
Business Innovation
Research and Small
Business Technology
Transfer (SBIR/STTR)
programs, and is the
Source Selection Offi-
cial (SSO) responsible for their agency-
level oversight. Mr. Ray is also the NASA
Publications Director for NASA Tech Briefs
magazine.

NASA Tech Briefs: What are the goals of
the SBIR/STTR programs?

Carl Ray: As legislated federal research
and development (R&D) set-asides estab-
lished in 1982 (SBIR) and 1994 (STTR),
these programs enable the federal gov-
ernment to tap into the innovation and
efficiency of small, high-technology firms.
A major goal is to provide opportunities
for small businesses to participate in gov-
ernment R&D. Both programs also seek
to promote U.S. economic development
through private-sector commercial appli-
cation of government-funded R&D. A spe-
cific goal of the STTR program is to en-
courage small businesses to find and
partner with research institutions to de-
velop and transfer innovative technolo-
gies. Both programs also promote partici-
pation in technological innovation by
women-owned small businesses, and by
socially and/or economically disadvan-
taged businesses.

NTB: How do these programs help
small businesses grow?

Ray: They provide an entrepreneurial
opportunity and support in the form of
funding that can reduce the initial risk
and expense of serious R&D efforts that
are often beyond the means of small busi-
nesses, enabling them to compete on the
same level as larger businesses.

NTB: How do the programs benefit
NASA and the American taxpayer, and
what is NASA’s FY2000 funding for the

programs?

Ray: They furnish an effective resource
for the nation’s R&D arena, and the U.S.
retains the entrepreneurial pool that is
critical to meeting its R&D needs. NASA,

www.nasatech.com

which has participated in the SBIR pro-
gram since 1982, continues to report on
the expanding contribution of both the
SBIR and STTR programs in direct and
spin-off technologies, including those that
enhance NASA’s aeronautics and space
programs, improve our environment, ad-
vance medical treatment, and increase
our ability to manage the “information
age.”

NASA SBIR funding for FY2000 is $92.1
million; for STTR it is $5.5 million.

NTB: What are some of the major
technology areas covered in NASA’s so-
licitations?

Ray: NASA's SBIR Solicitation technol-
ogy areas (research topics) are aligned
with NASA’s four Strategic Enterprises:
Aero-Space Technology, Human Explo-
ration and Development of Space, Earth
Science, and Space Science. The Enter-
prises are “corporate-like” strategic busi-
ness units that identify, at the most funda-
mental levels, unique sets of goals,
objectives, missions, and programs repre-
senting what NASA does and for whom.
Research topics and subtopics are devel-
oped and placed in each solicitation, or-
ganized according to the Enterprises.

NTB: What is the key to a winning
proposal?

Ray: In general, it is the degree to which
the idea submitted is innovative, pre-
sented with convincing scientific or tech-
nical merit, soundness of proposed plans,
and potential for commercialization.

NTB: How can newcomers find out
more?

Ray: The best way to gain informa-
tion about the NASA programs in gen-
eral is through the NASA SBIR/STTR
web site at: http://sbir.nasa.gov. The
Small Business Administration (SBA)
also organizes several national and re-
gional SBIR conferences every year.
The NASA centers each have SBIR pro-
gram offices and Commercial Technol-
ogy Offices, and information can also
be found online at http://nctn.hq.
nasa.gov/directory/index.html.

A full transcript of this interview is available
at www.nasatech.com. Mr. Ray can be reached
at cray@mail. hg.nasa.gov.
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CANYOU SEE
THE DIFFERENCE?

If you haven't already figured it out,
look closely at the display on each InfoStation™ The only
difference is the company name. On June 1, 2000, StorCase™
Technology, Inc. was launched as a sister company of
Kingston Technology, the world's largest 3rd party memory
manufacturer. The name may be different, but you can expect
to receive the same great quality products, service and support
that you have relied on from Kingston's Storage Products
Division for the past 12 years.

StorCase will continue to provide customers with flexible
enclosures that meet long-term storage requirements. It was
with the customers’ future storage needs in mind that

www.storcase.com

StorCase developed the InfoStation, a modular, self-monitoring,
9-bay RAID chassis. With upgrade slots for adding upcoming
optional RAID, NAS, SES and SAF-TE controller modules,
InfoStation is ready for the future when you are!

For more information about InfoStation or future StorCase

plans, including the addition of 24/7 service, call one of our
representatives today at (800) 337-8421.

¥ StorCase

TECHNOLOGQOY

A Kingston Technology Company

Soranis.

ey, CA 92708 USA (714) 438-1850 Fax (714) 438-1847_ All nghts reserved. All registered
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Maple 6: The Analytical Ehgine

Steven S. Ross

Over the years, Maple has become
somewhat of a standard for equation
processing. Like Mathcad, TKSolver,
and Mathematica — among many other
packages — it allows users to enter for-
mulas in common math notation, and
it allows output in numeric or graphi-
cal forms. But its polished interface
and range of math functions will be
compelling for many users, especially
when data must be calculated super-
carefully.

Maple (from Waterloo Maple, On-
tario, Canada) starts with more than
3,000 functions built in. There’s plenty
of flexibility for solving everything from
linear algebra (including vector math),
to calculus and differential equations. It-
erative and recursive programming is
also fairly easy, using Maple’s FOR-
TRAN-like programming language.
Users familiar with common languages
such as C, BASIC or Pascal should have
little difficulty navigating in Maple.

Maple 6 offers big improvements over
earlier versions in interoperability —
you can even run it inside Excel 2000.

Figure 1. The entry screen within Excel. Note the
mandatory defining of plot limits.

You also can link external libraries of
legacy code to programming done in
Maple’s own language. And, you can ex-
port Maple work in RTF (rich text for-
mat) to Microsoft Word and other word
processing programs. Maple 6 also uses
the Numerical Algorithms Group
(NAG) solvers — more than 100 func-
tions were added to Maple’s linear alge-
bra package to use them.

Maple has long allowed users to spec-
ify the number of decimal places needed
in answers. A dirty little secret was that
the computational methods were not en-
tirely standard. Now all floating point
computations are IEEE 754 compliant.

22

> plot3dl| sinls), cos(s)®sin(t), sin(t)]
> g1 .PL, L=-Pi _Pi)

Figure 2. The same function as in Figure 1, done
directly inside Maple 6.

In operation, you can use Maple as a
fancy calculator — entering actual val-
ues into the function you specify. But as
with spreadsheeting and programming,
it usually is preferable to enter symbols
and then assign values to the symbols. A
little bit of extra typing provides
reusable functions and results that are
easier to audit. If you specify floating
point computations for even one vari-
able, the IEEE standard requires that all
variables calculate to the same precision.
This can slow things down. But Maple’s
calculation engines are quite fast any-
way. Unless you are running big matrix
problems, or find that speed has become
an issue, don’t worry about fine-tuning.

Once you have Maple, you keep think-
ing up things for it to do. During the re-
view period, I started using it to convert
among decimal, hex, and binary nota-
tions (BASIC wants base 10, while HTML
wants hexadecimal notation). The func-
tion is “convert (base-10 number, base,
n).” There also are about 30 Gaussian in-
teger functions, a whole statistics package,
and a set of financial functions.

The Excel link is not perfect, unfortu-
nately. It works well if you are careful to
get your input right in the first place
(Figure 1). If you make a mistake, how-
ever, you get a cryptic error message —
it is dumped into a cell in the spread-
sheet. In Excel, you can’t go back and
touch up a bad entry screen, either. You
can try to fix the mess in Excel’s formula
bar, but only the most obvious typos will
be trackable. You probably will have to
enter the whole function again. For
graphical-output problems, that's a par-
ticular chore because there’s so much to

www.nasatech.com

fill in. You should be able to recall of-
fending data entry screens.

The moral: Do your prototyping in
Maple itself (where there’s less to fill in,
you can touch up your work, and you
benefit from good error-handling) and
leave the Excel link for feeding data ta-
bles into Maple-developed functions.

Why Maple over other competent
products in the same or overlapping cat-
egories? I've often thought of Maple as
the tool for techies who are really serious
about understanding the math they use.
There’s even a “simplify” command that
cleans up redundancies in sloppy ex-
pressions, and a “factor” command that
factors polynomials. They're great for
getting to the bottom of expressions and
really understanding what’s going on. It
is no wonder the package is used to

Figure 3. The same function, with a minor
typo — “plot3D” instead of “plot3d.” Users get
used to the non-action in these cases and hunt
for errors. But there’s no message to guide
them. Note that the system, by default, gener-
ates a “standard notation” version (blue) from
the “Maple notation” that was entered. You
could also enter in standard notation.

teach calculus and differential equations
at many colleges. Also, Maple graphics
are first-rate. That’s one reason to use it
inside Excel in the first place. You can
supplement, or supplant, the ugly, bug-
ridden Excel standards.

Maple is available on many platforms,
including Windows (DEC Alpha chip as
well as Intel), Macintosh, and many
UNIX variants. We reviewed in Windows
98 and NT on machines as slow as 200
MHz with 64 MB of RAM running fairly
large problems. The program is respon-
sive even on these older boxes. The US
single-user retail price is $1,695; multi-
user and upgrade pricing is available at
www.maplesoft.com.

Steve Ross is an associate
professor of professional prac-
tice at Columbia University's
Graduate School of Journalism,
where he runs the science writ-
ing program and teaches analyt-
ical journalism.
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The abuse we™ ake - 7 X,

just to get a. measufément, =

8511R Pressure Transducer.

Ideal for high pressure applications such as
airbag studies, hydraulic systems and explosive
devices. Available in ranges of 5000 to 20,000
psig with full scale output of 500mV.

7264C Piezoresistive Accelerometer.
This rugged sensor has the exceptional
resolution to detect both long and short
duration shocks accurately with 2000 g

full scale range. Weighs only one gram

If it’s vibration, pressure or shock, we can measure it.

We've been taking abuse like this for over 50 years. And loving every

minute of it. There's nothing we won't do to help you get the answers WH HT C n N WE D o
you need. Our accelerometers and pressure transducers are not only 9
FOR YOU TODARY

used in crash tests, sled tests and airbag studies, they're used throughout
the world - in aerospace, automotive, aviatio fense, industrial, marine,

medical, electronics and laboratories. And we are constantly adding

<

ENDEVCO‘

new sensors and features to meet your evolving needs. All of which boils

down to this: If you've got a challenge, call the dedicated people of

Endevco. We're ready to work for you.
www.endevco.com/rd2

applications@endevco.com

E MEGG' I l Frank/Applications Engineer 800/982-6732 « 949/661-7231 fax
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G‘) Commercialization Opportunities

Portable ECG/EGG Data
Recorder

A portable electronic unit monitors
and stores 48 hours of myoelectric activ-
ity of the stomach and heart. The unit
can be readily worn on a belt or fastened
to clothing in other ways so as not to in-
terfere with normal activities.
(See page 30.)

System Locates Lightning
Strikes to Within Meters

This system, using at least three re-
ceivers to record electric-field and
acoustic measurements, can locate light-
ning strikes with significantly greater ac-
curacy than earlier systems that could
produce errors of more than 0.5 km.
(See page 38.)
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Flip-Chip W-Band Amplifier: a
Prototype of Q-MMI

Bump bonding a high-speed, low-
noise HEMT onto the passive portion of
the amplifier circuit on a GaAs substrate
results in an economical alternative to
MMIC. Savings are realized via better
use of cheaper substrate areas, easier
mixing and matching, reduced com-
plexity, and hybridizing the best-avail-
able active devices with passive circuits.
(See page 40.)

Automated Apparatus for
Testing Gyroscopes

A computer-controlled apparatus
called Gyroscope Automated Testbed is
designed primarily for testing vibratory
gyroscopes; however, by changing the in-
terface circuitry, one can test nonvibra-
tory gyroscopes and other devices that
can be subjected to noise analysis.
(See page 48.)

Enhanced Shield Against
Meteoroids and Orbital Debris

A “stuffed Whipple” shield is a light-
weight, inexpensive alternative to sim-
ple aluminum meteoroid/orbital-debris
shields. The new shield increases pro-
tection against hypervelocity impacts,
without significantly affecting spacecraft
design. This design could be of interest
to developers of armored structures and
vehicles.
(See page 54.)

High-Performance Zn Anodes
for Ag/Zn and Ni/Zn Cells

This invention will increase the use-
fulness and decrease cycle-life costs of
Ag/Zn and Ni/Zn cells in NASA Space-
Station-support applications. Batteries
with increased energy density and
longer cycle lives are always of major in-
terest to manufacturers of electronic
consumer products and portable med-
ical and military equipment, among
others.
(See page 56.)

Mechanism for Planar Manipula-
tion With Simplified Kinematics
The improved robot mechanism re-
sults in simplification of kinematics,
which in turn, results in reduced com-
putational burden in controlling the
manipulator.
(See page 58.)
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Lasers in On-Line Process Control
Arizona’s Standout Photonics Clusters

New Products — see page 24a




, The

!/ / inspiration
or our DualGhip

VET B

Not only is our ultraviolet DualChip Nanolaser the g
simplest on the market, it’s far superior at answering 3 R

Y

the need for short pulses at a high repetition rate.

The design of the JDS Uniphase DualChip Nanolaser is truly
inspired. With its new generation microchip and ability to
produce output from infrared to deep UV, this incredibly
simple nanolaser far surpasses the performance of other lasers.
And in case you need more proof, consider these benefits:

+ Solid state hermetically sealed design

* Reliable diode pumped operation

* 10-fold increase in peak power compared to original products
+ Cost efficiency

+ Stability

* Unparalleled compactness

* Passively Q-switched.

When you're at the leading edge of technology, you not only
need the most advanced products, but you also need a
supplier who's the leader in the field.

At JDS Uniphase, you'll find both.
Contact us. And in turn, be inspired by our simplicity of design.

T 1-800-254-2607
E: clbu@us.jdsunph.com
W: www.jdsunph.com

l~l JDS Uniphase
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BEYOND IMAGING

Be quick.

Can your I1CCD handle this?
Trigger from a pulsed source at 1 kHz.
2. Generate a sequence of gate pulses with different
delays and widths for each pulse.
3. Capture the resulting emission from every pulse.
No misses!

The Princeton Instruments Pl*MAX™ |CCD camera
from Roper Scientific can.

Our new integrated Programmable Timing Generator
(PTG™) gives you complete timing control for any gated
experiment, no matter how difficult. . .all with a simple-to-
use software interface. What's more, no external timing
box is required. It's just another way we make it easier

for you to get the results you need.

=y Contact us today for a demonstration.

ROPER SCIENTIFIC

PRINCETON INSTRUMENTS 3660 Quakerbridge Rood Trenton, NJ 08619 tel: 609.587.9797 email: info@roperscientificcom web: www.roperscientific.com
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The right eye for the job’

Take a look! Introducing the next
generation of compact, industrial black
and white analog video cameras from
Sony. The feature-rich XC-ST70/50/30
cameras are the right choice for
a wide variety of industrial,
microscopy and machine
vision applications.

* High Sensitivity using
2/3",1/2" or 1/3" CCD
with Hyper HAD® technology

* Small, lightweight design
* High shock and vibration resistance

» Simple and flexible trigger shutter
function

* All controls outside the camera

SONY.

* C mount

And that’s not all.

Each Sony XC-ST70/50/30 camera
includes a limited 3-year warranty,*
so you can deliver the quality your
customers are looking for.

www.sony.com/videocameras
1-800-472-SONY ext.753

'
3\

©2000 Sony Electronics Inc. All rights reserved. Reproduction in whole or in part without written permission is prohibited.

Sony and Hyper HAD are trademarks of Sony. All specifications are subject to change without notice.
* For details, contact www.sony.com/professional
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Announcing A New
Benchmark In Red Diode
Laser Performance

0.2 Watts to 5.0 Watts CW

Coberent offers the widest range of
power levels to meet your most
demanding large volume production
needs.

650 nm, 675 nm and 690 nm

We offer a broad range of visible
wavelengths for your scientific, thera-
peutic and entertainment applications.

0EM Components To
Microprocessor Systems

Strategic Integrated
Partnerships

The broadest range of products for
your applications. Whether you're a
systems integrator requiring OEM com-
ponents or a medical device manufac-
turer seeking engines for your designs.

We bave the strongest after sales
and support organization in the world.
When you buy our high-quality laser
diodes you also buy Coberent’s integrity,
quality and customer support.

Coherent, the world leader in high power red diode laser With unprecedented world-class vertically integrated manu-
technology, has a proven installed base spanning a wide range facturing capabilities, Coherent is positioned for rapid turn-
of applications from Cr:LiSAF pumps around on volumes both large and small. What's more, you'll
to medical therapeutic devices to find our applications lab and customer support staff responsive
entertainment lasers. to your needs—throughout the sales process and beyond.
We support your integration needs Contact your nearest representative for details on how
with off the shelf solutions ranging Coherent high power red diodes can help you achieve your per-

from single emitter OEM components formance benchmarks today.
to full feature microprocessor systems.

All Coherent red diode products are = COHERENT.

extensively field proven for seamless performance and superior

lifetime and reliability. SEMICONDUCTOR GROUP

5100 Patrick Henry Dr. Santa Clara, CA 95054 Ph: (877) 434-6337 Fax: (408) 764-4329 Email: csg_sales@cohrcom Web: www.diodes.cohr.com

International Offices
Japan: +81 (3) 5635 8700, Benelux: +31 (30) 280 6060, France: +33 (1) 6985 5145, Germany: +49 (6071) 9680, Raly: +39-02-34-530-214, UK: +44 (1353) 658 800
China: +86 (10) 649 39675, For Latin America and Australia: 408-764-4221, All other Pacific Rim countries: 408-764-4460, All other European countries: +49 6071 9682 20
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The SPIE

The Power of Lioht

Laser

SPIE Scholarships

\'\d \'C

and R&D applications

For machine vision,
industrial inspection
SNF, 05\(:_?\85 u
XS

SNF

SERIES

« Uniform intensity profile

Focusable

ESD-protected

Unbeatable lifetime

Rugged shock resistant design
Many patterns available

and Grants

The mission of SPIE’s scholarship and
grants program, established in 1978, is
to recognize, assist, and encourage,
through the award of scholarships and
grants, students with outstanding poten-
tial for long-range contributions to the
field of optics. SPIE’s Scholarship Com-
mittee evaluates applications and makes
final award recommendations to SPIE’s
Board of Directors.

Eighty-seven scholarships and grants

totaling $220,000 were approved for
award by SPIE’s Board of Directors at
the 1999 Annual Meeting in Denver,
RIES and the process will be repeated again
OEM ready fixed focus design this month at the 2000 Annual Meeting
Uniform intensity profile

ESD protected

Rugged shock resistant design

» Many patterns available

in San Diego. Last year’s amount was
augmented by $30,000 in student travel
contingency grants, awarded through-
out 1999 for students in need of travel
assistance to present papers at SPIE
conferences.
Application forms are now available
D LS via the SPIE web at www.spie.org/web/
courses/schol.html, or by writing to the
S ERE<E S SPIE Scholarship Committee, PO Box
* Do o (l)(r) ' l)l?’cls’l:llfllil;:glv\‘(\):l.lx' l(’(‘ifl:)(/\—i)(:(l )“‘(’(El;s(:_'\l-
* Rugged industrial-grade design tion@spie.org. The annual deadline for
* Focusable application submission is March 31,
Unbeatable lifetime 2001.

Information and application forms
for the Student Travel Contingency
Grant are available via the SPIE web at
www.spie.org/web/courses/schol.html#

Magnum
SERIES

= High power line generator for
power hungry applications

o Uniform intensity profile

* Visible red up to 750 mW @ 670 nm

e Infrared up to 4 W

grants, or by sending your request to stu-
denttravel@spie.org. All information
and an application form detailing your
need for funds must be submitted no
later than 10 weeks prior to the first day
of the SPIE symposium to which you
wish to travel.
For more information, contact SPIE,
www.spie.org; spie@spie.org;
1-360-676-3290; fax 1-360-647-1445.

...and we do custom.

I (_ l n I (_ For U.S. customers,

L JII\|1_.)  FOBWestChazy, NY
A STOCKER & YALE COMPANY 1-800-814-9552

35489 Ashby Street
St-Laurent, Quebec, Canada H4R 2K3
Tel.: (514) 335-1005  Fax: (514) 335-4576

www.lasiris.com

E-mail: sales@Iasiris.com
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Version 9.0, now with
scattering and ray splitting

ZEMAX

Optical Design Software

 ZEMAX is the perfect tool to layout, design, optimize, analyze, and tolerance refractive, reflective, diffractive,
~ sequential, or non-sequential optical systems. ZEMAX is simple to use, powerful, and affordable. See our web
,ksite,w\n.zemax com, for a demo version and detailed discussion of ZEMAX features!

| ZEMAX-SE: $1,000

ces: 3D placement of spheres, aspheres, toroids, holograms, gratings, Fresnels, more « Analysis: spot diagrams,
MT F, PSF, field curvature, drstortlon ray fans vugnettmg. diffraction, ghost focus, encircled energy, RI, footpnnt

S| mplus Effective automatic global optimization « Powerful "Hammer" optimization  Automatic glass
tensive macro language ¢ Gradient index materials ¢ Dispersive axial/radial gradients « Automatic test plate
ization « MTF tolerancing « Encircled energy optimization e Fiber optics coupling optimization « More...

: plui NOﬂ sequential ray tracing through 3D solid objects e Prism library  Real Fresnel lenses « CAD
, ted reflectors » Beam splitters, diffusers e Arbitrary 3D sources » Multiple ray splitting/scattering e
scattering on surfaces and objects  Polarization ray tracing « Multilayer thin films e Bulk and surface transmission
ent dispersive materials « Nonlinear thermal analysis and optimization with automatic set-up  User defined sur-
erands, tolerance statistics, apertures « Compiled analysis extensions » Tolerance scripting macros « More...

. Focus Software, Incorporated
. P. O. Box 18228, Tucson, Arizona 85731 USA
Tel: (520) 733-0130 Fax: (520) 733-0135
4 SOFTWwWARE, INc. WWW.ZEMAX.COM

ZEMAX is a registered trademark of Focus Software, Inc.
For More Information Circle No. 495




Lasers In
On-Line
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Side View

Figure 1. Schematic of the optical system used for darkfield
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Our Zeonex® polymer 1s so transparent
we shot this ad through 1t.

The photographer wasn’t happy when we placed a sheet of purity with their unparalleled strength, water resistance and
Zeonex® over his camera lens. But we knew that a polymer as stability across a broad range of temperatures and demanding
pure as this would be more than transparent. We were right, environments and you have ideal polymers for both optical and

polymers currently available. Combine their beats the competition flat.

Zeonex® and Zeonor® are the purest cyclo-olefin [ ON medical applications. See for yourself how Zeon

HENICALS

ZEONEX®*/ ZEONOR®

‘or more information on our Zeonex® and Zeonor” product lines, visit our website at www.zeonchemicals.com or call 877-ASK-ZEON

For More Information Circle No. 477 or Visit www nasatech com/da77
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images from digital area
and line scan cameras with
National Instruments
IMAQ" 1424 hardware and
IMAQ Vision software.

* 50 MHz pixel clock rate with
up to 200 Mbytes/s acquisition

* Up to 32-bit resolution
(color or gray-scale)

* Up to 80 MB onboard SDRAM
for buffering large images

* Advanced timing and triggering

* Multiple IMAQ board
synchronization

* Easily integrate and synchronize
data acquisition boards

* Driver software included

* Digital camera control

* Fast prototyping and
development with IMAQ Vision
Builder and LabVIEW™

NATIONAL
INSTRUMENTS'

ni.com/vision
(800) 811-2046

Fax: (512) 6839300  info@ni.com

Pz 0o

or ad_;ustmentofitl:
MTTR is minimized in th

insured by running the ]aser diodes at de-
rated levels. Testing has proven that after
18,000 hours of operation less than 8 per-
cent of laser diode current headroom has
been consumed (Figure 2).

Food Sorting

Sorting is used throughout the food in-
dustry to eliminate spoiled products, un-
wanted plant or animal parts, and foreign

Pump Diode Current vs. Operating Hours
40
Diode End of Life = 35 Amps
2 30
£
S
5
E 20
(&)
3
= —
0O ————
0 - -
0 10,000 20,000
System Hours

Figure 2. Test data for J20-MG-532C lasers show that after 18,000 to 23,000 hours of operation the pump diode

For More Information Circle No. 453

lasers are still far from their end-of-life current of 35 A.
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Meet the most
sensitive
member of
our family.

If you're looking for the strong, sensitive type, our radiometry option is really hot.

you've come to the right place. Because - MERLIN features interchangeable lenses,
when it comes to mid-wave ‘:5-'—(3;.,) a removable camera control button
infrared performance, no other . = panel, and remote control via
320x256 InSb based camera comes -E ,";: - N RS-232. And the electronics,
close to our MERLIN-MID®. Now = o ‘ - " software and user interface are

=  fully compatible with all of our
MERLIN cameras.
Find out about the
MERLIN-MID and our
entire family of full
spectrum IR cameras
by visiting our web
site today.

that’s saying a lot, but there's
more.

Need speed? The camera
provides both analog and 12-bit
digital images at 60 frames/second
in the 3.0-5.0 micron range, with a
temperature resolution of better than
25 milliKelvin (1/40t of a degree). You can
freeze high-speed events using snapshot mode he MERLIN-MID Infrared
integration times as short as 10 microseconds. Camera. who like

And if you want to measure temperature, the strong, sensitive type.

]
n l ou SEE US AT SPIE SAN DIEGO, BOOTH #747

SYSTEMS AND UNMANNED SYSTEMS

MERLIN-NIR MERLIN- MERLIN-LONG MERLIN-BOLO MERLIN-LAB
320x256 InGaAs 320x256 InSb 320x256 QWIP 320x240 pbolometer 320x256 InSb
(0.9ym - 1.7pm) (3.0um - 5.0pm) (8.0pym - 9.0pum) (7.5pm - 13.5pm) (Pour Filled Dewar)




Who’s
king Out

These lenses have been designed
using AV Technology, which maxi-
mizes the energy through the lens
without clipping any rays.

New for 2000, Janos Technology has
engineered lenses optimized for the IR
detectors of today and tomorrow.
Whether your need is immediate or
long term, small or large, we provide
the best possible service. Contact us for
price, availability and performance
information.

Let Us Sharpen Your Image!

STRIX

F 1l 1.4, Tum-14um
FL:13,25,50,75
and 100mm

SURNIA

F10.86, Tum-14pm
F.L.:25, 50,
and 100mm

ASIO

F12.3,3um-5uym
F.L: 13,25, 50,
and 100mm

ALBA

F14.0, 3ym-5um
FL.: 13, 25, 50,
and 100mm

imaging @janostech.com

JANGS

TE( H\()[()(:\ INC.

802.365.7714
www.janostech.com
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Figure 3. Schematic of the optical system used for food sorting.

object is identified by the system, it is
blown out of the product stream with an
array of air nozzles.

Multiple lasers at various wavelengths
can be used to allow the detection of sev-
eral different colors. Multiple beams
must be rendered colinear through the
use of dichroic filters before entering
the scan optics; colinearity is necessary
to insure that each laser is examining ex-
actly the same point.

The first step in selecting a laser
source for food sorting is to determine
the wavelength required to make the
necessary color differentiation. After
wavelength, the most important parame-
ters are output stability, beam quality,
and reliability. Output stability insures
consistent measurement, and beam
quality is required to maintain the
proper focused spot size.

The aircooled argon ion laser has
proved to be an advantageous source for
Barco, for many reasons. It can simulta-
neously supply two wavelengths (488 and
514 nm) that cannot be obtained from
any other source, and that are perfectly
colinear, thus eliminating the need for
beam-combining optics. Argon ion lasers
also provide the requisite amplitude sta-
bility, noise characteristics, beam profile,
and polarization characteristics.

The air-cooled ion laser currently
being supplied by Spectra-Physics for
this application has also been specifically
engineered for long lifetime, typically
performing within specification for an
average of 10,000 hours. These lifetimes

www.nasatech.com

have been achieved through the use of
high-efficiency mirror coatings, which
allow efficient operation with a low tube
current.

Spectra-Physics has also designed this
laser to minimize MTTR. The most in-
volved repair task involves putting a new
plasma tube into the laser head. These
tubes are prealigned at the factory and
precisely positioned in the head in the
field using locating pins. Thus only min-
imal system realignment is required
after tube replacement.

Maturing laser technology has re-
sulted in products with the reliability
and performance characteristics neces-
sary to meet the rigorous demands of
many on-line process control and in-
spection applications. Continued devel-
opment of more rugged and long-lived
lasers, especially based on all-solid-state
technology, promises to push the laser
into ever more diverse uses.

The authors of this article are Michael
Watts, product manager, OEM business unit,
and Donna Berns, marketing manager, com-
mercial lasers division, \])(’dm-Pln‘\'i(‘s Lasers
Inc.; Joe Danko, vice president of R&D and
engineering, and Rob Simpson, director of
sales and marketing, Inspex; and Johan Cal-
coen , R&D optics manager, and Marc van
Gerven, marketing manager, Barco Machine
Vision. For more information contact Waltls
at Spectra-Physics Lasers, 1305 Terra Bella
Ave., Mountain View, CA 94043; (650)
966-5761; mwatts@splasers.com; or Berns at
(650) 966-5808; dberns@splasers.com.
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IT stands ONEEES oWNe
IT's Top-of-THEIGINE. §

IT's THe NEXTAGENERATI

The all-new JFLEPLLIT:

Dense WDM Passive Component Test System
from EXFO, the Fiber-Optic Testing Specialists.

Complete automated DWDM component analysis is finally available with our
new 1Q-12004B DWDM Passive Component Test System. It is fast, accurate,
and flexible, yet uncomplicated and totally autonomous. We built it from
the ground up, drawing on our expertise as fiber-optic testing specialists
and system integrators and on your input to create a system that will get

your next-generation products qualified, tested, and out the door.

And that, in the final analysis, is the bottom line.

The forward-looking
DWDM system has arrived.

www.exfo.com ’\.

CORPORATE HEADQUARTERS Tel:(418) 683-0211 Fax: (418) 683:2170 EXFO AMERICA Tel: 1 800 663-3936 Fax: (972) 907-2297 we design the future.™
EXFO EUROPE Tel.- +33 1 34 63 00 20 Fax: +33 134 6590 93 EXFO ASIA Tel.- +81-3-5940-5410 Fax: +81-3-5940-5415

© 2000 EXFO Electro-Optical Engneering, inc. All rights reserved
For More Information Circle No. 493



IEEE 1394
Invades the
Industrial Realm

ts official name is IEEE 1394. It is also

called FireWire® by Apple and i. LINK®
by Sony, which has licensed this name to
several other companies. It was created
in the late 1980s as a digital technology
designed to satisfy the ever-increasing
demand for communications bandwidth
for video. It was also designed to simplify
and reduce the number of cables and
connectors between devices. Simple
one-cable connectivity has become a ne-
cessity brought about by miniaturization
and increasing device functionality as
ports have been reduced in size and
number.

The IEEE 1394 high-performance ser-
ial bus has already found its way into
consumer products and one day proba-
bly will link every digital appliance in the
house: TV, DVR, camcorder, high-fi-
delity stereo, computers, and peripher-
als. Now it is poised to make the same
impact on the industrial /scientific imag-
ing world.

Guaranteed Bandwidth,
Guaranteed Delivery

IEEE 1394 offers high-speed, bidirec-
tional transfer of high-volume digital
data. It moves up to 400 Megabits/sec-
ond of data, for applications requiring
guaranteed bandwidth (isochronous
mode), such as the delivery of video
streaming images in real time, or guar-
anteed delivery (asynchronous mode)
for the transfer of content-critical com-
mands and file transfers that are not
time-sensitive. Data transfer speeds are
expected to double this year, with a top
rate of up to 800 Megabits/second.
Rates of up to 1200 Megabits/second
are anticipated for next year.

IEEE 1394 is flexible and can be used
with “tree” or “star” network topologies,
connecting multiple devices together in
a dynamic unsupervised network. De-
vices can be linked by low-cost serial
cable with inexpensive four- or six-pin
connectors. IEEE 1394 allows for cable
lengths up to 14.8 feet and up to 236.1
feet between devices. Up to 16 hops are

12a

allowed between any two devices, and up
to 63 devices can share the same bus. A
single network can accommodate up to
1024 buses and 64,512 devices.

IEEE 1394 enables dynamic unsuper-
vised bus management by facilitating au-
tomatic nonmanual bus configuration
and reconfiguration. This includes auto-
matic address selection and hot con-
nect/disconnect of devices without loss
of data. If a device is added or removed

Speed plus Bandwidth

IEEE 1394 supports bidirectional
data transmission at speeds of 100, 200,
or 400 Mb/s (megabits/second), or ap-
proximately 10, 20, and 40 MB/s
(Megabytes/second). Future planned
transmission rates are 800 Mb/s (80
MB/sec) and 1.6 Gb/s (160 MB/s). By
contrast, the common USB (universal
serial bus) 1.0 interface only supports
about 1.2 Mb/s. The SCSI (small com-

Sony has adopted the IEEE 1394 serial bus for several of its industrial cameras, including the
DFW family shown ahove: from left, the DFW VL500, the DFW V500, and the DFW V300.

from the network, there is no need for
the system to reboot, and there is no
need for ID switches. Communications
within the network are peer to peer;
there is no need for a computer, just a
bus manager on the network. The net-
work can handle multiple CPUs and
such devices as cameras, printers, CD-
ROM drives, hard drives, and other stor-
age devices, greatly enhancing flexibility
and ease of maintenance.

www.nasatech.com

puter system instruction) interface sup-
ports a small number of devices on the
network while providing data transfer
at 5 to 30 MB/s with large, expensive
cables and connectors. Traditional
video interfaces such as SDTI and RS-
422 support rates of approximately 25
MB/s and 1 to 16 MB/s respectively.
SDTI and RS-422 also have the disad-
vantage of utilizing large, expensive
connectors, and have limited network-

Photonics Tech Briefs, July 2000



spots

Imagine all the uses of an infrared heat source that can be

PROICES S IEN G
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precisely controlled and directed with submillimeter accuracy.

Semiconductor lasers deliver this power in a compact, rugged,

electrically efficient package.

Opto Power is the leading supplier of high power
semiconductor laser products, supporting a wide range of industrial
applications. Our product line includes single emitters, arrays and
multi-bar modules, with output from a few watts to multi-kilowatts.

We specialize in developing customized solutions — designing products Curing

that are robust enough for the production environment and easy to integrate into existing Sealing

process equipment. These efforts routinely include tailoring package configurations, fiber StIppIng
characteristics and termination, heatsink options and output specifications to provide exactly SINEETEnS
the right combination of performance and price for each customer.

Don't just imagine it, make it happen by calling toll free, (877) 2BUY-OPC (228-9672).

3

OPTO POWER .. omic company

CORPORATION

3321 East Global Loop, Tucson, Arizona 85706 www.OptoPower.com
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Sapphire windows withstand sand,
water, most chemicals, and other
particles moving at high speeds.

 High visible clarity

* High strength and hardness

* Impervious to chemical attack

* Precision ground in variety of sizes
* Available with A/R coatings

Superior [qtlflli{)' products
((() and flawless service since 1921.
Meller Optics, Inc.

Call 800-821-0180 or fax P.O. Box 6001, Providence, Rl 02940
specifications to 401-331-0519  401-331-3717 e-mail: sales@melleroptics.com
ISO 9002 Registered www.melleroptics.com

For More Information Circle No. 468 or Visit www.nasatech.com/468

Want to get a grip on IR?

Quality test equipment is within your grasp.

@
Electro Optical

Industries, Inc.

859 Ward Drive » Santa Barbara, CA 93111-2960 « 805-964-6701 « Fax 805-967-8590
www.electro-optical.com

DEFINING INFRARED

14a For More Information Circle No. 457 or Visit www.nasatech.com/457

ing capability. On the horizon are in-
terfaces such as USB 2.x and Channel
Link™. USB 2.x has limited networking
capability and is computer-concentric,
supporting speeds of approximately 30
MB/s. Channel Link, the fastest of
these interfaces, supports 100 MB/s,
but has no networking capability—it is
strictly a point-to-point connection—
and it requires four or five pairs of ca-
bles and connectors to link devices.
Channel Link is a very specialized
connection, one usually used in video
applications.

The bottom line is that the IEEE
1394 interface supports more band-
width, flexibility, reduced cabling, and
lower costs than anything on the mar-
ket today.

In 1995, 1394 was officially adopted
by the Institute of Electrical and Elec-
tronics Engineers (IEEE) as a high-
speed digital interface among audio/
video products, personal computers,
and peripheral devices. It has also been
adopted as a standard by the Digital
Audio Video Council (DAVIC) for
home networks. The Digital Video
Broadcasters (DVB) and the Electron-
ics Industry Association (EIA) have also
adopted 1394 for digital broadcast re-
ceivers. In addition, IEEE 1394 is gain-
ing rapid acceptance in the industrial
and scientific arenas.

Sony and IEEE 1394

Because Sony saw IEEE 1394’s poten-
tial immediately, the company joined
the IEEE 1394 Trade Association in
1994. There are many working groups
within the trade association that are de-
veloping standards for digital cameras
for industrial markets. For example,
DCAM® Version 1.2 defines specifica-
tions on how 1394 cameras should
work. It has evolved to support new
triggering, partial scan interfaces, a
wider range of operating systems, and
connectors.

IEEE 1394 is graduating from theory
into practice in the world of imaging.
IEEE 1394 cameras are now used in
videoconferencing, photo kiosks, mul-
timedia, and ID badging and machine
vision/scientific applications such as
laboratory analysis and inspection sys-
tems. Among consumer products, it is
nearly a standard for most digital cam-
corders and personal computers. IEEE
1394 has spawned the consumer accep-
tance of PC-based DV home editing.

This year Sony introduced two digi-
tal eight-bit monochrome 256-gray-
scale cameras specifically designed for
high-resolution machine vision and sci-
entific applications. The Sony XCD-
SX900 camera delivers uncompressed
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video image output of 1.45 million
pixels (1280 x 960) at 7.5 frames per
second, for use with microscopes in
applications such as semiconductor
inspection. The XCD-X700 delivers 0.8
million pixels (1024 x 768) at 15
frames per second and is suitable for
digital inspection of high-end machine
vision applications such as the manu-
facture of auto parts.

Both cameras employ half-inch pro-
gressive scan CCD sensors with square
pixels. These cameras also have a par-
tial-scan function that allows output se-
lection of a smaller rectangular portion
of the full image to increase the frame
rate or reduce processing time. This is
particularly valuable in scientific appli-
cations, where only part of the image
needs to be captured before moving to
the next image.

The “one cable” 1394 connection
links the camera to a computer for all
image transfer, camera control and sta-
tus, and power. In fact, multiple cam-
eras and compatible devices can all be
connected via the IEEE 1394 bus to fur-
ther extend the camera’s suitability for
machine vision and other industrial
applications.

Into the Future

IEEE 1394 technology has brought
digital bandwidth, capability, and ca-
bling/cost savings to the high-resolu-
tion imaging market. Like Sony, other
companies have brought increasingly
powerful, feature-rich cameras to the
technology. Now very high-resolution
IEEE 1394 cameras, such as the new
Sony XCD series, have the capacity to
capture an entire detailed image (or a
reduced field image) and send it to any
other device on the network—PC,
printer, storage device—in one pass,
thereby eliminating the need for
framegrabbers, add-in boards, or multi-
ple passes to assemble a complete
image from several smaller fields.
These cameras can be externally con-
trolled and linked to other devices or
to each other.

The “glue” that brings PCs and 1394
digital cameras together is software.
Matrox and National Instruments are
two pioneers of application-oriented
software designed to enable users to
take advantage of the remote control
capabilities needed to set up machine
vision or laboratory analysis systems.
Windows® 2000 software is designed to
offer complete 1394 support (Windows
98 software offers partial support, pri-
marily for videoconferencing func-
tions). Other vendors are sure to follow
Microsoft’s, Matrox’s, and National In-
struments’ lead. As 1394 gains wider ac-
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ceptance in nonconsumer applica-
tions, more off-the-shelf application-
oriented software is expected.

As of this writing, IEEE application-
specific software development has not
yet caught up to high-end industrial/
scientific hardware, such as the Sony
1394 cameras. The user will need to
work with available off-the-shelf soft-
ware solutions, or seek out a consultant
or fellow early adopter to create an ap-
plication-specific high-resolution digi-
tal imaging solution.

Because 1394 is so new to the high-
end imaging marketplace, these con-
sultants are still relatively few in num-
ber. With the introduction of Windows
2000 and more application-specific
1394 software, this situation should re-
verse itself.

Like many new technologies, IEEE
1394 imaging technology in the ma-
chine vision/scientific arenas may at
present be the province of users who
demand a digital solution, who need
digital imaging for specific applica-
tions, or who may want to try it just to
“get their feet wet” with a prototype
while waiting for the next generation
of improved devices and shrinking
costs.

That next generation is not far off.
As was said above, Windows 2000 soft-
ware offers full IEEE 1394 support, and

other software vendors are following
suit. In all likelihood, 1394 adoption
will mirror the development of the In-
ternet: as a technology comes of age
and the marketplace gains critical
mass, hardware and software manufac-
turers will rush to support it.

The benefits of IEEE 1394 are clear.
In the high-resolution industrial imag-
ing world, they translate into improved
image capture and data transmission
capabilities, both in sensitive real-time
applications, such as video streaming
or high-end machine vision inspection,
and delivery-sensitive applications,
such as microscopic and scientific
inspection.

Clearly the world is going digital,
and the machine vision/scientific
imaging world will follow. How long be-
fore this happens? It is hard to say. But
one thing emerges clearly: in the in-
dustrial and scientific arenas, the IEEE
1394 serial bus is the bandwidth of the
future.

This article is based on a white paper de-
livered by Jerry Fife, product manager, Vi-
sual Imaging Products, Broadcast and Pro-
[essional Company, Sony Electronics Inc. at
SPIE’s Photonics West 2000 conference. For
[further information on Sony imaging prod-
ucts, contact Sony Electronics, 1 Sony Drive,
Park Ridge, N] 07656; phone 1-800-686-
SONY.
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Arizona’s Clusters
as a Model

n the first installment of this series

(“The Evolution of Structured Clus-

ters,” Photonics Tech Briefs, May 2000,

page 10a), I offered a definition, as
follows: “A cluster is a concentration of
firms across several industries that creates
quality jobs, exports goods and services,
shares common economic foundational
needs, and unites the public sectors of
economic development, legislatures at all
levels, universities, community colleges,
the K-12 educational community,
workforce development, support
foundations, and all community
economic stakeholders.”

As an example I cited the State of
Arizona’s efforts to create a struc-
tured cluster—that is, one that did
not grow in organic fashion but was
created by a known and intentional
process. Arizona has eleven interac-
tive industry clusters, and a struc-
tured set of seven foundations to
support the clusters.

The Arizona economic develop-
ment plan addressed three basic
questions.

* The first is, what should be the goal
of economic development? (My ex-
pansion of the original response is
in italics.) The goal of economic
development is to increase the stan-
dard of living and enhance oppor-
tunities for advancement by in-
creasing per capita real wages,
creating quality jobs, fostering en-
terprise, and improving the quality

By Robert Breault

velopment strategies create quality
jobs by attracting, retaining, and nour-
ishing value-added clusters through
initiatives that strengthen economic
foundations.

* How should regions and nations orga-
nize for economic development? Public-
private partnerships are required to both
strengthen foundations and promote
cluster-based economic development.

The planners proposed a three-phase

all the vital cycle industries, nor do we appre-
ciate their magnitude and impact. I cite
today’s optics industry as the foremost under-
rated key industry in the United States. In
other countries, it may be the same or different
industries: forestry, oil, hydroelectric power
generation, elc.

Phase 2: Strategic Planning Process.
In a statewide planning process involv-
ing a broad spectrum of Arizonans, the
strategic assessment was used to develop

of life. The goal of economic development at
the national level for regional industry clusters
is: to increase, in a calalytic way, their mem-
bers’ access to capital; develop and share mar-
ket information; and enhance opportunities
for the expansion of their regional cluster of in-
dustries. The latter could be done by fostering
enterprise growth, improving regional infra-
structure, enabling public and private mean-
ingful dialogue, removing national legislative
barriers, and improving the overall economic
health of the region.

e What are appropriate strategies for
economic development? Economic de-

approach. (My suggestions for the optics
industry are again in italics.)

Phase 1: Strategic Assessment. An eco-
nomic framework based upon “best
practices” from across the nation was
used to prepare an in-depth strategic as-
sessment of the needs of the region. A
national strategic assessment would undoubt-
edly reveal that the aerospace, biomedical, tele-
com, environmental, optics, and software in-
dustries, for instance, are some of our nation’s
strongest economic assels of the future. You
may ask, why perform an assessment if we
know the answers? Because we do not know

initiatives. This process will be a
major challenge at the national or
global level. At the state level, fre-
quent meetings required individual
participation. Individual participa-
tion was the soul of the plan because
the planners got first-hand input
[from the consumers of the output —
private companies. The initiatives
were not the ideas of the planners but
came from the people in the market-
place. Nationwide individual input
from companies, involving frequent
attendance at meetings, is unlikely.
The clusters may be the solution for
getting “direct” input from CEOs
and other company executives at the
local level, an opportunity that is
presented by national gatherings of
clusters. Arizona initiated the first of
such meetings in _June 1995 at the
North American Cluster Conference.
The interest in clustering was so
high that it even surprised the plan-
ners. Before any invitations were
sent out for the 75 seats available,
there were more than 200 requests for them.
The Competitiveness Institute now sponsors
an international cluster conference annually.
The Coalition for Photonics and Optics
(CPO) is another example of a national re-
sponse effort.

Phase 3: Implementation. Specific
strategies developed in the planning
process are being implemented through
specific public- and private-sector actions.
The implementation phase is most often the
hardest. It requires buy-in and participation by
industry leaders. This is taking Total Quality
Management to a global scale. It leaves the dri-
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vers for growth in the local region, but takes the
development of the infrastructure to a national
or global level of partnership.

The optics community has to acknowl-
edge that it has no plan for the eco-
nomic development, growth, and sup-
port of its industry. We have no national
SIC or SOC codes, and little or no mar-
ket analysis, metrics, or demographics
for our industry. Supportive legislators
and interested investors find it hard to
measure the size, value, and potential
growth of the optics industry. Fragments
of such information would indicate that
investors and public-sector figures
should be paying much more attention
to our high-growth industry.

The Arizona Strategic Planning for
Economic Development (ASPED) study
reflected contributions by every segment
of Arizona’s diverse population and
every region in the state. The top ten
economic development concerns of
ASPED participants were:
¢ education;

* capital availability;

* work-force opportunities/
development;

* interorganizational coordination;

* infrastructure;

* business climate;

* business retention/expansion;

* rural concerns;

* structure of economic base; and

* leadership.

After reading studies from other op-
tics clusters, I conclude that it is reason-
able to expect that these concerns per-
meate all clusters at the national level.

The Arizona cluster-building process,
while not totally unique, has created one
of the first successful state cluster pro-
grams in the nation. It took the effort of
more than a thousand creators, and has
evolved into an undertaking embracing
more people and regions. Arizona
makes no claim that its way is the right
way for other regions. In fact, other clus-
ters have borrowed from Arizona’s con-
cept and created their own version of
what a cluster is and how best to imple-
ment it. A cluster is a process rather than
a step-by-step plan that can be followed
anywhere. But there is little doubt that
the model is a good one. Arizona is con-
fident that its plan has the right ingredi-
ents to significantly better the state’s
economy in the twenty-first century.

Robert (Bob) Breault is president of
Breault Research Organization of Tucson,
Anizona, and cochairman of the Arizona Op-
tics Industry Association, 6400 East Grant
Road, #350, Tucson, AZ 85715; e-mail:
bbreault@breault.com. The author acknowl-
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edges that he has drawn upon several internal
Governor’s Strategic Partnership for Economic
Development (GSPED) documents whose au-
thors are unknown and therefore cannot be
cited individually. Among the documents that
had authorial attribution were the following:

1. Alan Korwin et al., Arizona’s Economy
is Everyone’s Business, GSPED, March 1992.

2. Doug Henton, John Melville and Kim
Walesh, Building Economic Communi-
ties: How Civic Entrepreneurs are Trans-
forming America, San Francisco: Jossey-
Bass, February 1997.

3. C. Hendry and J. Brown, City Univer-
sity Business School (UK), R. DeFilippi
(Suffolk University), and R. Hassink, “ In-
dustry Clusters as Commercial, Knowledge,
and Institutional Networks,” in Interim
Networks: Organization and Industrial
Competitiveness (ed. A. Grandovi),
Routledge, 1999.

4. D. Henton and K. Walesh, Reinvent-
ing Communities: Clusters and their
Next Evolution, International Society for
Optical Engineering, 1996.
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Ultrasonics With Laser In-Coupling and Air Out-Coupling

This method shows promise for noncontact, nondestructive characterization of

materials and structures.

John H. Glenn Research Center, Cleveland, Ohio

Efforts are under way to de-
velop a technique of noncontact
acousto-ultrasonic testing in
which (1) a pulsed laser beam
excites ultrasonic waves in a
plate specimen and (2) the ul-
trasonic waves are detected by
use of one or more focusing air-
coupled ultrasonic transducer(s)
placed at a short distance away
from the specimen and aimed at
the spot(s) of interest on the
specimen. This technique is in-
tended to be an alternative to an
older technique of contact
acousto-ultrasonic testing; when
fully developed, this noncontact
technique could be used to
characterize materials and mon-
itor integrity of structures in lo-
cations that are inaccessible to
contact ultrasonic probes or in
situations in which contact ultra-
sonic probes cannot or should
not be used.

The acousto-ultrasonic me-
thod has been shown to be use- Array of
ful for assessing mechanical | |"**°™
: : ; e
properties of composite-material —

structures. Plate-wave analysis

has been used to quantify mod-
uli of elasticity of composite ma-

NONCONTACT ULTRASONIC-TESTING APPARATUS

coupled piezoelectric trans-
ducer (and is characterized by a
broader frequency response),
provided that it can be placed
close enough to the specimen.
In experiments, rates of
decay of ultrasonic energy in
SiC/SiC ceramic-matrix and
SiC/Ti metal-matrix composite-
material specimens were mea-
sured by the contact technique
and by the present noncontact
technique. For each noncontact
measurement, the laser pulse
energy was =13 mJ and the air-
coupled acoustic transducer was
one with a broad frequency re-
sponse nominally centered at
0.25, 0.5, 1.0, or 2.0 MHz. The
rates of decay of ultrasonic en-
ergy were found to be higher
for the contact measurements;
the difference has been attrib-
uted to loss of energy via the
contacts, and this attribution, in
turn, seems to imply that the
noncontact rate of decay is a
more nearly pure measure of
attenuation of ultrasound
within the specimen. Still, con-
tact measurements have been
successful in revealing mechan-

terials. Rates of decay of ultra-
sonic signals can be used to
monitor residual strengths or crack densi-
ties. The present development is expected
to extend these capabilities from the con-
tact to the noncontact regime. It has been
envisioned that a noncontact acousto-ul-
trasonic testing technique would be espe-
cially useful for monitoring changes in the
properties of ceramic- and metal-matrix
composite materials, and of aircraften-
gine structural components made of these
materials, during thermomechanical test-
ing and during engine operation.

The use of a laser as a remote (and
thus also noncontact) ultrasound-input
source and as part of an ultrasound de-
tector has been under investigation for a
number of years. The use of a noncon-
tact piezoelectric ultrasonic transducer
coupled through an airgap has also been
under study. Laboratory experience has
led to the conclusion that a laser is more
useful as an ultrasound-input device than
as part of a detector, while an air-coupled
piezoelectric transducer is more useful as
a detector than as an ultrasound-input
device. Taking advantage of this lesson of
experience, the present laser-in-cou-
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The Noncontact Ultrasonic-Testing Apparatus with laser in-coupling and out-
put coupling via air reproduces the basic geometry of the contact apparatus.

pling/air-out-coupling technique com-
bines the two named means of coupling
in such a way as to obtain a signal-to-
noise ratio greater than can be achieved
in other noncontact ultrasonic tech-
niques that involve laser or air coupling.

The figure schematically depicts two
acousto-ultrasonic testing apparatuses;
one that implements an older contact
technique and one that implements the
present noncontact technique. In the
noncontact apparatus, the beam from a
pulsed neodymium:yttrium aluminum
garnet (Nd:YAG) laser is aimed at a spot
on the specimen; this is the same spot
where, in the contact apparatus, the send-
ing transducer would be coupled to the
specimen via a dry (silicone rubber) cou-
plant pad. The aircoupled transducer in
the noncontact apparatus is positioned
and oriented to be sensitive to the spot
on the specimen where, in the contact
apparatus, the receiving transducer
would be coupled to the specimen via an-
other silicone rubber pad. A nonfocusing
micromachined capacitance transducer
can be used as an alternative to the air-

www.nasatech.com

ical fatigue in the specimen
materials; it is important that
this be so, inasmuch as in projected uses
for monitoring the integrity of aircraft
components, it will often be necessary to
take measurements in the presence of
support structures that cause loss of ul-
trasonic energy. In both the contact and
noncontact techniques, rates of decay of
ultrasonic signals have been observed to
increase with frequency.

Several concerns must be addressed in
further development efforts. One is po-
tential destructiveness of the laser pulse.
Another is attenuation of the ultrasonic
signal in output coupling via air; this at-
tenuation imposes a practical upper limit
on the usable frequency range.

This work was done by Harold E. Kautz of
Glenn Research Center. For further infor-
mation, access the Technical Support Package
(TSP) free online at wwuw.nasatech.com
under the Physical Sciences category.

Inquiries concerning rights for the commer-
cial use of this invention should be addressed
to NASA Glenn Research Center, Commercial
Technology Offfice, Attn: Steve Fedor, Mail Stop
4-8, 21000 Brookpark Road, Cleveland, Ohio
44135. Refer to LEW-16916.
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Sulfur Lamp With CaBr,
Additive for Enhanced

Plant Growth

Addition of CaBr; intensifies red light,
which is favored by plants.

John E. Kennedy Space Center, Florida

Calcium bromide can be added to the sulfur filling in a sulfur
lamp to increase the emission of red light for enhanced growth
of plants. Red light is more efficacious for plant growth than is
visible light at shorter wavelengths. The addition of CaBr; in-
creases the emission at wavelengths in the vicinity of 625 nm,
where the quantum efficiency for photosynthesis is close to 1.

A sulfur lamp is an electrodeless lamp that includes an evac-
uated quartz bulb partly backfilled with argon and with a little
sulfur, plus a source of microwave power for exciting a plasma
within the bulb. A sulfur lamp is very efficient for visible light-
ing. An attempt to increase the emission of red light by in-
creasing the sulfur content would result in an excessive reduc-
tion in the emission of blue light. Alternatively, following a
common practice in the lighting industry, one could attempt
to increase the red emission by adding such metal halides as
sodium iodide: in the presence of the lamp plasma, the metal
atoms in most such additives become excited and ionized and
they radiate in the desired spectral region, but they also emit
unwanted infrared line radiation, with a consequent reduction
in efficacy for growth of plants.

Unlike other metal halide additives, in the presence of the
lamp plasma, calcium bromide emits primarily molecular radi-
ation at wavelengths in the vicinity of 625 nm, with minimal in-
frared emission. Thus, calcium bromide can be used to in-
crease the emission of the desired red light. A representative
experimental lamp based on this concept is made of a thin-
wall, 35-mm-diameter quartz bulb containing tens of mil-
ligrams of sulfur, a few milligrams of CaBr;, and argon at a
pressure of about 50 torr (6.7 kPa). As shown in the figure, the
CaBr; filling increases the desired red emission at the cost of
only a small decrease in shorter-wavelength emission and with
little or no increase in infrared emission.

This work was done by Youngzhang Leng and Donald A. MacLen-
nan of Fusion Lighting, Inc., for Kennedy Space Center.

In accordance with Public Law 96-517, the contractor has elected to
retain title to this invention. Inquiries concerning rights for its commer-
cial use should be addressed to: Donald A. MacLennan, Fusion Light-
ing, 7524 Standish Place, Rockville, MD 20855; (301) 284-7200.

Refer to KSC-11970, volume and number of this NASA Tech
Briefs issue, and the page number.

The Measured Spectrum of a SulfurlCaldum Bmmide Lamp is plotted along
with the spectrum of a similar sulfur lamp without calcium bromide. The
prominent spectral peak of the S/CaBr; lamp lies at the wavelength region
of highest quantum efficiency for photosynthesis in plants.
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Nonsaturating Electronic Image Sensors
In each pixel, charge would be integrated as long as necessary, but not longer.
NASA’s Jet Propulsion Laboratory, Pasadena, California

Focal-plane electronic image sensors
that would not saturate when exposed
to intense illumination have been pro-
posed. These sensors could be used to
acquire accurate, scientific-quality data
on images (including spectral images),
even when the images contain both
very bright and very dark areas. The
proposed sensors would not contain
automatic gain-control (AGC) cir-
cuitry, yet their dynamic ranges would
exceed those of sensors with AGC. Un-
like AGC circuitry, the circuitry of the
proposed sensors would not change
noise levels and would not compress
image data.

The proposed sensors would be of
the active-pixel-sensor (APS) type. The
designs of these sensors would exploit
the possibility of making APS circuitry
operate on each pixel individually dur-
ing acquisition of image data. In partic-
ular, the amount of photocharge accu-
mulated in each pixel during each
exposure would be monitored, and the
pixel would be either reset or turned
off when the charge increased beyond a
preset threshold.

In one suggested implementation, a
comparator and a counter would be
added to the readout circuit of each
pixel. When the amount of charge
reached the preset threshold during an
exposure, the pixel would be reset and
the count incremented by one. At the
end of the exposure, the total readout
signal charge for each pixel would be
the sum of (1) the number of resets x
the threshold charge plus (2) the
charge accumulated since the last
reset. In the presence of bright light,
the repeated resets would prevent satu-
ration. In the presence of dim light,
the photocharge would be allowed to
grow for as long a time as necessary
during an exposure.

In another suggested implementa-
tion, the readout circuitry for each
pixel would include a sample-and-hold
circuit. In this case, the pixel value
would be captured whenever the sam-
pled photocharge exceeded a preset
threshold and the integration time
counted separately. In either imple-
mentation, it may be possible to obtain
satisfactory performance while using an
analog-to-digital converter of fewer bits
than would ordinarily be needed for a
given dynamic range.
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This work was done by Gregory Bearman,
Bedabrata Pain, and Robert Stirbl of Caltech
for NASA’s Jet Propulsion Laboratory.
For further information, access the Technical
Support Package (TSP) free on-line at
www.nasatech.com under the Electronic
Components and Systems category.

In accordance with Public Law 96-517,
the contractor has elected to retain title to this
invention. Inquiries concerning rights for its

commercial use should be addressed to:

Technology Reporting Office

JPL

Mail Stop 122-116

4800 Oak Grove Drive

Pasadena, CA 91109

(818) 354-2240

Refer to NPO-20560, volume and number
of this NASA Tech Briefs issue, and the
page number.

CCD Array GooLep
N ScientiFic CAMERAS

Spectral Instruments camera systems are designed for use in

i’ the most demanding imaging applications, s

h as large molecule

x-ray crystallography, luminescence from multiwell plates, and

Spectral Instruments, Inc.

Visit our Web site: www

astronomical imaging and spectroscopy. The systems
can be configured with a va
and types, including large area devices

of up to 4K x 4K resolution

y of CCD

Options include:
Single or multiport readout at
50 kHz rates to 5 MHz, 12 to 16
bit digitization
PCI computer interface with
LabVIEW-based software for
Windows" 95/NT, Linux driv
Therm tric, LN,, or ¢
refrigerator cooling
UV enhancement coatings,
collimated fiber optic input

For More Information Circle No. 463 or Visit www.nasatech.com/463 2la



ace with camera
controls from $995.
@ Win 95/98/NT/2000
& DOS image analysis SENSORS
software with camera
controls for exposure, SMD

triggering, async reset, TARENAKA
and video recording to

memory and disk. UNIQ
W Twain & ImagePro Drivers Available.

ROPER MASD

W Complete imaging systems: Computers,
Cameras, Power Supplies, Lenses, Software,
Lighting.

www.epixinc.com/nt

For More Information Circle No. 466

CHILLERS/COOLERS
CATALOG

NESLAB’s newest product cata-
log features industrial chillers
and liquid coolers. It includes
features, specifications, and cus-
tomizing options available, in-

4 cluding refrigeration, con-
troller, pump, fluid, heater, and electrical specs.
NESLAB offers a range of cooling solutions for appli-
cations such as industrial lasers, EDM, plastics, plat-
ing, packaging, chilled rolls, and welding. There is a
NESLAB solution to fit each constant-temperature
application. NESLAB Instruments, PO Box 1178,
Portsmouth, NH 03802-1178; (603) 430-2271; fax
(603) 4308411; E-mail: neslab@neslabinstruments.
com; http://neslabinc.com.

NESLAB Instruments
For More Information Circle No. 497

NESLAB

LIGHT MEASURE-
MENT INSTRU-
MENTS CATALOG

International Light offers
its full-color 1999-2000
catalog describing radiome-
ters, photometers, spectro-
radiometers, detectors, fil-
ters, input optics and
calibrations. Components
are combined to form light measurement systems
covering a comprehensive range of UV-Vis-IR appli-
cations. Complete technical and system specifica-
tions are included. International Light Inc., 17 Graf
Rd., Newburyport, MA 01950-4092; (978) 465-5923;
fax: (978) 462-0759; e-mail: ilsales@intl-light.com.

International Light Inc.
For More Information Circle No. 498

Readout for Fast IR Imaging With Large

Detector Capacitance

Improvements are effected by taking account of response
times in designing readout amplifiers.

NASA's Jet Propulsion Laboratory, Pasadena, California
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The Stages Following the BDI Input Circuit are optimized, pursuant to equations for response times,

to minimize image lag and other errors.

A methodology for designing highly
accurate readout circuits for infrared
(IR) image detectors that have large
pixel detector capacitances (of the order
of tens of picofarads) and are required to
operate with short exposure times (<100
ps) has been devised. In this context,
“highly accurate” signifies capable of (1)
nearly linear response over a wide dy-
namic range with (2) little or no image
lag (“ghost” image readout attributable
to capacitive retention of charge from
preceding image frames), and (3) low
readout noise. The methodology has
been used to enhance the performance
of NASA’s Airborne Visible/Infrared
Imaging Spectrometer (AVIRIS), and is
expected to satisfy an increasing need for
highly accurate readout circuits in other
applications, including other imaging
spectrometers and infrared video cam-
eras now undergoing development.

The methodology improves upon the
prior art in two main ways:
¢ It provides for refinement of the de-

sign of pixel amplifiers and other pixel
readout circuitry on the basis of un-
derstanding gained through analysis of
previously neglected second-order
electronic effects — including notably
image lag related to abrupt transitions
of signal currents.

e It incorporates the concept that, at
least in principle, it should be possible
to derive an algorithm to correct for
image lag.

The readout circuitry for each pixel,
as contemplated in this methodology, is
based on that of the AVIRIS. This cir-
cuitry (see figure) features a conven-
tional buffered-direct-injection (BDI)

www.nasatech.com

input circuit followed by amplifier stages
of optimized design. Similar BDI read-
out circuits designed according to older
methodology generate residual image
signals when bright images are followed
by dark images, giving rise to errors in
the estimates of the dark images; and
when dark images are followed by bright
images, responses are oscillatory, giving
rise to errors in estimates of the bright
images. The errors are functions of time
and detector capacitances.

The analysis of second-order effects
yields closed-form expressions for re-
sponse times for both low-to-high and
high-to-low transitions. These expres-
sions are what make it possible to opti-
mize pixel amplifier design and to
choose appropriate feedback capacitors
to minimize circuit error and image lag.
In an initial application of this part of
the methodology to a linear array of
photodetectors for the AVIRIS, it was
found that the signal-to-noise ratio was
increased by a factor of 2 to 3, relative to
older designs, and that image lag was re-
duced to less than 10 percent over the
entire dynamic range of pixel signal cur-
rent from 10 pA to 10 nA. The measured
input-referred noise was found to be less
than 300 electrons.

A first-order analysis has been per-
formed in an initial effort to develop
software to compensate for image lag.
This analysis yields recursive equations
that can be used to estimate and correct
for errors. Software that implements
these equations has been tested on
AVIRIS readout data and found to re-
duce errors but also to occasionally in-
troduce new errors. The inability to

Photonics Tech Briefs, July 2000



eliminate all errors has been attributed to inadequate math-
ematical modeling of circuit behavior, including inaccuracies
in estimates of response times. To achieve greater accuracy, it
would be necessary to derive equations of greater complexity,
based on a second-order analysis. Of course, it would be more
difficult to implement such equations in software.

This work was done by Bedabrata Pain of Caltech for NASA’s Jet
Propulsion Laboratory. For further information, access the Techni-
cal Support Package (TSP) free on-line at wuww.nasatech.com under
the Electronic Components and Systems category. NPO-20522

Maskless Gray-Scale
X-Ray Lithography
Spatial variations in exposure of photoresist

would be effected through variations in
scan rates.

NASA’s Jet Propulsion Laboratory, Pasadena, California

In a proposed technique of maskless gray-scale x-ray lithog-
raphy, a photoresist to be patterned would be exposed to a par-
allel beam of hard x-rays. As explained below, the photoresist
would be translated across the beam at a varying rate to effect
one-dimensional spatial variations in the radiation dose re-
ceived by the photoresist. The technique would be particularly
suitable for making diffraction gratings and similar items.

In grayscale lithography in general, the radiation dose to a
photoresist on a substrate is made to vary spatially, within a range
in which the solubility of the exposed photoresist in a developer
liquid varies with the dose. In customary gray-scale x-ray lithog-
raphy, the required spatial variation in the dose is achieved by
use of a mask. The mask and the photoresist-covered substrate
are translated as a unit across an x-ray beam at a constant rate to
obtain the required integrated dose to the mask.

The lithographically desirable characteristics of a parallel
beam of hard x-rays include a large depth of field (typically
characterized by image dispersion less than 1 pm over a depth
of 15 mm) and negligible reflections from photoresist defects
and surfaces. A parallel beam of hard x-rays (wavelengths < 10
A) for use in the proposed technique could be generated by a
synchrotron source in conjunction with a slit filter (typically
50 nm wide).

In the proposed technique, the photoresist would not be
masked. The gradients in the radiation dose needed to obtain
gradients in the density of the developed photoresist would be
generated by controlled variations in the rate of translation of
the x-ray beam across the photoresist. These controlled varia-
tions would suffice to define the desired features (variations of
the height of the subsequently developed photoresist) to within
submicron dimensions, within the 15-mm depth of field.

After exposure to x-rays, the photoresist would be developed
in the customary manner. After development, the photoresist
would be dried, giving rise to spatial consolidation of the pho-
toresist into thickness gradients corresponding to the density
gradients. The dosage gradients could be chosen to achieve de-
sired final thickness gradients; for example, to produce trian-
gular- or sawtooth-cross-section blazes for diffraction gratings.
The large depth of field could be exploited to form such blazes
on curved surfaces.

This work was done by Frank Hartley of Caltech for NASA’s Jet
Propulsion Laboratory. For further information, access the Techni-
cal Support Package (TSP) free on-line at www.nasatech.com under
the Manufacturing/Fabrication category. NPO-20445
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Precision Molded

Plastic Optics

= Complete mold making facilities,

including a CNC machining center,
EDM machines and Nanoform 200

diamond turning center.
State-of-the-art molding facilities.

Comprehensive testing, measurement,
and evaluation capabilities, including
Zygo Interferometer, Taylor-Hobson
Form TalySurf S6 PGI and various
client-provided testing capabilities.

High quality, quick turnaround
diomond-turned prototyping in

most substrates.

High quality production of optical
elements such as diffractives, hybrids,

aspheres, cylinders, prisms, toroids,

mirrors and HUD:s.
Collimating lenses for laser diodes.

Optical design services provided from
minimal assistance to full design
capabilities.

For design, production or pricing infor-

mation, please contact us.

(9 AVIMO

AVIMO PRECISION POLYMER OPTICS

A member of Avimo Group Limited

560 West Terrace Drive
San Dimas, California 91773
Telephone 909-599-9341
Fax 909-592-2780
www.polymeroptics.com
Email: infoatappo@aol.com
salesatappo@aol.com
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NEW PRODUCTS

PRODUCT OF THE MONTH

Detectors with 12-ps or 18.5-ps

Impulse Response

New Focus, Santa Clara, CA, is offering the Models 102X and
14XX time-domain-optimized ultrahigh-speed detectors with
guaranteed 12-ps or 18.5-ps FWHM impulse responses. The
optically pigtailed devices are battery-powered and have their
own bias circuits and DC-power monitors. In FC- or ST<connec-
torized versions, they are terminated at 50 ohms, so do not
require a 6-dB attenuator when they are used with microwave
filters. A 50-micron-core multimode option is available for 18.5-

ps detectors (Models 14XX). New Focus calls the detectors

ideal for time-domain applications in high-speed digital fiber optic communication systems, including

measuring eye diagrams and characterizing pulses

Visit www.ptb

Fiber-Pigtailed 9-mm
Laser Diodes

OptoBrite Devices, Woodin-
ville, WA, introduces the 903

product line, a 9mm mounted laser diode-based
fiber-pigtailed package with >80 percent coupling.
The company says that the device has a brightness
four times that of the typical 0.22-numerical-aperture
unit with the optionally available 0.11-numerical-aper-
ture fiber. OptoBrite suggest such applications as
medical devices, night vision, printing, and pumping
of other solid-state lasers. The 903 package is available
in a variety of wavelengths from 635 to 1064 nm and
power levels up to 1000 mW.

Device Designed for
Raman Spectroscopy
Roper Scientific, Acton, MA,

3
‘ b introduces the Acton Research
~ SpectruMM™,

compact analytical package for acquisition of Raman

designed as a

spectra from solid and liquid samples. SpectruMM
for Raman consists of an Acton Research
SpectruMM CCD camera, an industry-standard
Acton Research SpectraPro® spectrograph, Acton
Research SpectraSense™ software, and a fiber optic
probe with integrated laser and signal filtering
Spectral coverage from a 785-nm laser is between 200
and 3300 cm’, with a spectral resolution of approxi-
mately 8 cm’. A run-time chemometric-analysis mod-
ule is also available for monitoring applications

i /products

Visit www.ptb

Digital IR Thermal Imager
Raytheon Co., Dallas, TX, is
offering the ControllR 2000, a
digital IR heat vision thermal
imager, intended for original
equipment manufacturers and
system integrators targeting security, process control,
and machine vision applications. Compared to analog
technology, Raytheon says, the new IR camera digitizes
images at 12 bits rather than 10, improving its dynam-
ic temperature range by a factor of four. The company
says the ControlIR 2000 also has twice the sensitivity, or
noise equivalent temperature difference (NETD), and
twice the nonuniformity.

UV Industrial-Grade DPSS
Lambda Physik, Ft. Lauder-
dale, FL, designed its new
Gator™ 355-3 industrial-grade

UV diode-pumped solid-state

laser for micromachining and microdrilling hard
materials. With a 10kHz repetition rate and more
than 3 W average power, the Gator 355-3 has a her-
metically sealed laser head and comes with a 5000-
hour diode lifetime warranty. The company says the
complete handsfree operation and remote/remov-
able supply unit are key industrial design elements.
Lambda Physik recommends the laser for high-aspect-
ratio microdrilling in many hard materials.

Visit www.ptbmagazi prod com Visit www.ptb ducts Visit www.ptbmagazine.com/products

PRECISION BLASS & DpTICS...

Precision Glass & Optics is a world leader in the precision machining
of glass. For years we have met the exacting needs of the precision
optical and glass communifies.

\/. .
QA/’.

tODUCTS

A wide variety of glass in stock, ready for immediate
processing. Fused Silica, BK-7, Pyrex, Borofloat,
Microsheet, B-270, Starphire & Float Glass.

N Gl il

PRECISION GLANASS & OPTICS
3600 W. Moore Avenue ® Santa Ana, (A 92704
714.540.0126 * Fax: 714.540.1482

Email: ps@pgo.com
Send for our product and services brochure or visit our website.
Web: www.pgo.com

Coated material in stock for shaping and delivery within
48 hours. Anti-Reflection, Front Surface Mirror, Hot &
Cold Mirrors, Beamsplitters & ITO.

SERVICES

(NC Machining, Dicing, Precision Scribing, Edging, Optical
Polishing.

For More Information Circle No. 470 or Visit www.nasatech.com/470
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{t ‘Ie ‘& Infrared Emitting Diodes
Thick, Thin & Combi Film Hybrids
Optical Switches & Interrupters
Position Sensing Detectors
X-Ray, UV Photodetectors
Injection Molding
Opto-Assemblies

Tool & Die
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Our.Hot Mirrors clearly
have explosive advantages.

The line between success and failure is often as thin as a mirror. If your specifications call for hot mirrors, it's
time to call ZC&R. No matter what your need, from off-the-shelf to custom coatings, you'll find all your
solutions in one place — ours. And if cold mirrors are more your style, ours stand up to even the toughest test. Our
filters always give you superior separation of visible, UV and IR radiation. So don't let your project go up in
smoke. For a closer look into our mirrors, call us today. ZC&R. Burning up the competition.

Crystal Clear Hot Mirrors UV Pass Hot Mirror

Guaranteed color neutral even at 5500° K, our crystal Designed to block IR and allow visible and UV light to

clear hot mirrors are perfect for applications such as pass through, these hot mirrors are especially well

entertainment lighting, biomedical applications and adapted for UV curing of inks, dyes

fiber optics. Guaranteed not to peel, fade and cements.

or craze. E * Ave. T > 85% at 245-680 nm

* Ave. T 2 90% at 425-675 nm * Ave. T > 86% at 245-400 nm

* Ave. R 2> 95% at 750-1150 nm * Ave. R > 75% at 800-1050 nm

* Incident angle = (° * Incident angle = (°

Cold Mirrors Extended Hot Mirrors

Our cold mirror filters reflect visible light and Similar to our crystal clear hot mirrors, our extended
transmit IR. They are used in a wide variety of hot mirrors provide a wider range of IR protection.
products from projectors to fiber optic illuminators. They are ideally suited for applications which also

e Ave. T > 90% at 750-1200 nm require reflectance from 1200 to 1600 nm. Guaranteed
* Ave. R > 95% at 420-650 nm not to peel, fade or craze.

* Incident angle = 45° * Ave. T > 85% at 425-675 nm

4 * Ave. R 2 95% at 750-1150 nm
* Ave. R > 85% at 1200-1600 nm
* Incident angle = 0°

OPTICS

1401 Abalone Ave. / Torrance, CA 90501
310-381-3060 / 800-426-2864 / FAX: 310-782-9951
e-mail: info @zcrcoatings.com / www.zcrcoatings.com
For More Information Circle No. 475 or Visit www.nasatech.com/475
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Fast Fax Information Form

Fax: (413) 637-4343

Fax this form for quickest processing of your inquiry, or use the on-line LeadNet
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Bl "lew Cockpit Technology

Modernizes Shuttles

Multifunction Electronic
Display Subsystem (MEDS)

Honeywell Space Systems

Phoenix,

(602) 822-3746

www.honeywell.com

The Space Shuttle Atlantis recently
made its first flight with Honeywell's
“glass cockpit” Multifunction Electron-
ic Display Subsystem- (MEDS), which
helped astronauts navigate and land
the orbiter. MEDS replaces the or-
biter’s electromechanical and cathode
ray tube (CRT) displays, which were
designed in the 1970s. Equipped with
the first glass cockpit ever to fly in
space, Atlantis was suited with nine
MEDS displays in the forward flight
deck and two MEDS units in the aft
flight deck.

“Our MEDS technology, with its
genesis in Honeywell's display system
for the Boeing 777 aircraft, will pro-
vide NASA’s fleet of orbiters with the
most advanced commercial and mili-

tary flat-panel display technology available today,” said Jay
Lovelace, Vice President and Location Manager for Honey-
well Space Systems.

Using MEDS, shuttle crews have easy access to vital informa-
tion through the two- and three-dimensional color graphic
and video capabilities. By reading
the displn}s, astronauts see infor-
mation including speed, altitude,
position, and direction. Informa-
tion also is interchangeable be-
tween screens, allowing crews to
select the display format that best
suits the needs of their particular
mission.

MEDS eliminates obsolescence
concerns and is less expensive to
maintain than present electro-
mechanical devices. In addition
to reducing maintenance Ccosts,
MEDS will reduce vehicle weight
and power consumption, freeing
more power for longer flights;
improve shuttle reliability and
performance; and improve shut-
tle safety by simplifying cockpit
panels. MEDS also is capable of
future upgrades. Honeywell will
provide a new glass cockpit for all
four shuttle orbiters.

For More Information Circle No. 750

N '/ASA’s LANDSAT 7 Receives

Innovative Processing System

Ciprico 34-Gb disk arrays
Ciprico

Plymouth, MN

(800) 7274669
www.ciprico.com

Landsat 7, an imaging satellite managed cooperatively by
NASA, the National Oceanic and Atmospheric Administration
(NOAA), and the United States Geological Survey (USGS), was
launched in the summer of 1998, As a component of the Mission
to Planet Earth (MTPE) program, it began collecting and trans-
mitting global and seasonal land images for scientific and com-
mercial purposes. On the receiving end of the satellite transmis-
sions was an antenna at the USGS’s Earth Resource Observation
Systems (EROS) Data Center located in Sioux Falls, SD. There,
the incoming data was recorded and processed to produce high-
resolution images of the earth’s surface.

These processes were performed by the Landsat 7
Processing Unit’s (LPS) powerful computing system. Like the
satellite itself, the LPS was designed from the ground up and
had to meet some demanding criteria for capturing and pro-
cessing the satellite’s raw data transmissions.

I'he data from the satellite is encoded with various types of

errorcorrecting coding algorithms. The LPS consists of five SGI

26 www.nasatech.com

Challenge XL com-
puters, each outfit-
ted with two Ciprico
34-Gb disk arrays.
Embedded within
each string are two
channels for differ-
ent bands or types of
data, each being
transmitted at a sus-
tained rate of 75
Mbps to one of the
XLs. The data from
each channel is cap-
tured to one of the
XL's two Ciprico disk
arrays.

I'he LPS “unpacks”
the data, frame-syn-
chronizes it, and

removes the additional coding information. The processed
data is then transferred to the other Ciprico array on each
Challenge. It is held there until it can be transferred to a tape
archive that is part of a much bigger system — the Earth
System Data System (EOSDIS)
Distributed Active Archive Center (DAAC). This data is then
accessible to the scientific community.
For More Information Circle No. 751

Observing Information
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The DEWE-3010 and DEWE-2010 completely
redefine what a data acquisition system should be.
Not just portable and rugged, but also open-
architecture, so you can upgrade the hardware and
software long into the future. With modular signal
conditioners you can mix and match to create your
own system with dozens of fast channels and up to
2048 slow/temperature channels!

o o

Sl

7'—':‘-:552’:*.: TP

ACK=16 and any PC

T
B
DEWE-3010 Ultra-portable

: 4 complete system

IL'-STD-81OC Shock/Vibration
W CE Mark, 1ISO-9000, ISO-14000

- B Portable PC Versions Available!
Available in both data recording and industria

versions, Dewetron PC-based instruments really rock.™
Plastic boxes just can't compare. New built-in software
makes setup and recording easier than ever. With plug-
in modules for direct connection of every sensor — strain
gages, accelerometers, microvolts/volts/kilovolts, RTD's
and thermocouples (9 types), LVDT's, string pots,
RPM and TACH signals from engines and turbines,
and even more. Plus 1000Vrms isolation,
exceptionally low noise, and multiple range/filter
selections on each plug-in module!

Please call toll-free at +1 (877) 431-5166
visit our website, or send email to:
werock@dewamerica.com

Dewetron, Inc.
Toll-free +1 (877) 431-5166
Tel: +1 (401) 364-9464

Fax: +1 (401)364-8565
Website: www.dewetron.com

All trademarks acknowledged as the properties of their owners
+ GERMANY + NETHERLANDS -+ SLOVENIA » THE CZECH REPUBLIC « THE U.K.
For More Information Circle No. 534
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Analysis Enhanced Test: Combining
Data Acquisition and Analysis

o one needs to tell engineers today

that their jobs are getting tougher.
Complex projects, time constraints, fi-
nancial limitations, warranty issues, and
the constant pressure to innovate con-
tinue to push the limits of engineering
ability. From automotive and aerospace
design, to semiconductors and advanced
communications systems, the basic chal-
lenges are essentially the same: design
the best possible products at the lowest
possible cost — and get them to market
faster than the competition. Faced with
this difficult task, it’s no wonder that en-
gineers are looking for new tools to
make their jobs easier and to streamline
the steps required to go from concept to
production.

Integrating phases of the engineering
process would be beneficial to the engi-
neer. If software tools were available that
supported multiple phases of the engi-
neering process, valuable time and
money could be saved. In addition, this
would allow engineers to adopt a stan-
dard tool set for design development so
that individuals would not need to learn
and use multiple software packages, and
could easily share work with their col-

leagues. New tools are now available that
do just this and are helping to reduce
some of the pressures felt by engineers
today.

Process Integration
The challenges faced by research and

design engineers are often tackled

through multi-phased, iterative pro-
cesses. Frequently, these processes re-
quire several steps, including:

* Data acquisition and test: The develop-
ment of a test system for the purpose of
taking measurements and collecting
data from a real-world component or
system. Testing incorporates data ac-
quisition, low-level analysis, and data
storage.

* Data analysis and visualization: Once
the data is collected, it is often stored
in a database for post-processing. This
involves applying rigorous analysis
methods, such as signal processing,
wavelets, and statistical analysis to gain
an understanding of the system under
test. This is frequently an iterative task
during which the design is refined.

* Verification: Verification is an impor-
tant follow-on task in design develop-

Analysis Enhanced Test: Integrating Data Acquisition and Analysis
esterday - Custom Data mmhmmm’
iy Acquisition Software |  Visualization Software
Data Acauistion Software || Fiez VAaiakton cottesre
General-Purpose
Tomorrow Integrated Data Acquisition
and Analysis Software

Figure 1: Data acquisition and analysis historically have been separate tasks that each required
specialized software-collected data to be saved to file and transferred from one environment to
the other. Analysis-enhanced test integrates data acquisition and analysis in a single software

environment.
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ment. It involves confirming that the

final part or system works as expected

without failure. This portion of the en-
gineering process is highly rigorous.

* Reporting: When finalizing a project
or specific test, a report often is written
to document the process and share the
results.

Though the end result (such as a re-
port, a component, or a system) varies
for each individual engineering chal-
lenge, the steps involved in all areas of
design and development need to be
tightly integrated. This is because it is
often the case that several iterations of
the process are run through before ac-
curate or useful results are obtained.

One of the biggest challenges in the
process is to gain insight and under-
standing about the behavior of a physi-
cal part or system. This discovery phase
can involve taking measurements from a
physical component in order to model
or analyze its behavior during the early
development stages (prototyping), or
testing a component or system to deter-
mine if it is performing as expected (de-
sign verification). The development of a
measurement system often is under-
taken by the engineer to measure physi-
cal parameters about the device and to
perform in-depth analysis and visualiza-
tion on the information obtained. In
other words, a measurement system in-
tegrates the data acquisition and test
phase with the data analysis and visual-
ization phase. Furthermore, since verifi-
cation involves applying rigorous test
and analysis procedures to the design,
benefit also can be realized in the verifi-
cation phase due to this integration.

There are, therefore, two key compo-
nents to a measurement system: data ac-
quisition, and powerful analysis and vi-
sualization functionality. Because the
purpose of data acquisition is often, in
the end, to gain greater insight into the
component or system being studied, ad-
vanced analysis and visualization play a
key role in the design process. Tools
such as signal processing, statistical
analysis, or even neural networks are em-
ployed to model or explore the data in
detail and refine design parameters.
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This type of high-level analysis requires
specialized math and analysis methods
that are not available in standalone data
acquisition packages.

The Evolution of Analysis
Enhanced Test

Analysis enhanced test is a new ap-
proach for test and measurement appli-
cations. Analysis enhanced test refers to
the integration of the data acquisition
and test phase with the analysis and visu-
alization task. The creation of a mea-
surement system — an integrated data
acquisition and analysis environment —
can greatly benefit an engineer and ulti-
mately save time and money.

It’s important to take a look at the his-
tory of test and analysis, as well as what's
currently being done in order to get a
true understanding of the benefits of an
integrated system. Historically, data ac-
quisition has been a task done in a lab. A
test setup was developed, and frequently
a technician ran the test and col-

sign tasks. Specialized general-purpose
software packages are available for sepa-
rately handling the acquisition and
analysis tasks. Developed within the last
10 to 15 years, these general-purpose
programs represent the current genera-
tion for simplifying the engineering
process. Software packages are available
to create the data acquisition system or
to apply advanced analysis and visualiza-
tion techniques without writing code.

What Engineers Are Doing

The data acquisition and analysis sec-
tions of a test system are still largely sep-
arated. Data acquisition is accomplished
in a lab with a “canned” test set-up con-
figuration. The large data sets gathered
from the test are stored to disk or to
databases, and then brought back to the
engineering office for off-line analysis.
These steps are continued through sev-
eral iterations until the design is com-
pleted. This way of working can require

has had to create such a system knows,
the acquisition and analysis task is still
far from easy, and much time is spent in
creating customized, integrated solu-
tions. Engineers choose an approach,
knowing that if the data acquisition side
is the focus of the solution, the analysis
tools are likely to be sub-optimal and
vice-versa.

For best results, data acquisition and
analysis can no longer be separate tasks.
They must be tightly tied, not only to
meet time constraints, but also to ensure
that the product will work exactly as de-
signed. An integrated data acquisition
and analysis system allows engineers to
test out new algorithms, experiment
with different components, make deci-
sions on the fly, and instantly verify the
component model using real-world mea-
surements.

Historically, analysis and visualization
software such as MATLAB (from The
MathWorks) has been used extensively
by test and measurement profes-

lected the data. This data was
then given to an engineer to ana-

Data Acquisition Market Trends

sionals to post-process the massive
amounts of data collected. The

lyze. The design might be modi-
fied in some way, depending on
the results of the analysis, and
the test would be run again.
These steps would be repeated
until the design was finalized.
Until just a few years ago, the
data acquisition and analysis ap-
plications were created with cus-
tom C-code. Often, the user
would need to write low-level
drivers to communicate with the
data acquisition hardware, and
then save the captured data to
file for post-processing. A custom
C or Fortran program also was

New Single,
Integrated
Environment

need to close the gap between
analysis and test necessitated the
development for test systems
based on MATLAB. Often, engi-
neers and scientists would de-
velop custom test set-ups that al-
lowed them to go directly from
hardware to MATLAB in order to
simplify their design and develop-
ment process. Coupling products
like MATLAB with data acquisi-
tion systems allows engineers and
scientists to do things that were
not possible before.

Analysis enhanced test is a
growing trend for technical pro-

written to read the captured data
from the file, and produce the
appropriate plots or calculation
results. All this took a consider-
able amount of time and effort, and re-
quired writing large amounts of custom
code. And every time a new hardware
device was used or a different calcula-
tion was performed on the data, the
code had to be modified by hand to ac-
commodate the change. In hindsight, all
of this seems extremely complex. How-
ever, at the time, these were merely con-
sidered part of the job.

Today, time and budget constraints
have pushed engineers into the lab to do
more of their own testing. Tools have
been created that help simplify the de-
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Figure 2: New general-purpose tools that support both aspects of
the engineering process are helping to integrate these formerly
separate tasks.

several different software packages: one
for data acquisition (usually a propri-
etary package provided by the DAQ
hardware vendor), one for storing the
data (often a database), and another for
analyzing and visualizing the data.
Engineers utilize these tools in combi-
nation to get their job done, and in the
push to get products to market faster,
have devised methods to integrate them.
They often mix and match different soft-
ware packages or combine them with
custom C or Fortran code for specific
portions of the task. But as anyone who

www.nasatech.com

fessionals. It ties together the var-
ious phases of the development
process in order to get better re-
sults, faster. In the past, engineers
and scientists forged their own way, de-
veloping custom software environments
that would allow them to combine data
acquisition and analysis. Today, however,
new tools are available to support this
way of working and provide a way to get
up and running — and done — faster
than ever before.

For more information, contact the author,
Jane Price, Data Acquisition Marketing Man-
ager, at The MathWorks, 3 Apple Hill Dr.,
Natick, MA 01760; Tel: 508-647-7000; Fax:
508-647-7016; or visit www.mathworks.com
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& Data-Filter Algorithm for Monitoring a Power System

In the manner of human experts, redundancy is utilized to detect anomalies.

Lyndon B. Johnson Space Center, Houston, Texas

An algorithm has been developed for
a computer-based electronic system that
would aid human ground controllers in
monitoring data from sensors in the elec-
tricpower system of the International
Space Station. Among other things, the
algorithm encodes knowledge of human

experts; thereby harnessing the ability of

computers to do diagnostic calculations
that human experts would do but that
take much longer when done manually.
The algorithm also has potential for ap-
plication to a variety of systems outside
the aerospace industry.

The Space Station power system is char-
acterized by two levels of redundancy: (1)
two or more sensors measure the same
value; and (2) synthetic (probable) mea-
surements can be generated by taking ac-
count of physical laws that govern the
monitored power system. Traditionally,
ground controllers utilize the second level
of redundancy in that they compare any
suspicious sensor measurements against

probable measurements, which, hereto-
fore, they have calculated by hand.

Although NASA has employed au-
tonomous electrical power systems for
several years, computers have not been
used to help ground controllers diag-
nose anomalies in sensor measurements.
Control-center consoles have merely
alerted controllers when sensor readings
have exceeded set maximum or fallen
below set minimum values.

The present algorithm systematically
filters possibly conflicting and erroneous
sensor data to determine the most proba-
ble values of critical measurements. The
algorithm generates the most probable
values of current and voltage for the sen-
sors in question, draws conclusions from
statistical information, and indicates, to
ground controllers, one of three possible
types of causes for any anomalies: sensor
failures, soft faults, and sensor drift.

The algorithm, implemented in a C++
computer program, calculates the most

probable values from all available mea-
surements, real and calculated. If a value
does not fall within the 3-standard-devia-
tion (30) range for all measurements, the
measurement that differs most from the
estimated value is eliminated from the
calculation. This procedure is repeated
until either the estimate falls within the
30 range for the remaining measure-
ments or only two disagreeing measure-
ments are left, in which case the value is
considered indeterminate. The most
probable values of sensor measurements
are calculated from the means and vari-
ances of redundant values, creating a
weighted average based on the variance
of each sensor.

This work was done by Wallace Kelly IIT of
Rockwell Space Operations Company for John-
son Space Center. For further information,
access the Technical Support Package (TSP)
free online at wuww.nasatech.com under the
Electronic Components and Systems category.
MSC-22728

€ Portable ECG/EGG Data Recorder

This is a noninvasive unit that interferes minimally with normal activities.

Lyndon B. Johnson Space Center, Houston, Texas

A portable electronic unit with no
moving parts except button switches dig-
itizes and stores a 48-hour record of the
myoelectric activity of the stomach and
heart as sensed via electrodes on the sur-
face of the abdomen. Just as the more fa-
miliar electrocardiogram (ECG) is useful
in diagnosing the condition of the heart,
the digital electrogastrogram (EGG) that
is also obtained by this portable data
recorder is useful in assessing changes in
gastric function.

This unit, called the “BioLog,” was orig-
inally designed to aid studies of gastric
changes and related changes in the activ-
ity of the autonomic nervous system asso-
ciated with space motion sickness in astro-
nauts. However the unit can also be used
on Earth to collect the same or other
types of physiological data from patients
who object to the restrictions imposed by
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traditional stationary physiological moni-
toring equipment. The unit has a volume
of < 1,000 cm® and a mass of 0.68 kg. It
can be mounted on the wearer’s belt or at-

tached to the wearer’s clothing by use of

hook-and-pile fastening material and a
custom-designed pocket.

The unit is connected to high-input-
impedance, low-outputimpedance am-
plifiers that, in turn, are connected di-
rectly (via snap-on fasteners) to the
electrodes on the patient’s abdomen.
This arrangement provides sufficient am-
plification at the signal source and suffi-
cient immunity to extraneous electrical
noise that the signal-to-noise ratio is great
enough for ambulatory recording, unlike
in older EGG recorders in which ambula-
tory recording was rendered useless by
motion-induced artifacts in the signal.

The EGG can be discerned as a shift in

www.nasatech.com

the baseline of the ECG because the char-
acteristic frequencies of the ECG (typi-
cally > 1 Hz) are significantly greater than
those of the EGG (typically = 0.05 Hz).
The unit digitizes and records the
ECG/EGG at a sampling rate of 10 Hz.
When the recorded data are subsequently
analyzed, ‘they are filtered to separate
them into EGG and ECG components.
The unit includes a clock that generates
time tags for the data. A 9-V alkaline bat-
tery supplies the main operating power.
When the main power is off, a capacitor of
about 1 farad supplies backup power to
keep the clock running for 29 days. A 16-
character liquid-crystal device (LCD) dis-
plays the current time (in days, hours, and
minutes) or other information as needed.
The data-storage medium is a static ran-
dom-access memory (SRAM) circuit card.
The SRAM is structured to enable the

NASA Tech Briefs, July 2000
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Sony digital data
recorders give you incredible
performance and superior
reliability in lightweight,
compact configurations that
fit almost anywhere.

Our SIR-1000 series captures
critical analog and digital data (or
analog and synchronized video
data with our optional video card)
at speeds up to 160kHz and 24
Mb/sec for as long as 2 full hours
(32 hours max. at lower band-
widths). Utilizing the Advanced
Intelligent Tape standard, they can
store up to 25 Gbytes (non-com-
pressed) on a single AIT cartridge.
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For situations demanding
lower bandwidth, but equally

rugged performance and reliability,
Sony provides the PC200AX series.

These portable, DAT-based
digital data recorders have band-
width from DC to 20kHz, can
be configured up to 128 channels,
and allow recording times up
to 6 hours.
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Sony Precision Technology America, Inc. 20381 Hermana Circle, Lake Forest, CA 92630

Compact Size:

And with
their easy-to-use
WindowsNT®-based
software, Sony digital
data recorders make your data as
easy to analyze as it is to record.
So, if you only have one chance
to get it right, get the digital data
recorder that won’t let you down.
Call us at 1-949-770-8400, or visit
us at www.sonypt.com.

ICP is a registered trademark of
PCB Piezotronics, Inc.
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recording, within the single data channel,
of event markers and other ancillary in-
formation time-ocked to the ECG/EGG
data. The recording of ancillary data in-
volves the insertion of alternate data struc-
tures in the data stream. Two types of ac-
tivity and the associated alternate data
structures are accommodated; those that
involve suspension of data logging and
those for which the data recorded before
and after are contiguous in time.
Activities that involve suspension of
data logging include turning power on or
off, resetting the clock, resetting record-
ing to the beginning of the SRAM (this

erases all data recorded previously), and

calculation of system resources (battery
power and the remaining unused portion
of the SRAM). Activities that do not in-
volve suspension of logging include the
insertion of event markers by pressing of
button switches on the outside of the
unit. Five button switches and corre-
sponding event markers are available and
can be defined as the user sees fit, with-
out modification of hardware or software.
An alternate data structure identifies
which event-marker button has been
pressed and causes the report of the
event to be time-locked to the data that
follow. At the moment when an alternate
data structure is inserted, the ECG/EGG

for 30 days!

Discover for yourself
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data are stored in a buffer so that no dis-
continuity in the data occurs. To prevent
activation by accidental contact, an event
marker is not inserted until the corre-
sponding button switch has been pressed
for 1 second. When the data are subse-
quently analyzed, the alternate data struc-
tures are removed and, in cases of no in-
terruption in logging, the data from
before and after are concatenated.

An error code is displayed on the LCD
to alert the user to problems with the op-
eration of the unit. There are four error
codes; the first indicates that the battery
charge is too low, the second indicates
that the SRAM card is inserted improp-
erly, the third states the SRAM card is
write-protected, and the fourth indicates
that the SRAM was not properly initial-
ized. The occurrence of any of these con-
ditions prevents operation.

This work was done by Deborah L. Harm of
Johnson Space Center, Gwenn R. Sandoz
and Charlene R. Jacobsen of KRUG Life Sci-
ences, and Harve M. Hanish and Marty
Loughry of UFI, Moro Bay, CA. For further in-
Jormation, access the Technical Support Package
(TSP) free on-line at wuww.nasatech.com under
the Electronic Components and Systems category.

In accordance with Public Law 96-517,
the contractor has elected to retain title to this
invention. Inquiries concerning rights for its
commercial use should be addressed to

KRUG Lafe Sciences, Inc.

1290 Hercules, Suite 120

Houston, TX 77058

Refer to MSC-22677, volume and number
of this NASA Tech Briefs issue, and the page
number.

Software Facilitates
Access to a

Scientific Data Base

This program supports
cooperative international
scientific efforts.

Goddard Space Flight Center,
Greenbelt, Maryland

The Coordinated Data Analysis Work-
shop Web (CDAWeb) is a web-based ser-
vice that facilitates access to a scientific
data base of the International Solar-
Terrestrial Physics (ISTP) program and
other programs that generate public
scientific information. In this data base,
physical-science parameters from di-
verse international sources are stored
in the Common Data Format (CDF)
standard developed by the National
Space Science Data Center (NSSDC).
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The data of the ISTP program and the
CDAWeb service are parts of NASA’s
contribution to the Solar-Terrestrial Sci-
ence Initiative of the Inter-Agency Con-
sultative Group (IACG), a multinational
space-science coordinating group.
Under the auspices of IACG, CDAWeb
mirror sites have been established at the
Equator-S science center at the Max-
Planck Institute in Garching, Germany,

CDAWeb is built using standard soft-
ware packages. The “engine” of CDAWeb
is a set of scripts in the Interactive Data
Language (IDL) of Research Systems
Inc. (RSI). CDAWeb also includes web-
page software components and common
gateway interface (CGI) scripts that act
as interfaces between the IDL scripts and
the user, plus supporting software utili-
ties to create the metadata data-base files

sites does not include IDL, which is a
commercial product that must be ob-
tained separately.

This work was done under the direction of
Robert E. McGuire of Goddard Space Flight
Center. For further information, access the
CDAWeb service at hitp://cdaweb.gsfc.nasa.gov
or the Technical Support Package (TSP) free
on-line at www.nasatech.com under the In-
Jformation Sciences category.

and at the Rutherford Appleton Labora- used by the interface scripts. The - GSC-14292
tory in the United Kingdom. CDAWeb software package for mirror
User CDAWLib
by of data boing (Set of IDL Procedures)
m;emdviaasaﬁesdﬂmm 2 ’
» Receive output as page-embedded > < »| —read my CDF
— HTML links to Graphics Interchange oz
Format (GIF) plots « IDL creates specified
~ HTML links to American Standard ik ied
(ASCHI) listings A
—HTML links to data (in CDF)
* Master CDFs
« Data (in CDF files)
= |
CDAWeb Metadata
Data-Base (MDB)
Generator (MDBG)
Data Pipeline

CDAWeb Assists the User in obtaining scientific data that have been stored in a prescribed format.

¢3 A Standard for Scientific Data Files

This standard and the software that implements it facilitate collaboration among scientists.

Marshall Space Flight Center, Alabama

The term “Instrument Data File Set”
(IDFS) denotes both software and an
underlying concept of a prescribed for-
mat for files of scientific data and meta-
data. The IDFS was developed to satisfy a
need, in the space science community,
to maintain data and metadata in a for-
mat that promotes efficient use of the in-
formation and that facilitates access to
the information, thereby enhancing the
ability of scientists to engage in collabo-
rative research. Within the space science
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community, the IDFS has become a stan-
dard by default.

Metadata, which accompany scientific
measurement data, can include informa-
tion about formats of measurement data,
parameters of scientific instruments, cali-
bration tables, tables for conversion of mea-
surement data to scientific units of mea-
surement, timing factors, and other
information that does not necessarily origi-
nate from scientific instruments but is nec-
essary for research. The IDFS software pro-
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vides easy access to IDFSformatted data via
a catalog subsystem and data access rou-
tines. The catalog subsystem contains infor-
mation about which IDFSformatted data
are available for use. The data access rou-
tines extract IDFSformatted data in a vari-
ety of ways for meaningful presentation.
The IDFS concept and software ad-
dresses the deficiencies of other methods
for the storage and representation of
space science data. Two key tasks that can
be performed with the help of the IDFS
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software are the conversion of telemetry
values to engineering and scientific units
and the registration of each datum with a
given point in time; in this respect, the
IDFS enables efficient presentation of

the data from simultaneous measure-
ments made on different instruments.
This work was done by Carrie Gonzalez,

Joey Mukherjee, and Sandee Jeffers of South-

west Research Institute for Marshall Space

Flight Center. For more information, con-
tact the Southwest Research Institute at
(210) 522-2010.

MFS-31325

13 Software for Display and Analysis of Scientific Data
Data can be obtained from globally distributed archives, then displayed and analyzed quickly.

Marshall Space Flight Center, Alabama

The Southwest Data Display and Analy-
sis System (SDDAS) is a flexible, extensi-
ble software system intended to support
analysis of space physics data from mult-
ple instruments and multiple spacecraft
missions. SDDAS was developed in re-
sponse to the need of space scientists to
be able to gain access to data and to dis-
play data, without concern about data
management details, so that they can
focus their efforts on scientific research.

SDDAS gives the scientists a software
that can bridge the gap be-
tween data and scientific insight. SDDAS
makes it possible to quickly display and
analyze data in distributed archives from
many different satellites and other
sources by use of a diverse set of graphical

“toolbox”

application programs. Data can be or-
dered and delivered over the Internet, in-
dependently of the locations of archives
and of the nature of the archival storage.

The graphical software tools are the
heart of SDDAS and are oriented toward
the examination of data in the Instrument
Data File Set (IDFS) format, which is the
subject of the preceding article. The devel-
opment of SDDAS has been “bottom-up”
rather than “top-down” and user-driven
rather than organization-driven. SDDAS is
adaptable to advances in computer tech-
nology; that is, it was designed to evolve in
order to take advantage of new technology
and changing users’ requirements.

By using SDDAS, scientists can do a
great deal of science without developing

new software.
essary for using SDDAS display and ana-
lvze data is to store the data in the IDFS
format.

The only preparation nec-

In addition to enabling space
scientists to focus more readily on re-
SDDAS facilitates collaborative
research through its flexibility, its em-
phasis on interactive analysis, and its ca-
pability for providing immediate access
to data in globally distributed archives.
This work was done by Carrie Gonzalez,

search,

Joey Mukherjee, and Sandee Jeffers of South-

west Research Institute for Marshall Space
Flight Center. For more information, con-
tact the Southwestern Research Institute at
(210) 522-2010.

MFS-31327

Fluke Data Acquisition.

The complete picture in data acquisition.

FLUKE.

Fluke offers portable, wireless and networked data acquisition
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Dewetron, Charlestown,
RI, offers the DEWE-
3010-AC and DEWE-
3010-DC portable data
recorders that feature 8
slots for plug-in DEWE-
MODULES that range
from 1 to 8 channels
each and adapt the sys-
tem

to any sensor or
The record-
ers combine an industri-
al-grade computer, A/D card, and any assortment of plug-in signal
conditioners.

The 3010-AC operates from AC power, automatically switching
from 90 260 VAC, and from 40 to 400 Hz line frequency in any com-
bination. The 3010-DC operates from DC power, from 9 to 32 VDC,
and includes an internal UPS that keeps the system running for up to
5 minutes without power. Both units’ CPU board, RAM, hard drive,
A/D card, and other components can be upgraded.

transducer.

For More Information Circle No. 730

Cole-Parmer Instrument, Ver-
Hills, IL, offers a
digital data re-
corder that uses a single pen to
produce a chart, and chart
data and up to four traces on
blank, heat-sensitive paper.
The microprocessor-based re-

non
Honeywell®

corder allows the four traces to
share the same timeline, elimi-
nating errors due to pen align-
ment offsets.

Printed chart data such as
range markings, engineering
units, digital values, time/
date, and channel identifiers
make the chart application-specific. The recorder features a pass-
word-protected lockout that prevents unauthorized changes to con-

figurations and calibrations. The unit accepts DC voltage, current,
thermocouples, and RTD inputs.

For More Information Circle No. 734

The IP340 IndustryPack data mezza-
nine module from Acromag, Wixom,
MI, provides 16 analog inputs that
are sampled as two eight-channel
banks. Eight A/D converters permit
simultaneous conversion of all 8
channels in a bank. A FIFO buffer
holds the first bank’s data while the
second bank is
buffers can hold up to 512 samples.

converted. The

Conversion of each bank requires 8
uS, and all 16 channels can be sam-
pled in 16 uS.

The channels or bank to be con-
verted, timing, scan mode, and other

parameters are user-programmable.
Up to 80 input ch.mmls can be accessed through a single card slot.
By installing different modules on a carrier card, users can build a
custom I/O board. Analog 1/0, digital I/O, serial communication,
and other types can be mixed in any combination.

For More Information Circle No. 731

I0tech, Cleveland, OH, offers the
WavePort™ portable PC-based data
acquisition systems designed for
field applications. Each unit comes
with 16-bit resolution, 1-MHz sam-
pling, external clocking, pulse trig-
ger, and up to 24 channels of signal
conditioning. The unit is packaged
in a non-conductive case with built-
in battery/UPS system. The case
accommodates most notebook PCs
and power adapters.

The WavePort/PE provides eight
channels of dynamic signal input;
the WavePort/V provides 8 to 24 differential input channels with a
voltage range of 10 to 30 VDC. Both models include WaveView™
set-up, acquisition, and display software that allows data to be export-
ed for analysis in formats such as Excel, MATLAB, and DADIiSP. The
units also feature driver support for data acquisition programs such
as DASYLab and LabVIEW.

For More Information Circle No. 735

The 3630 Series of
compact data loggers
from Hioki USA
Cranbury, NJ,
consists of seven units

Corp.,

that are about the size
of a credit card, and
weigh approximately
2.5 ounces. The mod-
els include the 3631-20
temperature/humidity
logger, the 3631-20 temperature loggers with either built-in or exter-
nal sensors, the 3635-20 instrumentation logger, and the 3635-21,-22,

and -23 voltage loggers.

The loggers have a recording capacity of 16,000 data points. Non-
volatile memory is used for data storage. A fourstep indicator shows
the degree of battery consumption, providing an indication of
remaining life. By using the 3910-20 communications base, data
recorded can be transferred to a PC for processing. The base accom-
modates up to 16 channels of data.

For More Information Circle No. 733

Tracewell Systems, Wester-
ville, OH, has introduced
the cCPI and H.110 Tele-
com CompactPCI back-
planes for industrial and
data applications. The
backplanes combine stan-
dard architecture and
high-frequency telecom-
munications design for 6U
board heights, and are
available for various slot
sizes. The cCPI backplanes
pl()\ld(‘ a 64-bit CompactPCI bus, and power terminals are positioned
adjacent to the system slot for efficient power distribution and wiring.

The H.110 backplane combines a 32/64-bit compatible
CompactPCI bus with an embedded TDM bus, and utilizes a 10-layer
board design. The 14-position system header provides logic return
and remote sensing for +5, +3.3, and 12 VDC.

For More Information Circle No. 732
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Scientific information worth repeating.

Introducing the Web’s most complete site for science and engineering.

This is the site scientists and engineers have been bleating for: filled /‘

with grant opportunities, teaming opportunities, career opportunities, mw‘lse' com
scientific and research products, one of the Web's largest libraries of The Werkplaca foF Seissics sid ERsERinl 1

published research and more. And here's something definitely worth

repeating: the Web's most complete science and engineering site is

FREE. Yes, FREE! Join the herd that's heading for the best science and

engineering site by visiting www.sciencewise.com.

For More Information Circle No. 573



Electronic Components and Systems

& System Locates Lightning Strikes to Within Meters

Locations are determined from propagation times for electric and sonic fields.

John E. Kennedy Space Center, Florida

A system for determining the locations
of nearby lightning strikes from electric-
field and acoustic measurements has
been developed and built. The system in-
cludes at least three receivers, each
equipped with an antenna and a micro-
phone. For each strike, the system mea-
sures the difference between the times of
arrival of the electric-field and sonic
(thunder) pulses at each receiver, com-
putes the distance of the strike from the
time difference and the speed of sound
(about 320 m/s), then uses the distances
to determine the location of the strike.
The basic concept of this system is thus a
variant and extension of the time-hon-
ored concept of estimating the distance
of a lightning strike from the difference
between the times of arrival of the visible
flash and the audible thunder.

“Nearby” as used here signifies that the
receivers and the lightning strikes of in-
terest are located at distances of the order
of 1 km from each other. Older lightning-
location systems cover observation areas
with radii of the order of 30 miles (48
km), and typically locate lightning strikes
with errors of the order of 0.5 km or
more; thus, the older systems do not lo-
cate strikes accurately enough for pur-
poses of assessing actual or potential dam-
age by lightning to specific structures and
pieces of equipment. The developmental
system locates strikes to within errors of
the order of a meter.

Unlike in some other systems, there is
no need for expensive, high-speed wave-
form digitizers. Instead, the leading edge
of the electricfield pulse detected in each
receiver is used to start a timer, and the
leading edge of the thunder pulse arriv-
ing at the same receiver is used to stop the
timer. A microcontroller in each receiver
transmits the time thus measured to a pro-
cessing station, where the times are con-
verted to distances that are used to com-
pute the location of the lightning strike
(see figure).

The accuracies achievable by older
systems and by this system can be com-
pared via consideration of the time-mea-
surement problem. Given that the ap-
plicable speed in this system is the speed
of sound, even a timing error as large as
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Receiver 1

Receiver 3

Electric-Field
Antenna

Amplifier

el 1 .
- t Time Difference Between
- s i Lightning and Thunder
Microphone
Amplifier
ONE OF THREE RECEIVERS

LOCATING A LIGHTNING STRIKE

Receiver 2

The Distances of Three Receivers from a lightning strike is computed from the speed of sound and
the times for propagation of thunder to the receivers. The location of the strike is identified as the

intersection of radii equal to these distances.

1 ms in this system would result in a dis-
tance error of only about 0.3 m. How-
ever, in a typical older system based on
the speed of light, the allowable timing
error to achieve such accuracy in dis-
tance would be only about 1 ns.

Thus far, only one receiver has been
tested. It has been shown to be capable of
measuring the distances to lightning
strikes. Optionally, the fully developed sys-
tem could contain more than the mini-
mum of three receivers needed to deter-
mine the location of a lightning strike
unambiguously under ideal conditions.
The additional receivers could be used to
enhance accuracy under nonideal condi-
tions. By use of a suitable algorithm, the
partly redundant data from more than

www.nasatech.com

three receivers could be used to resolve
uncertainties introduced by wind and by
echoes from nearby objects. The wind
problem is especially important because
in the presence of wind, the equal propa-
gation-time distance contour around each
receiver becomes distorted from a circle.

This work was done by Pedro |. Medelius,
formerly of IENET, Inc., for Kennedy Space
Center. For further information, access the
Technical Support Package (TSP) free on-line
at www.nasatech.com under the Electronic
Components and Systems category.

Inquiries concerning rights for the commer-
cial use of this invention should be addressed to
the Technology Programs and Commercializa-
tion Office, Kennedy Space Center, (407) 867-
6373. Refer to KSC-11992.
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The industry’s most advanced high-resolution DMMs all come

with built-in switching mainframes ideal for production testing.
g This on-board scanner lets you easily begin testing up to 10
N () () N E measurement points with specified measurement performance.
In addition, the 2000-20 version of the 2000 comes with

else haS a 20 channels.

The 2000 Series DMMs share innovative

V= — _ A/D converter design and unique front-end
U L l___ I N E | ' ¢ technology for high repeatability and accuracy.

awvvwﬂ b6 | 7 The Model 2010 (7': digits) has capabilities
- m ) : for high-speed production testing of active
of DMMs with oo . .
" and passive components and subassemblies

at a breakthrough price. The high performance

B L, l LT_ l N Models 2001 (7': digits) and 2002 (8": digits) deliver excep-

tional resolution, accuracy, and sensitivity combined with high
throughput at thousands less than comparable instruments.

sCann | ng ma | nfra mes. For complete specs on these DMMs, a full-line catalog, or

to talk with an Application Engineer, contact Keithley

W s
~- . » " today at 1-888-534-8453.
NO ONE =N
1 - B : 3
-y & ’

Visit our website at www.keithley.com

4
el g KEITHLEY

A WorRLD OFfF MEASUREMENT " SONLUTIONS

MODEL 2000/2000-20 2010 2001 2002

¢ Resolution 6': digits 7'/ digits 7'/ digits 8" digits

* DC volts 100nV - 1000V 10nV - 1000V 10nV - 1100V InV - 1100V
¢ AC volts 100nV - 750V 100nV - 750V 100nV - 775V 100nV - 775V
* Ohms 100p€2 — 120MQ 1pQ - 120MQ 140 - 1GQ 100n02 - 1GQ

¢ DC amps 10nA - 3A InA-3A 10pA-2.1A 10pA-2.1A
1pA-3A TpA - 3A 100pA - 2.1A 100pA - 2.1A

For More Information Circle No. 544



& Flip-Chip W-Band Amplifier: a Prototype of Q-MMICs
Q-MMICs offer an economical alternative to MMICs.
NASA's Jet Propulsion Laboratory, Pasadena, California

A prototype W-Band, low-noise ampli-
fier has been fabricated by bump-bond-
ing a high-speed, low-noise InP high-
electron-mobility (HEMT) transistor
onto the previously fabricated passive
portion of the amplifier circuit on a
GaAs substrate (see figure). The passive
portion of the circuit can be regarded as
a monolithic microwave integrated cir-
cuit (MMIC) that differs from a com-

plete MMIC amplifier only in its lack of
a single active device (the HEMT).
Therefore, the bump-bonded combina-
tion of the active device and the passive
portion of the circuit is characterized as
a quasi-monolithic millimeter-wave inte-
grated circuit (Q-MMIC).

Heretofore, it has been necessary to
resort to expensive custom fabrication
of MMICs to satisfy requirements for

The Right

Elements

oue Cole-Parmér

800-323-4340 www.coleparmer.com

Cole '
‘ Parmer

Discover the elements of

Cole-Parmer. Call or visit our
Web site for your free catalog.

877-573-5530

www.coleparmer.com

Coming soon—the

2001/02 Cole-Parmer® ]
General Catalog has ‘
expanded to over ‘
2,200 pages featuring ‘
exclusive, hard-to-find \
items along with the |
basics you expect.

Brand name products,
expert technical
support, and easy ;
ordering.

40 For More Information Circle No. 428

special-purpose millimeter- and sub-
millimeter-wave circuits that have not
been commercially available. In com-
parison with MMICs, Q-MMICs offer
the potential advantages of lower cost
and greater design flexibility, in the fol-
lowing respects:
¢ Part of the reduction in cost is at-
tributable to the conservation of ex-
pensive semiconductor area for the
fabrication of active devices,
junction with the use of cheaper sub-
strates for the more expansive passive

in con-

circuitry.

One can ensure higher circuit overall
performance and production yield by
testing components prior to assembly
and bonding.

This approach affords the flexibility to
mix and match discrete active devices
with more-easily-fabricated passive cir-
cuits and circuit components to create
custom high-performance circuits.
Because the discrete active devices
and the passive circuits are fabricated
separately, the subprocesses for fabri-
cating each component can be less
complex, and thus the overall fabri-
cation process can be simplified.

By bump bonding, one can hybridize
the best-available active devices with
passive circuits. In so doing, one can
take advantage of (1) the flexibility af-
forded by the use of discrete micro-
wave integrated circuits, (2) the per-
formance advantage of MMIC’s, (3)
short design and fabrication times, (4)
low costs of fabrication, and (5) un-
compromised frequency performance.
In order to make the present flip-
chip (bump-bonding) approach viable,
it was necessary to solve two major
problems. The first problem was to
minimize parasitic millimeter-wave res-
onances associated with the metal
bonding bumps. The solution of this
problem was simply to make the bumps
smaller than they had been made pre-
viously. The reduction in parasitic reso-

nances associated with the bumps en-
ables the amplifier circuit to operate at
higher frequencies.

The other problem was to make it
possible to handle the HEMTs by use of
a conventional vacuum chuck. These
particular HEMTs were small enough
to pass through the vacuum hole in the
collet on the vacuum chuck. It was nec-
essary to fabricate a collet adapter with
a vacuum hole only 50 pm wide; be-
cause a bit for drilling such a narrow

NASA Tech Briefs, July 2000



HEMT

PASSIVE PORTION OF
AMPLIFIER CIRCUIT

An InP HEMT Like the One Shown at the Top was bump-bonded onto the passive portion of the am-
plifier circuit. Near the center of the passive circuitry are six Au/Sn bumps for fluxless bonding with
the HEMT. The six marks on the contact pads are not bonding bumps but, rather, marks left by rou-
tine screening with wafer probes.

ANOTHER

WORLD CLASS MULTI-TASKING JUST GOT BETTER

see THE UGHT AT WWW.XES.com S

NASA Tech Briefs, July 2000 For More Information Circle No. 402

hole does not exist, the collet (l(i.ll)l(‘l
was micromachined from silicon. The
collet adapter was also refined by mak-
ing the hole in a pedestal on which sev-
held
closely together for bump bonding

eral discrete devices could be

onto the same circuit. This refinement
makes it possible to assemble more
complex circuits that contain multiple
discrete devices — for example, a mul-
tistage amplifier.

In a performance test covering the
frequency range from 85 to 120 GHz,
the prototype W-band amplifier was
found to operate with a peak gain of
about 6 dB at a frequency at 91 GHz,
falling off to about 0 dB at 117 GHz.
T'he highest previously published oper-
ational frequency for an amplifier fab-
ricated by bump bonding a discrete ac-
tive device onto a passive circuit was
about 60 GHz.

This work was done by Paul Pinsukan
jana, Lorene Samoska, Todd Gaier, R. Peter
Smith, Alexander Ksendzou, Michael Fitzsim-
mons, and Suzanne Martin of Caltech and
Richard Lai of TRW for NASA’s Jet Propul-
sion Laboratory. For further information,
access the Technical Support Package (TSP)
free on-line at www.nasatech.com under the
Electronic Components and Systems category.
NPO-20650

XEROX
AccXES™ CONTROLLER. WIDE FORMAT DOCUMENT PRODUCTION AT BREAKNECK SPEED ENGINEERING
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@ Special Coverage: Test and Measurement

Technology Forecast

This month’s technology forecast for the test and measurement industry is contributed by
Peter M. Ostrow, President and CEO of TestMart, San Bruno, CA. Peter discusses how e-commerce
will affect the efficiency and effectiveness of test and measurement.

he venerable test and measurement

industry has been through dramatic
changes in the past few years. Manufac-
turers have begun to need more effec-
tive and efficient ways to reach and serve
their customers. Equipment users are
following new rules to locate and pur-
chase general-purpose and specialized
test equipment in a cost-efficient and
timely manner. Distributors, brokers,
and independent manufacturer sales

"Cl.'lstomés' need ho_tbé

to satisfy each of those needs with a sin-
gle web site. Application assistance from
experienced engineers and parametric
search tools can be provided that enable
engineers to search and create side-by-
side comparisons across the thousands
of available products, and identify engi-
neering equivalents across the hun-
dreds of test and measurement manu-
facturers. The same site can give
engineers and corporate purchasing of-

“major

accounts” or reside in central locations
to be served with product, price, and
availability information because the

Internet is everywhere for everyo

representatives are redefining them-
selves and reassessing the value they cre-
ate and the costs associated with their
businesses.

An innovative answer to each of these
challenges is a net marketplace, where
buyers, sellers, and all interested mem-
bers of the industry meet to exchange
information and conduct business. This
new e-commerce marketplace creates a
new set of rules for the marketing, pur-
chase, use, and sale of test equipment.

The Marketplace

It is important to approach the mar-
ket from the engineer’s perspective —
providing information to help them bet-
ter understand and solve their test or
measurement problem, defining prod-
uct categories for equipment they need,
and illustrating what parameters are im-
portant to reach a product category de-
cision. Until recently, acquiring that in-
formation on a specific instrument,
whether an oscilloscope or a signal gen-
erator, meant spending hours “normaliz-
ing” specifications, contacting numer-
ous, wideranging sources, and
evaluating disparate acquisition options.

Today, the Internet gives us the power
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ne.

determine

ficers information to
whether to buy, rent, or lease new, used,
or refurbished instruments, as well as to
access data on pricing, availability, deliv-
ery method, condition, warranty, and
service agreements.

Users also can establish which manu-
facturers sell direct and which sell
through independent representatives,
what products distributors sell, and why
some channels discount where others do
not. They also can consult the site to
confirm quoted delivery times, deter-
mine the value of old equipment, and
find out if they're getting top dollar in
trade-ins or resale.

A test and measurement net market-
place can answer all these questions
clearly and accurately, and enable the
user to complete the transaction in a se-
cure, neutral, and easy-to-use environ-
ment.

The New Rules

Rule #1: Universal — Serves all manufac-
turers and all customers. The Internet has
become nearly universal — almost every
manufacturer has a web site, and most
test equipment customers use the Web
at work. But a site is only as good as the

www.nasatech.com

information and access it provides. No
single manufacturer or distributor web
site can help the customer find who car-
ries a product, compare it with compet-
ing products, determine price and avail-
ability, and order it securely online.

A neutral site, however, complements
manufacturers’ marketing activities. Un-
biased product comparisons make cus-
tomers aware of manufacturer’s prod-
ucts. Electronic data sources and the
order entry process can be coordinated
with sales channels to avoid the cost of
redundant marketing systems. A net
marketplace is an effective marketing ve-
hicle for new products, reconditioned
products, demo equipment, and excess
inventory. Customers are no longer ex-
cluded by limitations of sales channels
or the cost of marketing because the site
serves customers large and small. Cus-
tomers need not be “major accounts” or
reside in central locations to be served
with product, price, and availability in-
formation because the Internet is every-
where for everyone.

Rule #2: Affordable — Lowest cost distri-
bution channel. E-commerce offers many
benefits to buyers and sellers. But the
cost to maintain a viable web site that
presents product, pricing, and availabil-
ity information, in addition to accepting
and tracking orders, is estimated at over
$1 million per year, and rising. That puts
e-commerce beyond the reach of any
small manufacturer, and even beyond
the tight budgets of many larger ones.
Most firms would also need to develop
expensive electronic back offices to sup-
port sites of their own.

The presence of a definitive test and
measurement commerce and informa-
tion site means any manufacturer can af-
ford to participate in a bestin-class e-
commerce system that is centrally located
and securely hosted. The manufacturer
saves the cost of developing its own site,
gains access to a broader range of cus-
tomers, avoids channel conflicts, lowers
distribution costs, and provides cus-
tomers with the information they need.
Distribution costs also can be reduced.

NASA Tech Briefs, July 2000



Rule #3: Neutral — Reliable, unbiased
product comparisons. An effective, neutral
commerce and information site presents
normalized, unbiased data that lends
product exposure to manufacturers and
gives customers the power to make in-
formed purchase decisions.

Rule #4: Convenient and Secure —Price
and availability online. Test and measure-
ment professionals need more than
equipment performance data. An effec-
tive commerce and information site must
be a central online source of reliable or-
dering information. Price and availability
data must be updated by manufacturers
in real time using secure and controlled
remote access. A safe, secure environ-
ment must protect the information with-
out impeding the process.

Rule #5: Informative meeting place. An ef-
fective web site can centralize vast
amounts of content and facilitate rela-
tionships, and a true test and measure-
ment net marketplace will be a source of

information and ideas from leading
publishers and analysts for the entire in-
dustry. By consolidating news articles,
applications notes, white papers, and
reference libraries, as well as links to in-
dustry sources such as professional asso-
ciations and calibration libraries, the net
marketplace will be an Internet entry
point of choice for anyone interested in
test and measurement.

Rule #6: A secondary market for asset
management. An effective commerce
and information site can help cus-
tomers better manage their test equip-
ment assets. Customers can explore
rental and lease options on the site for
products they need for short periods
or prefer not to own. The site also can
offer a unique, low-cost outlet for re-
cycled, used, and excess inventory.
Customers and manufacturers who
have surplus assets can offer them for
sale in a safe and secure environment;
a substantial improvement over tran-

* 7/

sient, ad-hoc brokerage and auction
activities.

The Definitive Marketplace

A true test and measurement net mar-
ketplace will serve leaner, more focused
manufacturers who must reach large
numbers of new customers located
throughout the world. It will satisfy cus-
tomers with convenient, reliable access to
data they can use to compare products,
accurate and timely price and availability
information, and provide an easy, secure
way to purchase what they need, when
they need it. It supports wise asset man-
agement with a viable secondary market
for both buyers and sellers. Most impor-
tantly, it will be accessible to everyone in
the test and measurement marketplace.

For more information, contact the author
at TestMart, 851 Traeger Ave., San Bruno,
CA 94066; Tel: 888-665-2765; Fax: 650-
624-0535; e-mail: postrow@testmart.com; or
visit www. testmart.com.
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WiTH THIS.

The power of Digital Broadband makes
possible an entirely new approach to the test
and measurement of wireless components and
systems. Using this dynamic capability, Celerity
has created a series of "virtual" instruments that
provide the power, speed and flexibility to test in
ways you never before imagined.

More Data Test analog and digital signals
with multiple coherent or independent input
and output channels quickly, conveniently and
cost-effectively. Bandwidths up to 160 MHz and
memory to 32 GB.

More Speed Utilizing the fastest embedded
Pentium and SPARC platforms, these instruments
zip through signal measurements. Ultralinear 8,
10, 12 and 14 bit ADCs and DACs provide the
dynamic range needed for 3G, 1S-136, EDGE
and other broadband wireless testing. Signal
acquisition and waveform generation functions
cover the spectrum from RF to 40 GHz with our
high performance frequency converters.

More Flexibility Through the use of
Celerity Systems’ unique architecture, these
“virtual” instruments create a completely open
test environment offering a selection of analysis
functions. Digital Broadband allows you to
change the measurement utility through the use
of software based "Virtual Instrument Modules".

Now stand-alone test instruments can be
replaced with one box that does everything
you need, faster and better. And it is available
at a price that will keep your program
market-competitive.

Whatever your testing challenge may
be - product evolution, pre-standard release
verification, prototyping, field-testing, or final
production test and implementation, your
capabilities should match your technology.
Let us show you how we can help.

Check out the details at www.csidag.com
or call 888-274-5604 for more information.

THE POWER OF DIGITAL BROADBAND FOR WIRELESS TEST.

Celerity Systems

an 19 communications company

10411 Bubb Road Cupertino, CA 95014 + Phone (408) 873-1001 * Fax (408) 873-1397
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Test and Measurement

{®»Measuring NO and OH Concentrations at High Pressure

An optoelectronic laboratory apparatus could be developed into a portable instrument.
John H. Glenn Research Center, Cleveland, Ohio

An apparatus based on line-of-sight
resonant absorption of ultraviolet light
yields measurement data from which
one can calculate the concentrations of
nitric oxide (NO) and of hydroxyl radi-
cals (OH) in a laboratory flat flame at a
pressure up to 30 atm (=3 MPa). The
basic measurement principle is distinct
from the principles of laser-induced flu-
orescence and other laser diagnostic
techniques; hence, the data generated
by this apparatus could provide inde-
pendent verification of data from laser-
based instruments.

Line-of-sight resonant absorption of
ultraviolet light has been in use at least
since 1976; however, until now, it had
not been experimentally verified to be
useful for determining NO and OH con-
centrations at pressures above 2 atm
(=0.2 MPa). The high-pressure-flame
regime of the present development was
chosen because it is representative of
conditions at the exit of advanced com-
bustors. The design of the apparatus and
the measurement principle are simple
enough that it should be possible to de-
velop the apparatus into a portable op-
toelectronic instrument that could be
set up in combustor or engine test cells.

In the apparatus (see figure) a water-
cooled hollow-cathode lamp generates
ultraviolet light, which is collimated and
directed through a test cell that contains
the flame to be probed. The portion of
the collimated beam that remains after

spectral lines generated by the recombi-
nation of O and N with N, and O..
Thus, the emitted light includes compo-
nents that resonate with the absorbing
species of interest. Although one could
use a continuum light source (at least in
principle), resonant absorption offers
the advantage of a greater signal-to-
noise ratio. For measuring the concen-
tration of OH, the lamp is operated in a
similar manner except that the glow dis-
charge is created in an atmosphere of
argon saturated with water.

The spectrum of transmitted light is
well approximated by a mathematical
model of transmissivity as a function of
wavelength, the temperature of the
flame, the length of the optical path
through the flame, and the concentra-
tion and optical-absorption characteris-
tics of the gas species (NO or OH) of in-
terest. The model was developed to
nearly its present form in 1980 and was
refined, for use in the present applica-
tion, by incorporating terms to account
for shifting and pressure broadening of
spectral lines of both NO and OH.

In use, an assumed value of the con-
centration of the species of interest is in-
serted in the model of transmissivity
along with the known values of the other
quantities and the model is convolved
with a spectrometerslit function to ob-
tain a predicted spectrometer output.
This computation is repeated, if neces-
sary, using different values of assumed

concentration. The concentration of the
species of interest is then deemed to
equal whichever value of assumed con-
centration results in the best match be-
tween the predicted and actual spec-
trometer outputs.

In tests, the apparatus was used to
measure spectra during operation of the
cell with flames at two different fuel/air
mixture ratios (fuel concentrations of
0.98x and 1.3x stoichiometric) and at
several pressures from 1 to 30 atm. (=0.1
to 3 MPa). Concentrations of NO and
OH were measured independently by a
conventional gas-sampling technique.
The absorption spectra measured by the
apparatus agreed, within 25 percent,
with absorption spectra predicted by the
mathematical model. Continuum ab-
sorption in hot oxygen was found not to
be strong enough to interfere signifi-
cantly in interpretation of the data on
absorption in NO.

This work was done by D. S. Liscinsky, B.
A. Knight, and J. A. Shirley of United Tech-
nologies Research Center for Glenn Re-
search Center. For further information, ac-
cess the Technical Support Package (TSP)
free on-line at www.nasatech.com under the
Test and Measurement category.

Inquiries concerning rights for the commer-
cial use of this invention should be addressed
to NASA Glenn Research Center, Commercial
Technology Office, Attn: Steve Fedor, Mail
Stop 4-8, 21000 Brookpark Road, Cleve-
land, Ohio 44135. Refer to LEW-16914.

passing through the test cell then en-
ters a fiber-optic cable, through
which it travels to the entrance slit of
a computer-controlled grating spec-
trometer equipped with a linear array
of 1,024 photodiodes at its output
plane. The spectrometer measures
the spectrum of light that has passed
through the test cell, at wavelengths
from 208 to 280 nm (for NO) or 300
to 330 nm (for OH) with a spectral
resolution of 0.3 nm.

For measuring the concentration
of NO, a glow discharge in flowing
air at a pressure of 5 to 10 torr (=0.7

Test Cell
Containing a
Flat Flame
o
Hollow-
Cathode Spectrometer
Lamp Lens Lens

to 1.3 kPa) is created in the hollow-
cathode lamp. The light from this
discharge includes discrete emission
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Ultraviolet Light that resonates with absorption spectral lines of a gas species of interest is directed
through the test cell. The spectrum of transmitted light is measured and processed to determine the con-
centration of the species of interest in the test cell.
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@ Automated Apparatus for Testing Gyroscopes

Except for initial setting of conditions, the entire testing process is automated.

NASA’s Jet Propulsion Laboratory, Pasadena, California

Gt Bysteen <>
y jon Card <> Inertial Control
W Connection Box Rate Table
Y
GPIB Instruments 3
Device
'm'm"c’ Power Supply

A

A
Y

Figure 1. This Simplified System Diagram depicts the major functional blocks of the Gyroscope Auto-

mated Testbed.

>

Model 80/Armor
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The Gyroscope Automated Testbed is
a computer-controlled apparatus de-
signed primarily for automated testing
of vibratory gyroscopes. It can also be
used to test other devices: By changing
testing-system/tested-device interface
circuitry that is part of the apparatus,
one can set up the apparatus to test non-
vibratory gyroscopes. The apparatus can
also be used as a general-purpose noise-
analysis system for characterizing a vari-
ety of devices in addition to gyroscopes.

Heretofore, it has been necessary to re-
sort to a manual process to test gyroscopes.
The process is very time-consuming and
requires expensive test equipment. The
present apparatus automates most of the
process for a fraction of the cost.

The apparatus (see Figure 1) is based
on a Pentium II computer with a 16-bit
data-acquisition card and a GPIB (gen-
eral-purpose interface bus) interface
card. Custom software for control of test-
ing and analysis of data has been devel-
oped in Visual Basic. The system is fully
automated and only requires an operator
to initially set the desired testing condi-
tions. The software can perform a rota-
tional-response test, noise characteriza-
tion test, and a powercycle stability test.
Data analysis is performed on the ac-
quired data to characterize the rotational
response and powercycle stability (see
Figure 2 on facing page). A Green chart
and a plot of the power spectral density
(PSD) are generated to characterize the
noise properties of the device being
tested. Device drift and Green charts can
be corrected (linearized) by any other
sampled data set (i.e., the drift data can
be corrected for increasing temperature
over the duration of a test). A report,
which consolidates the results into a con-
venient document, is generated automat-
ically upon completion of all tests. The
software includes provisions for selecting
the tests to be performed, setting test pa-
rameters, saving acquired data to a file,
generating real-time output displays, test-
ing under manual control, and deriving
noise characteristics from previously ac-
quired data.

This work was done by Christopher Evans
and Roman Gutierrez of Caltech for NASA’s
Jet Propulsion Laboratory. For further in-
[formation, access the Technical Support Pack-
age (TSP) free on-line at www.nasatech.com
under the Test and Measurement category.

This software is available for commercial
licensing. Please contact Don Hart of the Cal-
ifornia Institute of Technology at (818) 393-
3425. Refer to NPO-20612.
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Note: "DAQ" signifies “data-acquisition circuits.”
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Figure 2. This Flow Chart represents the automated test procedure implemented by the custom software in the Gyroscope Automated Testbed.
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@ Electromechanical Testing of Microelectromechanical Devices
Devices would be probed at the wafer level before dicing and packaging.
NASA's Jet Propulsion Laboratory, Pasadena, California

A method of electromechanical test-
ing has been proposed for general diag-
nosis, evaluation of performance, and
burn-in (accelerated life testing) of mi-
croelectromechanical devices. The tests
would ordinarily be performed at the
wafer level; that is, after the devices have
been fabricated on wafers but before the
wafers have been diced and the dies
packaged. Alternatively or in addition,
the tests could be performed at other
stages of the fabrication process.

According to this method, a probe
would apply a specified mechanical
and/or electrical stimulus to each device
(sensor or actuator) on a wafer, and the
response of the device to the stimulus
would be measured. The things most
likely to be useful as probes are piezo-
electric transducers because they are
easy to use, rugged, and compact and
they have wide dynamic ranges.

A piezoelectric transducer can func-
tion as a driver, a force-measuring sen-
sor, or both simultaneously. The dis-
placement or change of thickness of a
piezoelectric crystal is proportional to
the voltage applied across it. If the volt-
age applied to a piezoelectric crystal os-
cillates sinusoidally with time, then the

amplitude of the acceleration is propor-
tional to the applied voltage and to the
square of the oscillation frequency. In
that case, the force exerted by the crystal
on a tested device is related to the am-
plitude and phase of the electrical im-
pedance of the crystal.

If sinusoidal excitation were used, the
ratio between the force applied to, and
the resultant acceleration of, a tested de-
vice would be a complex impedance
quantity that could be characterized as
the effective mass of the device; the effec-
tive mass would reflect the mass, stiffness,
and damping characteristics of the de-
vice. If the device were an accelerometer
or pressure transducer, then the effective
mass would include the proof mass (in
the case of the accelerometer) or the
mass of the diaphragm (in the case of the
pressure transducer); the effective mass
could also include part of the mass of a
housing and/or the masses of other
structures that participate in motion.

Piezoelectric transducers for testing
the devices on a wafer could be assem-
bled into a probe station. Typically, each
probe would contain a piezoelectric
crystal that had a specified thickness and
a flat and smooth contact surface that

would match the portion of the wafer
area occupied by a die containing a de-
vice to be tested. The probe would be
fixed to a probe platform with an elas-
tomeric material. Electrical-connection
buttons would also be suspended in the
elastomeric material. The piezoelectric
crystal and connection buttons would be
aligned with the die before lowering the
probe platform and thereby compress-
ing elastomer and preloading the crys-
tal. The compressive preload would be
made large enough to prevent the loss
of compressive load on the crystal at any
stage of the test process.

Once the preload was applied, testing
could begin. The resonance frequen-
cies, damping rates, and performance
parameters of the devices on the wafers
could be measured. Accelerated life test-
ing could be performed by stimulating
the devices at their resonances for ex-
tended times.

This work was done by Frank Hanrtley of
Caltech for NASA’s Jet Propulsion Labo-
ratory. For further information, access the
Technical Support Package (TSP) free on-line
at www.nasatech.com under the Test and
Measurement category.

NPO-20563

{®* Mechanism for Adjusting and Measuring Tension in a Cable
Where measurement is necessary, this mechanism could be preferable to a turnbuckle.
Lyndon B. Johnson Space Center, Houston, Texas

The figure illustrates a simple mecha-
nism designed for anchoring one end of a
cable on a structure and for adjusting the
tension in the cable. Unlike turnbuckles
and other conventional cable-tensioning
mechanisms, this mechanism also facili-
tates direct measurement of the tension

in the cable. Several of these mechanisms
are used in concert in order to suspend a
structure for thermal isolation.

The bracket is used to secure the mech-
anism to the anchoring structure. The
near end of the cable is threaded through
the mechanism and tied off in a loop at

the pin in the stopper. The tensioner bolt
is turned counter-clockwise in the bracket
until the bored conical hole at its outer
end mates with the conical surface of the
stopper, placing the cable in tension.
Further counter-clockwise rotation of
the tensioner bolt increases the tension.

CABLE LOOSE

CABLE IN TENSION WITH TENSIONER BOLT LOCKED

The tension can be measured directly
by simply pulling on the cable with a
force gauge; the tension equals the
measured force that is just sufficient
to unseat the stopper. Once the spec-
ified tension has been achieved, the
tensioner bolt is locked in place by
tightening the jam nut against the
bracket.

This work was done by Ross G. laco-
mini of Johnson Space Center. For fur-
ther information, access the Technical
Support Package (TSP) free on-line at
www.nasatech.com under the Test and

The Tension in the Cable Is Adjusted by turning the tensioner bolt. The tensioner bolt can be locked by use

of the jam nut. The tension can be measured by pulling on the cable loop.
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Measurement category.
MSC-22704
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@I Software

3 Software Improves Management of Dynamic Memory
This software increases efficiency in the allocation and use of storage space.

Marshall Space Flight Center, Alabama

The Dynamic Memory Management
System (DMMS) is a computer pro-
gram that was developed in response to
some major shortcomings of dynamic-

memory-management subsystems of

typical operating systems. It is designed

for use with the VxWorks operating sys-

tem, but is easily ported to other oper-
ating systems.

The shortcomings in question are
the following:

* Memory fragmentation — the waste
of storage space that occurs when
many small blocks of storage space
(buffers) scattered randomly
throughout a memory pool and the

are

memory-management component of

software is unable to coalesce these
small buffers into a larger buffer;

storage space that occurs because an

Memory leak — progressive loss of

error in the storage-allocation com-
ponent of software causes a failure to
deallocate memory space that is no
longer needed for the task at hand;

® Limited or no visibility into usage of

dynamic memory; and
* Unreported overwriting of allocated

memory buffers.

DMMS is designed to overcome
these shortcomings while maintaining
a simplistic interface and providing
rapid execution. DMMS offers the ad-
vantages of the core memory-partition-
manager component of VxWorks;
namely, ease of implementation and
rapid (taking tens of microseconds or
less in typical cases) allocation and
deallocation of buffers. DMMS enables
monitoring of usage of dynamic mem-
ory and integrity of dynamic memory

at buffer-release time; these features
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enable the user to fine-tune DMMS to
obtain the highest possible perfor-
mance and to become aware of gaps in
the integrity of dynamic data buffers.
Going beyond what is offered by Vx-
Works, DMMS offers the following ad-
ditional features:
* Memory is allocated according to the
buddy system instead of a first-fit al-
gorithm. In the buddy system, buffers
are allocated in sizes that are always
powers of two, so that they can read-
ily be joined and/or split. Unused
smaller buffers that have been made
by splitting larger ones are made
available for allocation. The net ef-
fects of the buddy system are to pre-
vent fragmentation of the memory
pool and to contribute to rapidity of
allocation and deallocation.
Freed blocks are coalesced only when
necessary and only to the extent nec-
essary. This practice offers a timing
advantage over the older practice of
coalescing buffers as much as possi-
ble whenever a buffer is freed.
® The user is notified of writing data
past the end of a buffer when deallo-
cation of the buffer is requested. Dur-
ing development, such overwriting is
a frequent error that is sometimes
difficult to identify without the help
of this feature of DMMS.
®* The identity of the task that re-
quested a dynamic buffer is made
known. This information can be help-
ful in finding and correcting a soft-
ware component that causes memory
leak.
Information on the “high-water
usage” (maximum number used) of
buffers of each size is made available.
This information can be used in fine
tuning to reduce the size of the over-
all dynamic buffer pool.
This work was done by Ron Phillips of
Sverdrup Technology, Inc., for Marshall
Space Flight Center. For further informa-
tion, please contact Sverdrup Technologies,
Inc., 620 Discovery Drive, Huntsville, AL
35806, Telephone No. (256) 971-9425.
MFS-31287
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“ Materials

@ Antioxidant Fiber Finishes for Polyimide-Matrix Composites
These are reactive finishes that increase thermo-oxidative stability.
John H. Glenn Research Center, Cleveland, Ohio

Polyimide-matrix/carbon-fiber com-
posite materials with enhanced thermo-
oxidative stability can be made from car-
bon fibers that have been coated with
suitably formulated reactive finishing ma-
terials. These finishing materials were de-
veloped out of a need to increase thermo-

oxidative stability of composite materials
for high-temperature applications, and in
response to the observation that thermo-
oxidative degradation of polyimide-ma-
trix/carbon-fiber composites is domi-
nated by phenomena that occur at
matrix/fiber interfaces.

Carbon Fiber

Finished Carbon Fiber
e~ T

+Finish sl >Reactive
Heat > Groups

APPLICATION OF FINISH
Finished Carbon Fiber Matrix/Fiber Composite
[ e, (3 g ™
+ Matrix Resin ——y [%
Heat

FABRICATION OF COMPOSITE

Molecule of
Finishing Material

Chemical Bond

Chemical Bonds

A Reactive Finish is applied to a carbon fiber, with which it forms a chemical bond. During the sub-
sequent incorporation of the fiber into a composite material, the finish forms a chemical bond with

the matrix.

The figure schematically depicts the
coating of a carbon fiber with a reactive
finish and the subsequent incorporation
of the fiber into a polyimide-matrix/car-
bon-fiber composite. Reactive coupling
agents in the finishing material chemi-
cally bond to both the carbon fibers and
the polyimide resin. The fiber/finish and
finish/matrix chemical bonds increase
the durability of the composite material
by strongly resisting attack by oxygen,
moisture, and solvents. The chemical
bonds also increase interfacial strength
and resistance to fatigue.

The finishing material includes a resin
carrier compatible with the matrix resin.
By selection of different carrier resins, it
should be possible to formulate other re-
active finishes and tailor interfacial prop-
erties, not only for polyimides, but also for
a variety of other matrix materials, includ-
ing epoxies, bismaleimides, phenolics,
vinyl esters, and polyesters.

This work was done by James K. Sutter of
Glenn Research Center and Ronald E.
Allred and Larry A. Harrah of Adherent
Technologies, Inc. For further information,
access the Technical Support Package (TSP)
free on-line at www.nasatech.com under the
Materials category.

Inquiries concerning rights for the commer-
cial use of this invention should be addressed
to NASA Glenn Research Center, Commercial
Technology Office, Atin: Steve Fedor, Mail
Stop 4-8, 21000 Brookpark Road, Cleve-
land, Ohio 44135. Refer to LEW-16729.

¥ Enhanced Shield Against Meteoroids and Orbital Debris

This shield significantly decreases the likelihood of loss of a crew and/or spacecraft.
Lyndon B. Johnson Space Center, Houston, Texas

NASA scientists, who are very con-
cerned with the increasing hazard of
impacts of orbital debris impact on
spacecraft, have designed the “stuffed
Whipple” shield — a lightweight, rela-
tively inexpensive alternative to simple
aluminum meteoroid/orbital-debris
(M/OD) shield. The stuffed Whipple
shield features an easily adaptable de-
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sign that increases protection against
hypervelocity impacts (HVIs), without
significantly affecting previously for-
mulated designs of spacecraft. The
stuffed Whipple shield is critical to the
continued human exploration of
space, especially to the Space Station,
inasmuch as the Station will be operat-
ing in low orbit around the Earth and

www.nasatech.com

will need shielding against HVIs in
order to survive intact and for an ap-
preciable amount of time and continue
to safely support human habitation.
Scientists project that the number of
HVIs from detritus of artificial objects
will increase from 2 to 5 percent per
year — an increase that could produce
devastating results.

NASA Tech Briefs, July 2000



The design of the stuffed Whipple
shield greatly reduces the risk of loss of
a spacecraft crew and/or damage to the
spacecraft. It also increases crew effi-
ciency, in that by providing more effi-
cient shielding, it reduces the fre-
quency of both extravehicular and
intravehicular activities EVAs and IVAs

to effect repairs of HVI penetrations of

the outer skin of the spacecraft. It is
particularly amenable to introduction
in the final or nearly-completed phase
of the spacecraft-design effort. The
stuffed Whipple shield can be retrofit-
ted to any extant military or commer-
cial spacecraft.

Many previously designed space vehi-
cles are equipped with all-aluminum
shields, of a form of Whipple shield, for
protection against HVIs. All-aluminum
shields offer an improvement over
shields of the earliest designs; however,
all-aluminum shields were designed for
a situation in which an HVI, while al-
ways a possibility, seemed a remote like-
lihood. Indeed, even the earlier Space
Station designs were completed before
emergence of the awareness of the arti-
ficial-debris environment and of the
consequent need for greater protec-
tion, and at greater cost savings.

As the orbital-debris environment af-
fects more commercial satellites, there
will be a need to add lightweight anti-
HVI shielding for protection. By virtue
of its incorporation of lightweight ma-
terials and its easily adaptable design,
the stuffed Whipple shield can be used
on Space Station pressurized modules
and on any spacecraft that typically
carries a simple aluminum M/OD
shield.

Better yet, the reduction in launch
weight afforded by replacing the all-alu-
minum shield with the stuffed Whipple
shield results in an estimated reduction
of $345 M in the cost of launch. It is not
surprising, therefore, that increased
safety and decreased cost equally drive
the stuffed-Whipple-shield design for
the Space Station.

A stuffed Whipple shield includes
front and back sheets and contains
lightweight materials (the “stuffing”).
The stuffing materials are selected and
placed so as to break up large imping-
ing particles, stop small impinging par-
ticles, and decelerate debris clouds be-
fore they can reach the back sheet. (In
the case of the habitable Space Station
modules, the back sheets are the pres-
sure shells of the modules.)

A stuffed Whipple shield also offers a
secondary support structure, which re-
duces system costs. This secondary
structure is a mesh/Nextel (or equiva-
lent ceramic)/Kevlar (or equivalent

NASA Tech Briefs, July 2000

aromatic polyamide) blanket that can
be supported in a number of ways. For
example, it can be held by brackets,
frames, or other supports that are mod-
ified versions of supports used in the
current Space Station design to attach
multilayer thermal insulation blankets.
Another method of support involves
mounting the blanket on a rigid
graphite/epoxy or aromatic-polya-
mide/epoxy panel; the panel is then at-
tached to the previously installed
bumper-support structure, where its
rigidity can potentially be offset by re-
ductions in the blanket (i.e., the aro-
matic polyamide portion).

Take Control. ..
New 331 Temperature Controllers

ake Shore introduces the
jel 331 Temper:
Controllers, Lake Shore's
generation of mid-
temperature control
instruments

Intelligently designed
well-integrated for high
performance and e
use, the Model 331
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applications

The Model 331 Temperature

This work was done by Jeanne L. Crews
and Eric L. Christiansen of Johnson Space
Center and Joel E. Williamsen, Jennifer H.
Robinson, and Angela M. Nolen of Mar-
shall Space Flight Center. For further infor-
mation, access the Technical Support Pack-
age (TSP) free on-line at www.nasatech.
com under the Materials category.

This invention has been patented by
NASA (U.S. Patent No. 5,610,363). In-
quiries concerning nonexclusive or exclusive
license for its commercial development
should be addressed to the Patent Counsel,

Johnson Space Center, (281) 483-0837.

Refer to MSC-22584.

* Two control loops

* Supports diodes, Cernox™, Rox™, Thermox™,
Carbon-Glass™, germanium, platinum,
rhodium-iron, and thermocouple sensors

l * Two sensor inputs

* Large vacuum fluorescent display

| * One-touch access to commonly used functions
; * Model 330 emulation mode
|

* Current reversal

* Autotuning

* Alarms

For More Information Circle No. 421

» |[EEE-488 and RS-232 interface

[ akeShore

N
ot



N High-Performance Zn Anodes for Ag/Zn and Ni/Zn Cells

Cycle lives are increased and costs are reduced.

Lyndon B. Johnson Space Center, Houston, Texas

Improved zinc anodes for silver/zinc
and nickel/zinc rechargeable electro-
chemical cells have been invented. This
invention will increase the usefulness
and decrease cycle-life costs of Ag/Zn
and Ni/Zn cells in NASA Space-Station-
support applications, for which batteries
with high energy densities and long
cycle lives are needed; examples of these
applications include extravehicular mo-
bility unit (EMU) batteries, the EMU
portable life-support subsystem (PLSS)
backpack batteries, and batteries in
portable tools and equipment for ex-
travehicular activities (EVAs). Inasmuch
as many of these portable tools and
other items of equipment are modified
versions of commercial items (portable
tools, lights, cameras, recorders, cam-
corders, radios, communications equip-
ment, cellular telephones, and medical
equipment), this invention might also
prove beneficial in numerous commer-
cial applications. Similarly, it could offer
benefits in military applications, other
government applications, and other ap-
plications that involve batteries.
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A High-Performance Zinc Anode includes a porous nickel plaque that maintains its size and shape.
The active anode material (zinc) is loaded into the pores.

Two phenomena that limit the cycle
lives of Ag/Zn and Ni/Zn secondary
cells were unaddressed prior to this in-
vention. These phenomena are (1) grad-
ual changes in the shapes of zinc elec-

trodes and (2) the deposition of zinc as

dendrites during recharge.

® Regarding the shape changes: During
charge/discharge cycling, the anodes
become denser and lose active surface
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area. These changes cause progressive
losses of capacity and thus of cycle life.

® Regarding the dendrites: These are
sharp, needlelike crystals, which can
penetrate cell separators and thereby
cause internal short circuits.

Either phenomenon can lead to an un-
comfortable, even a hazardous situation
during a space flight. The invention main-
tains the integrity of a nickel anode, help-
ing to prevent both of these phenomena.
In so doing, it increases cycle life and
thereby reduces the cost per cycle.

A typical conventional commercial zinc
electrode contains a conductive grid
made of perforated or expanded metal
(typically copper) sheet. The invention in-
volves a different approach: a zinc elec-
trode according to the invention can be
manufactured in a manner similar to that
of making cadmium electrodes for aero-
space cells. A porous sintered nickel pow-
der matrix (plaque) is loaded with zinc by
immersing the sinter in a zinc nitrate so-
lution and electrochemically reducing the
zinc. When the resulting anode is assem-
bled into a battery, the form of the anode
(see figure) is maintained by the nickel
matrix. Even though nickel can give rise
to excessive gassing by electrocatalyzing
the decomposition of water, the use of
nickel nevertheless confers an advantage
by reducing the incidence of dendritic
shorting and thereby extending cycle life.

Calculations have shown that the en-
ergy density of a cell is not impaired by
substituting the zinc-loaded nickel-plaque
anode for a conventional copper-grid-sup-
ported anode. Calculations have also
shown that the plaque, when loaded with
the same weight of zinc that would be in-
cluded in a conventional anode, accom-
modates the increased volume of zinc
oxide that is generated during discharge.

It has been suggested in some quarters
that high-performance zinc anodes might
be improved through use of a copper
plaques of the proper porosity. However,
there is no substantive evidence that this
option would yield a greatly enhanced
cycle life or address the shape-change and
dendrite issues. Therefore, despite lower
porosity (85 percent) of the nickel plaque
relative to the 90-percent porosity of cop-
per plaque, nickel plaque was chosen over
copper plaque.

This work was done by John E. Casey of
Lockheed Engineering & Sciences Co. for
Johnson Space Center. For further informa-
tion, access the Technical Support Package
(TSP) free omline at www.nasatech.com
under the Materials category.

This invention has been patented by NASA
(U.S. Patent No. 5,780,186). Inquiries con-
cerning nomexclusive or exclusive license for its
commercial development should be addressed to
the Patent Counsel, Johnson Space Center,
(281) 483-0837. Refer to MSC-22540.
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@ Mechanics

& Tape-Spring Reinforcements for Inflatable Structural Tubes
Tape-springs and tubes help each other resist buckling.

NASA’s Jet Propulsion Laboratory, Pasadena, California

Lightweight, inflatable tubular structural components con-
taining tape-spring reinforcements are undergoing develop-
ment. The basic (without tape-spring reinforcement) tubular
components are made, variously, of aluminum laminates or
composite materials and are under consideration for use in
erecting structures in outer space. They could also be used to
erect structures for terrestrial applications in situations in
which a greater value is placed in light weight than on strength.

Two types of tape-spring reinforcements have been conceived
for this purpose: longitudinal and circumferential. Longitudinal
tape-spring reinforcements are made from strips of spring steel
or other high-modulus materials with curved cross sections, such
as the type of spring strips used commonly in compactly stow-
able carpenters’ measuring tapes. The reinforcements would ex-
ploit the well known nonlinear mechanical responses of such
tapes, namely: (1) high resistance to buckling while they are
straight, (2) the ease with which they can be rolled up once they
have been initially flattened, and (3) much stronger resistance
to bending or buckling toward the concave-side-out configura-
tion than toward the concave-side-in configuration.

Usually, a thin-wall tube buckles inward first. If one attaches
longitudinal curved-cross-section tape springs to the inside of
a thin-wall tube at several circumferential positions and orients
them with their concave sides facing toward the interior, then
the tape-springs help to restrain the tube against inward buck-
ling while the tube helps to restrain the tapes against outward
buckling. The net effect is a large increase in the load-bearing
capacity of the reinforced tube.

Because the stiffness of a tape-spring decreases as its length
increases, it has been proposed to add circumferential rein-
forcing tape-springs, or other forms of circumferential rein-
forcement, to long tubes for certain applications. Circumfer-
ential reinforcing tape-springs would be fabricated as straight,
thin, flat strips. They would be attached to the insides of the
tubes. The circumferential reinforcements would also serve as
hard attachment points for tubes subjected to lateral loading.

This work was done by Houfei Fang and Michael Lou of Caltech for
NASA'’s Jet Propulsion Laboratory. For further information, access
the Technical Support Package (TSP) free online at wurv.nasatech.com
under the Mechanics category.
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SMechanism for Planar
Manipulation With Simplified
Kinematics

Simple combinations of actuator motions
yield purely radial or purely tangential
end-effector motions.

Goddard Space Flight Center, Greenbelt, Maryland

The figure schematically illustrates three manipulator mech-
anisms for positioning an end effector (a robot hand or other
object) in a plane (which would ordinarily be horizontal). One
of these is a newer, improved mechanism that includes two
coaxial, base-mounted rotary actuators incorporated into a
linkage that is classified as “P4R” in the discipline of kinemat-
ics of mechanisms because it includes one prismatic (P) joint
and four revolute (R) joints. The improved mechanism com-
bines the advantages of coaxial base mounting (as opposed to
noncoaxial and/or nonbase mounting) of actuators, plus the
advantages of closed-loop (as opposed to open-loop) linkages
in such a way as to afford a simplification (in comparison with
other linkages) of inverse kinematics. Simplification of the
kinematics reduces the computational burden incurred in con-
trolling the manipulator.

In the general case of a two-degree-of-freedom manipula-
tor with two rotary actuators, the inverse kinematic problem

is to find the rotary-actuator angles needed to place the end

NASA Tech Briefs, July 2000



effector at a specified location, velocity,
and acceleration in the plane of mo-
tion. In the case of a typical older ma-
nipulator mechanism of this type, the
solution of the inverse kinematic prob-
lem involves much computation be-
cause what one seeks is the coordinated
positions, velocities, and accelerations
of the two manipulators, and these co-

ordinates are kinematically related to
each other and to the required motion
in a complex way.

In the improved mechanism, the task
of coordination is greatly simplified by
simplification of the inverse kinematics;
the motion of the end effector is easily re-
solved into a component that is radial and
a component that is tangential to a circle
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The Improved Mechanism affords a simplification of kinematics: Whereas the coordination of actuator
motions necessary to obtain specified end-effector motions in the older mechanisms is a complex task, it

is a relatively simple task in the improved mechanism.

www.LaserSensors.LMint.com

that runs through the end effector and is
concentric with the rotary actuators.

If rotary actuator 2 is held stationary,
while rotary actuator 1 is turned, then
link D slides radially in the prismatic joint,
causing the end effector to move radially.
If both rotary actuators are turned to-
gether, then there is no radial motion; in-
stead, the entire linkage simply rotates as

a rigid body about the actuator axis, so
that the end effector moves tangen-
tially. Thus, the task of coordination is
reduced to a simple decision to (a) ro-
tate actuator 1 only to obtain radial
motion, (b) rotate both actuators to-
gether to obtain tangential motion, or
(c) rotate the actuators differentially
according to a straightforward kine-
matic relationship to obtain a combi-
nation of radial and axial motion.

This work was done by Farhad Tah-
masebi of Goddard Space Flight Cen-
ter. For further information, access the
Technical Support Package (TSP) free on-
line at wuww.nasatech.com under the Me-
chanics category.

This invention is owned by NASA, and
a patent application has been filed. In-
quaries concerning nonexclusive or exclu-
sive license for its commercial development
should be addressed to the Patent Counsel,
Goddard Space Flight Center; (301) 286-
7351. Refer to GSC-13655.
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SImproved Cable-Drive

Pretensioner

Tension is adjusted easily by use of
a worm gear.

Lyndon B. Johnson Space Center, Houston, Texas

An improved mechanism has been devised to facilitate the
adjustment of tension in a cable in a cable-and-pulley drive.
Cable-and-pulley drives are being used increasingly in robots
and other high-performance, computer-controlled machines.
Typically, a cable is looped around various drive pulleys with its
ends anchored in proximity to each other on two coaxial cylin-
ders (see figure). During operation of the cable drive, the
cylinders are locked against rotation relative to each other to
maintain a preset tension. To adjust the tension, it is necessary
to unlock the cylinders and rotate them relative to each other.

In a typical older cable-tensioning mechanism, lock between
cylinders is maintained by setscrews. To adjust tension, it is nec-
essary to loosen the setscrews, turn the cylinders slightly to ob-
tain the desired tension, then tighten the setscrews. This pro-
cedure is tedious and labor-intensive; sometimes it requires as
many as three technicians working simultaneously with three
wrenches and a screwdriver. If one of the technicians slips, it is
necessary to repeat the procedure and, depending on the de-
sign of the particular cable drive, it could be necessary to dis-
mount and remount the cables.

The improved mechanism is both a locking and an adjust-
ment mechanism that can be adjusted easily by one technician.
In this mechanism, the cylinders are turned relative to each
other by use of a worm-gear drive. The outer cylinder houses
the worm, while the mating worm gear is attached to the inner
cylinder. A technician turns the worm by use of a hand tool.
There is no need to provide explicitly for locking against inad-
vertent or undesired relative rotation: the friction inherent in
the worm-gear drive prevents backdriving under cable tension.

This work was done by William Townsend of Barrett Technology,
Inc., for Johnson Space Center. For further information, access the
Technical Support Package (TSP) free on-line at www.nasatech.com
under the Mechanics category.

In accordance with Public Law 96-517, the contractor has elected to
retain title to this invention. Inquiries concerning rights for its com-
mercial use should be addressed to

Barrett Technology, Inc.

545 Concord Avenue

Cambridge, MA 02138

Refer to MSC-22405, volume and number of this NASA Tech
Briefs issue, and the page number.

Outer Cylinder

Worm Gear Housing

Anchored Ends of Cable on Outer Cylinder

Inner Cylinder

Socket for
Worm-Gear-Turning
Tool

Tension in the Cable Is Adjusted by turning one cylinder relative to the
other. In the improved mechanism, this is done by use of a worm-gear drive.
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& Path-Planning Program for a Redundant Robotic Manipulator
This program utilizes kinematic redundancy to find singularity-free, obstacle-avoiding paths.

Lyndon B. Johnson Space Center, Houston, Texas

The Space Station Robot Manipulator
System (SSRMS) Path Planning Pro-
gram is a computer program that, in
comparison with software developed
previously for the same purpose, sup-
ports operations of faster and more com-
plex robots. Two especially notable fea-
tures of the program are that (1) it
makes for ease of description of the
work space of a remote manipulator or

other robot and (2) it takes advantage of

redundant degrees of freedom of the
manipulator by finding manipulator-link
paths that avoid both mathematical sin-
gularities and physical obstacles. The
program can be applied not only to
space-station manipulators and other ro-

bots but also to manipulators and other
robots used in remediation of waste sites
and dismantling nuclear facilities. With
moderate modifications, the program
could even be used in reconfigurable
manufacturing operations.

In the original International Space
Station application, there is a need to
assure the safety of the crew and equip-
ment by calculating a safe path and an
optimal trajectory for the SSRMS,
which has seven degrees of freedom
(DOFs). In the absence of the present
or a similar program, determining a
safe path through a field of obstacles is
difficult because the end-effector tra-

jectory and the necessary manipulator-

joint-angle trajectories must be taken

into account manually; as a conse-
quence, the chosen path may not be
the optimal path. The SSRMS Path
Planning Program automates the path-
planning process. It searches for, and
finds, the optimal trajectory in a matter
of seconds.

The idea for the program came from
R. V. Mayorga, who proposed a path-
planning method for a manipulator that
is redundant in the sense that the num-
ber of its DOFs exceeds the number of
task elements. An analysis of the method
was performed for a 3-DOF manipulator
operating in a plane; then the analysis
was extended to a 7-DOF manipulator
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operating in three-dimensional space.
Finally, all the equations of the method
specific to the SSRMS were formulated,
together with some clever ways of incor-
porating them into a computer code.
The SSRMS Path Planning program,
written in ANSI-C, evolved from this
final analysis.

The SSRMS Path Planning Program
follows the artificial-potential-field ap-
proach to planning the path of the end
effector of the remote manipulator.
Real-time joint-angle trajectory planning
for enabling manipulator links to avoid
obstacles, involving the use of a null-

space vector, is implemented in this pro-
gram. All of the equations of kinematics
and inverse kinematics specific to the
SSRMS are also included.

In Mayorga’s method, the goal con-
figuration is represented by an attrac-
tive potential and obstacles by repulsive
potentials. The determination of the
manipulator joint-angle trajectory in-
volves the inversion of a potential-field
matrix, but this is subject to difficulties
when the manipulator approaches sin-
gular configurations. With respect to
singular configurations, the SSRMS
Path Planning Program incorporates
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two improvements: (1) the manipula-
tor trajectory is determined directly
from the gradient of the potential field,
so that there is no need to invert nearly
singular matrices; (2) a global perspec-
tive is added by providing for the pre-
determination of optimal (shortest-
path) goal trajectory for the
end-effector position. The attractive
potential is then based on an optimal
trajectory that guides the end effector
around obstacles in the shortest possi-
ble distance.

The program reads two input files.
The first file describes the work space;
the second file contains constants, inte-
gration parameters, the initial configu-
ration, and the goal configuration.
From these inputs, the program calcu-
lates a path through the work space,
going from the initial configuration to
the goal configuration along a path that
avoids obstacles for the end effector
and the manipulator links. By varying
the values of some or all of the con-
stants, one can change a path to incor-
porate a wider or narrower clearance of
obstacles, change the time to complete
the task, and/or otherwise alter the na-
ture of the task. The joint-angle trajec-
tories are computed by another pro-
gram, “PLUMECHECK,” on a Silicon
Graphics workstation. PLUMECHECK
can display animation of the manipula-
tor arm.

The SSRMS Path Planning Program is
an improvement over programs devel-
oped previously for the same purpose in
the following respects:
¢ Path planning has been automated.

The joint-angle trajectories for any

path can be found in seconds. There-

fore, many different scenarios can be
tried to find an optimal path.

¢ It is easy to describe the work space, in-
cluding obstacles, forbidden regions,
and other important features of the
work space.

® The redundancy of the SSRMS is not a
disadvantage for this program; on the
contrary, it is an advantage when there
is a need to find singularity-free paths
and avoid obstacles.

The SSRMS Path Planning Program
has much to recommend it. Its potential
field-based approach to avoidance of
collisions by kinematically redundant
manipulators has already been demon-
strated in research laboratories. This
program is being evaluated with respect
to commercial applicability.

This work was done by Glenn V. Webb of
Rockwell Space Operations for Johnson
Space Center.

MSC-22751
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@ Soaring to 100,000 ft on Stratospheric Mountain Waves

A proposed sailplane would make the most of these waves.

Dryden Flight Research Center, Edwards, California

A research project now underway ad-
dresses the concept of utilizing stratos-
pheric mountain waves to soar to high
altitudes in sailplanes. Stratospheric
mountain waves are mountain waves
that propagate strongly, and with conti-
nuity, into the middle and upper stratos-
phere, and are not extinguished,
trapped, or reflected at or near the
tropopause. The historical experience
of high-lying aircraft has been limited
to the lower region of their domain,
where large amplification leading to
large vertical speeds and instability is un-
common. Amplification with increasing
altitude, and the instability

this amplification, can lead to wave over-
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(32 km). The waves propagate into the
middle or upper stratosphere when the
outer region of the polar vortex lies
above a strong tropospheric wind band,
above mountainous terrain. In this situa-
tion, there is no appreciable wind maxi-
mum at the tropopause, and little evi-
dence of a tropopause in the
temperature profile. Waves propagate
upward with increasing vertical wind
component. Stratospheric mountain
waves are most commonly found, in the
Northern Hemisphere, in the 60°-to-70°
latitude band. In the Southern Hemi-
sphere, they extend further toward the
equator, because of the larger extent of
the polar vortex in that hemisphere.
Stratospheric waves can also form (albeit
very rarely) at lower latitudes.

The present project is the first step to
build and demonstrate the utility of a
special-purpose piloted research sail-
plane that can climb in strong stratos-
pheric mountain waves to its lift-limited
ceiling. For a sailplane with state-of-the-
art structural and aerodynamic charac-
teristics, the lift-limited ceiling lies be-
tween 100,000 and 110,000 ft (30.5 and
33.5 km). Flights are to be made safely
and repeatedly, as justified by the need
for experimental data.

Work to gather additional data on the
strength, location, structure, and fre-
quency of occurrence of strong moun-
tain waves is now underway. The data are
expected to verify that the aerodynamic
performance of a sailplane will enable it
to climb to 100,000 ft (30.5 km) in the
waves. In addition, simulations are ex-
pected to determine what degree, if any,
of stability augmentation will be neces-
sary for the sailplane.

The meteorological part of the work
will consist of identification and search-
ing of historical sources of mountain-
wave data. In addition to searching such
pre-existing data, special dedicated bal-
loon ascents with Global Positioning Sys-
tem (GPS) sondes will be made to aug-
ment the data normally obtained from
sondes launched at regular intervals and
from other special balloons that are
used for research not related to stratos-
pheric mountain waves. The meteoro-
logical profile characteristics will be
summarized with respect to the charac-
teristics of waves identified in the bal-
loon data. Numerical modeling of
mountain waves will be done for se-
lected cases found in the data acquired
from the sondes during the dedicated
balloon ascents and from other sources.

The work will include an aerody-
namic-performance part based on a
standard “drag build up” method. This
part of the work will involve the use of
pre-existing basic data sources and of in-

NASA Tech Briefs, July 2000

__ Can't find the exact product you need?

Don't get handcuffed by big reputations...

3

— Donllikebeing locked into one source?
- Feel ‘ llto-dnga graphical language
5 3 R . e

consider The High-Performance Alternalive

Data Acqguisition

~7.- W
Support tammwﬁmnwmmmum

United o . ’
s 10 Des Mume.Wah\uwn.MAonn
/\z[/b'ﬂl'ﬂl!/ﬂ J .517’ 924-1155, (800) 829-4632; Fax: (617) 924-1441;

IIHIAS Web site: hitp://www.ueidag.com, E-mail: info@ueidag.com

© 2000 United Blectronic industras, o AN product nimes ksted their

For More Information Circle No. 441

NOW IT'S EASY NASA TECH BRIEFS @GUIDE
ENGINE! —- [—
eNGINEERING
TOOLS WITH i ——
eGUIDE — i
NASA Tech Briefs’ NEW online [ep—
quide to suppliers, products, and e FIARD or EDIT
services for design engineers. .
« Search by keyword or = 2 g

within 25+ product - e

categories Matnldeidts -
« Link directly to company o S

web sites :_-—-—-—-
+ Locate B2B suppliers and Sadidbouin

sites offering e-commerce o e [
Plus: Add your company’s
information to the eGuide.*
Go to:

www.nasatech.com/eguidé

All searches are free of charge.

*For companies not currently advertising in NASA Tech Briefs products, there is a small fee
to add a listing. See web site for details, or contact Luke Schnirring, luke@abptuf.org.




Marketplace

NEW!

BOXLIGHT
XD-9 M
ULTRA
COMPACT

At 4.8 lbs. and 1000 ANSI lumens, the
XD9m projector can dazzle audiences

cremental variations on pre-existing
high-performance sailplanes for which
accurate performance measurements
have been made.

The simulation part of the work will
include assessment of the flying quali-
ties of the sailplane. With the Dryden
simulation, actual or numerical models
of the wave structure can be included.
The direct effect of the wave structure
on sailplane control can be shown. The

overturning events will not be as realis-
tically modeled. Variations of parame-
ters will be made to determine the most
attractive combination of aerodynamic
stability and augmentation.

This work is being done by Edward
H. Teets, Jr., of Dryden Flight Research
Center and by Einar Enevoldson of Norjen,
Inc., under a Flight Test Technique grant
and a Dryden Discretionary Fund grant.
DRC-00-08

in any environment. All BOXLIGHT
projectors have a 30-day money-back
guarantee, two-year parts and labor
warranty, and free lifetime 24-hour tech-
nical support. BOXLIGHT offers a full
line of projectors and accessories. Learn
more about BOXLIGHT's commitment
to presentation excellence by visiting
www.boxlight.com/manufacturing or by
calling 1-800-863-6315.

BBOXLIGHT.
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effect of turbulence generated in wave

@®Designing Purging Flows of Clean,
Dry Gases

Flow parameters can be chosen to reduce contamination to
specified low levels.

Goddard Space Flight Center, Greenbelt, Maryland

A method of designing
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In the simplest case,
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the purging flow of A Tank Purged With Nitrogen through a single inlet and a single
outlet was used in experiments to obtain parameters for purge-

clean, dry §48 15 reqmred flow design equations.

to limit the entrance of

external contaminants into the purged  the volume through the purge vent. This
volume through a single purge vent characteristic time can be determined
(see figure). External contaminants in-  experimentally. The purge-gas pressure
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clude gases (e.g., water vapor) and par-
ticles (e.g., microbes and dust). Also,
typically, the purging flow is required
to limit the concentration of contami-
nants generated internally by out-
gassing and to sweep out these contam-
inants. The present design method,
based on equations developed in a the-
oretical and experimental study of
bulk and diffusional flow, enables one
to select the pressure, flow speed, and
volumetric flow rate of the purge gas to
satisfy these requirements.

The purging volumetric flow rate
needed to limit potentially contaminat-
ing external air to an acceptably low par-
tial pressure is a function of its partial
pressure, of the ambient pressure, and of
the characteristic time for entry of air or
of the contaminant(s) of interest into

www.nasatech.com

needed to maintain the required volu-
metric flow through the purge vent can
be calculated as a function of the ambi-
ent temperature and pressure and the
crosssectional area of the purge vent
The speed of flow through the vent is, of
course, directly related to the volumetric
flow rate and the cross-sectional area of
the vent. The size of the largest airborne
particle that can be prevented from en-
tering against the purging flow can be
calculated as a function of the flow speed
and of the viscosity and mass density of
the vented gas.

This work was done by John J. Scialdone
of Goddard Space Flight Center. For fur-
ther information, access the Technical Sup-
port Package (TSP) free online at
www.nasatech.com under the Physical Sci-
ences category. GSC-14241
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‘ Update on a Pro ive-
Failure-Analysis Software
System

A report presents additional informa-
tion on the GENOA-PFA computer pro-
gram, which was described in “Software
for Simulating Progressive Fracture in
Braided PMCs” (LEW-16845), NASA
Tech Briefs, Vol. 24, No. 3 (March 2000),
page 52. On the basis of material-prop-
erty data, finite-element mathematical
models, and service conditions,
GENOA-PFA simulates the initiation
and progression of damage ultimately
leading to global structural failures in
composite-material structures. The
composite materials include complex
architectures in which fibers are placed
in two- or three-dimensional weaves or
braids. Whereas the cited prior article
characterized GENOA-PFA as applica-
ble to only polymer-matrix composites,
the report characterizes it as applicable
to other composite structures also, in-
cluding ones that contain ceramic or
metal matrices.

This work was done by Pappu L. N.
Murthy and Christos C. Chamis of Glenn
Research Center, Frank Abdi of Alpha Star
Corp., and Levon Minnetyan of Clarkson
University. To obtain a copy of the report,
“GENOA a Progressive Failure Analysis Soft-
ware System,” access the Technical Support
Package (TSP) free on-line at www.nasatech.
com under the Matenials category.

Inquiries concerning rights for the commer-
cial use of this invention should be addressed
to NASA Glenn Research Center, Commercial
Technology Office, Attn: Steve Fedor, Mail
Stop 4-8, 21000 Brookpark Road, Cleve-
land, Ohio 44135. Refer to LEW-16858.

iz Simulations of Evolving
© Transitional Mixing Layers
A report describes direct numerical
simulations of single- and two-phase,
temporally developing transitional mix-
ing layers at Reynolds numbers (based
on the initial vorticity thickness and
mean velocity difference) from 200 to
600. As many as 300 x 332 x 180 grid
points were used to discretize the gas
phase. As many as 5.7 x 10° individual
evaporating droplets of various sizes,
present in liquid-to-gas mass ratios be-
tween 0 and 0.5, were tracked in a La-
grangian reference frame. The gas
phase was described by the Navier-Stokes
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equations for a compressible fluid, aug-
mented by species-transport equations
and by the energy equation.

This work was done by Josette Bellan and
Richard Miller of Caltech for NASA’s Jet
Propulsion Laboratory. 7o obtain a copy
of the report, “Evolution of Single-Phase and
Droplet Laden Transitional Mixing Layers,”
access the Technical Support Package (TSP)
free online at www.nasatech.com under the
Physical Sciences category.

NPO-20705

@ Simulations of a
Transitional Droplet-
Laden Mixing Layer

A report describes direct numerical
simulations of a droplet-laden mixing
layer (e.g., evaporating droplets of a hy-
drocarbon fuel in air) undergoing a
transition to mixing turbulence. The
governing equations are those of La-
grangian transport of discrete droplets
through a flowing gas, which is repre-
sented by Eulerian equations with
source terms for two-way couplings of
mass, momentum, and energy among
the liquid, vapor, and carrier-gas phases.
The equations are solved numerically,
using as many as 18 x 10° grid points to
discretize the Eulerian gas-phase equa-
tions and tracking as many as 5.7 x 10°
evaporating droplets of various initial
sizes in the Lagrangian reference frame.

This work was done by Josette Bellan and
Richard Miller of Caltech for NASA’s Jet
Propulsion Laboratory. To obtain a copy
of the report, “Direct numerical simulation
and subgrid analysis of a transitional droplet
laden mixing layer,” access the Technical
Support Package (TSP) free on-line at
www.nasatech.com under the Physical Sci-

ences calegory.
NPO-20709
Therm ic Instability

of In,Ga,_ As/GaAs
Quantum Dots
A report describes experiments that
generated evidence of thermodynamic
instability of nanometersize islands
(quantum dots) in In,Ga,_,As grown on
GaAs. In,Ga, ,As/GaAs specimens were
grown by metal-organic chemical vapor
deposition, using various partial pres-
sures of AsH,. Examination of specimens
by force microscopy, electron mi-
croscopy, and low-temperature photo-

www.nasatech.com

luminescence spectroscopy revealed dif-
ferences in island formation at different
partial pressures of AsHj, including dif-
ferences in (1) surface coverages of is-
lands, (2) ratios between numbers of co-
herent and incoherent islands, (3) sizes
and shapes of islands after annealing,
and (4) thicknesses for the onset of the
Stranski-Krastanow (S-K) transformation
(in which quantum dots form sponta-
neously in a second semiconductor de-
posited on a lattice-mismatched first
semiconductor once the second semi-
conductor reaches a critical thickness,
which is typically a few molecular layers).

This work was done by Rosa Leon of Cal-
tech for NASA’s Jet Propulsion Labora-
tory. To obtain a copy of the report, “Island
Shape Instabilities and Surfactant-Like Ef-
Jects in the Growth of InGaAs/GaAs Quan-
tum Dots,” access the Technical Support
Package (TSP) free on-line at wurw.nasatech.
com under the Physical Sciences category.
NPO-20696
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—————— CDMA Software

: = for Wireless

CDMA Reference Blockset 1.0
from The MathWorks, Natick, MA,
mamnmiipoemiameme |18 @ collection of Simulink® blocks

¥

for creating and simulating the
CDMA IS-95A standard for wireless
communications. It enables users

to construct an entire, end-to-end

(transmitter to receiver) reference model of a wireless system. The soft-
ware includes full C source code, providing an open and upwardly com-
patible foundation for migration of IS95A designs into CDMA 2000 1x
and other third-generation CDMA applications. Building blocks are
included for the design of base stations, handsets, and components.
Other features include drag-and-drop editing, intuitive model naviga-
tion, modeHibrary support, and lockable libraries. Circle No. 710

Electrical-Controls Design
VIA Development Corp., Marion,

IN, has released Version 6.0 of its
VIA Electrical Controls Design
Software (VIA ECDS). This
AutoCAD®based application suite is

designed to link schematics, panel
drawings, bill of materials, and data-
base management. Enhancements T
include the Locator, which allows users to search multiple drawings for

any specific attribute value, and a Setup Wizard to facilitate project con-
figurations. VIA Module Builder enables users to create new I/O mod-
ules or modify the appearance of existing modules. Circle No. 711

Thermal Modeling Plug-In

Network Analysis, Tempe, AZ, offers two products integrating its
SINDA/G thermal software with FEMAP, SDRC’s Windows-based FE
modeler. SINDA/G for FEMAP is a plug-in module for FEMAP and
MSC/NASTRAN for Windows. It consists of
a SINDA/G thermalsolver module com-

bined with integration software to transfer
FE models to finite difference models
solved with SINDA/G. SINDA/ATM
(Advanced Thermal Modeler) is a bundled
thermal-analysis solution consisting of
SDRC’s FEMAP Professional and NAI’s
SINDA/G thermal analyzer. A menu-driven
interface allows engineers to create, solve, and visualize complex ther-
mal simulations with forced and natural convection and radiation.
Circle No. 712

Data Acquisition Link

DoctorDAQ"™ from United Electronic Industries, Watertown, MA, pro-
vides a link between the company’s PCl-based data acquisition cards and
the Microsoft Excel® spreadsheet program. This utility, available in a one-
channel analog-input Lite version, imports individual samples or large
waveforms directly into an Excel work-
sheet. The add-on also can use worksheet
data as a source for output functions.
Features include a continuous mode that
obtains and displays the next set of data-
points from the analog-input buffer; it does
this continuously until the user stops the
process manually. Circle No. 713
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Stereoscopic Visualization
StereoGraphics Corp., San Rafael,
CA, offers the Monitor ZScreen® 2000
and Monitor ZScreen® 2000i. These
stereoscopic visualization systems are
designed for professionals who work with
complex 3D images in GIS/mapping,
molecular modeling, medical imaging,

p and computational chemistry. Each sys-

tem consists of a stereoscopic viewing

panel, which mounts over the monitor screen, and passive, polarized
eyewear. Monitor ZScreens shutter images at the screen level, enabling
users to view complex images stereoscopically on a workstation. These
products are well suited for dual-monitor displays where synchroniz-
ing the vertical refresh rates of both monitors may not be possible.
Circle No. 721

Servomotors and Gears

PSA rotary actuators from EXLAR Corp., Chanhassen, MN, com-
bine a brushless servomotor with planetary gears to provide a fully
integrated servo-gear motor. The sun gear is an integral part of the
motor rotor, eliminating all couplings. PSA rotary actuators are avail-
able in frame sizes of 60, 90, and 115 mm. They provide continuous
torque ratings from 15 to 750 Ibf-in with single reduction ratios of 3:1,
5:1, and 10:1. Base motor speeds of 2400, 3000, and 5000 rpm offer a
wide range of application solutions. Circle No. 722

DC Power Supplies

The PAC/PAC-R series of regulated CV/CC power supplies from
Dayis Instruments, Baltimore, MD, is designed to provide a compact
power-supply package. Twelve types are available for power require-
ments ranging from 0 to 20-60 volts and 0 to 1-3 Amps. Features
include remote-control terminals, low ripple and noise characteristics,
simultaneous display, floating output and remotesensing terminals,
and series/parallel operation. Circle No. 724

Image-Storage System

Olympus America, Industrial Products
Group, Melville, NY, has introduced the DC-
10 QwikStore™ portable image-storage sys-
tem, which attaches to rigid or flexible
borescopes. It allows inspectors to view,
freeze, store, export, and e-mail images.
Operators view images on an integrated
screen designed with a sun visor to eliminate
glare. The system includes a FlashPath card
and adapter that enable users to transfer
images from the system to a laptop for e-mail.
Applications include in situ inspections of turbine blades, compres-
sors, hydraulic cylinders, critical welds, and other areas. Circle No. 725

Digital Projector

Boxlight, Poulsbo, WA, offers the XD-9m digital projector that
weighs 4.8 pounds and beams 1000 ANSI lumens. The laptop-sized unit
features Digital Light Processing technology and true 1024 x 768 XGA
resolution. Other features include electronics that identify a comput-
er’s video signal and set up the picture automatically; and an on-board
DVI connector for digital/analog connectivity. Also included are digi-
tal keystone correction, manual zoom/focus, and a remote control.
Circle No. 720
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New

LITERATURE........

Pneumatic and Fluid Control Valves
The Specialty Mfg. Co., St. Paul, MN, has released
a 24-page, full-line catalog of pneumatic and fluid con-
trol valves. It provides detailed specifications and
ordering information on miniature two-, three-, and
four-way valves; needle valves/pinch valves; shuttle
valves/check valves; pressure regulators; controllers;
and fittings. Products are offered in 10/32" and 1/8" NPT,

female, male, and barb end connections. Circle No. 700

Switches and Controls

A brochure from American Solenoid, Somerset,
NJ, outlines the Kraus & Naimer line of electrical
controls. Rotary cam switches are available with dif-
ferent contact designs, materials, and terminals.
Applications include process control, instrumenta-
tion, and motor control. Other products include
pushbuttons, relays, contractors, motor starters,
and optional extras. Circle No. 701

RFl Products

VXI Associates, Boonton, NJ, offers a brochure
describing its services and solutions for
Receiver/Fixture Interface (RFI) requirements. RFI
is an open-system architecture offering fixture
upward transportability and low-cost kit wiring sup-
port. Through standard RFI Fixture Eurocard pack-
aging and protoboard design, the company provides common buffer-
ing, switching, and termination circuit-board types that can be applied
directly through standard fixture power and control line hook-ups.
Products include the Model 180 RFI System Series, designed for a
broad range of commercial/aerospace requirements. Circle No. 702

Encoders and Sensors

The 2000 product catalog from Piher Inter-
national Corp., Libertyville, IL, offers a full line of
carbon and cermet trimmer and control poten-
tiometers, incremental encoders, position sensors,
and printed resistors. The 92-page catalog
includes product specifications, dimensions,
schematic drawings, and a worldwide distributor
network. Circle No. 703

Digital Pressure Test Gages
DCT Instruments/Sensotec, Columbus, OH,
offers a brochure featuring specifications and order-
ing information on the Model AK (0.05% FS accu-
racy) and the J Series (0.2% FS accuracy) gages.
These stainless-steel digital pressure test gages use
sensor technology designed for overpressure toler-
ance. The | Series and the Model AK are offered
with gage, absolute, vacuum, or compound pressure reference, in

ranges from .5 to 60,000 psi. Circle No. 704

Industrial Computers

Siliconrax, Sunnyvale, CA, offers an 80-page
catalog describing its line of industrial computer
systems and accessories. In addition to complete
systems, products include single-board computers,
passive backplanes, rack-mount enclosures, NEMA
4/12 workstations, tower enclosures, rack-mount
monitors, rack cabinets, keyboard enclosures, and
UPS and power supplies. Circle No. 705
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This Month in

The web publication for NASA Tech Briefs readers

mASA Tech Briefs’ all-digital publication, Rapid Product Development Online (www.rapidproducts.net), helps engineers develop
W better products faster by providing immediate 24-hour access to the latest information on CAD, FEA, modeling, mold-making,

reverse engineering, and rapid prototyping tools and techniques. This month’s RPD Online includes:

New CAD Process Reduces
Mold-Design Time to 10 Minutes

Freudenberg-NOK, a provider of sealing packages for both automotive and non-

automotive applications, adopted a new design process with Uni-

graphics that essentially parameterized an entire mold and
reduced design time from 30 to 60 hours to 10 minutes.
The new technology from Unigraphics Solutions

has made it possible to reduce prototype delivery
time from four to eight weeks to 10 working days.
In essence, a solid model of the product
is used to update a solid model of a
generic mold, automating the most time-
consuming part of the product develop-
ment process. The toolpath information,
associated to the generic mold, is automat-

Internet-Enabled Rapid
Prototyping

Rapid prototyping has drawn life from
the Internet through rapid information
and data exchange. Now that the “dot
coms” have entered the rapid prototyping
marketplace, what will the future hold?

As this month’s guest columnist, Todd
Grimm — director of marketing for Ac-
celerated Technologies, Inc., a rapid pro-
totyping service bureau — discusses possi-
ble answers to this question. “Only one
fact is known,” says Grimm. “If these In-
ternet solutions don’t make it easier,
faster, better, and cheaper for both sides

ically updated and ready for CNC machining.
www.rapidproducts.net/JULY00/mold. html

of the supply chain, they will fail.”
www.rapidproducts.net/[ULYOO/tgrimm. himl

3D CAD Helps Integrate Components
in New Laptop Design

While integrating components in a laptop is always difficult, the Apple
Computer Corporation’s iBook presented an exceptional challenge
because its curved shell both reduced the
available space and increased the com-
plexity of interference calculations.

The iBook integration team over-
came this challenge by switching from
the 2D drawing software usually used
for this task to a new Macintosh-based
3D CAD system from Diehl Graphsoft.
The CAD tool provided a quick and
easy way to evaluate how components fit
in various positions, to establish basic
design relationships, and to homogenize communications between elec-
trical and mechanical engineers and industrial designers.

www.rapidproducts.net/[ULY00/laptop. html

New Product Highlights

Ay

This month’s new
products include
VX Vision® Mold
Edition™ from Vari-
metrix Corp., Palm
Bay, FL. Mold Edi-
tion is a specially
configured version
of the company’s VX Vision CAD/CAM sys-
tem. It is optimized for the design and docu-
mentation of injection and blow molds for
plastic parts.

www.rapidproducts.net/JULY0O/ products. html

Be sure to visit www.rapidproducts.net for the latest
information on the rapid product development industry.

Sponsors:

Solid Edge is 4
N Unigraphics Solutions’ For advertising and sponsorship
V mid-range CAD Q information, contact
software package. e Joe Pramberger at
joe@abptuf.org; Tel: 212-490-3999.
SOLID EDGE PlanetCAD
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SIMULATING A

Off
d faster
ime—
efficiency and
e to market.

www.engineering-e.com/simcenter ENGINEER'NG
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The Power

Searching for powerful data

analysis and advanced graphics?

With IDL, the Interactive Data Language, you can build applications
that manipulate complex or large datasets from various sources to
detect and display patterns, trends, and anomalies. IDL also
handles unique data such as DICOM, DXF, HDF, and HDF-EQS. IDL
provides a rich set of analysis capabilities to help you explore your
data and visualize results using hardware accelerated OpenGL
graphics. IDL is the complete development environment for

building high quality cross-platform applications.

."u’.;ENVI., the Environment for Visualizing Images, provides
comprehensive functionality if you need a solution for remote
sensing. ENVI supports all types of satellite and aircraft sensors,
DEM’s, GIS layers, and real-time GPS inputs. ENVI may be the most
scientifically based spectral analysis tool available, but it also
provides vector editing and query capabilities. And since it's
“Powered by IDL", you can expand ENVI's features and create your

own routines

Download IDL and ENVI today

at www.researchsystems.com/trends

For More Information Circle No. 508

IDL

Research Systems offers off-
the-shelf software packages
built with IDL that deliver
analysis and results with
point-and-click ease.

IDL combines all of
the tools you need for
any type of project —
from “quick-look,”
interactive  analysis
and display to large-
scale commercial programming projects. This
easy-to-learn, cross-platform, application
development software is relied upon by
analysts and engineers around the globe.

ION brings the power of
IDL to the Internet, allowing
you to collaborate across

networks and the Web.

Delivers the power of IDL
data analysis and visualization
without programming.

ENVI, the Environment for

g Visualizing Images, is the
leader in remote sensing
data analysis.

1NV
I/ .‘P_‘\G\ Access, edit, organize and
7 —r visualize large multi-
A ’ dimensional data — with-

out programming.

e % The most powerful DEM

7R, ™ tool for analysis of terrain
1 E5T, and river networks.

RESEARCH

Software Vision

303.786.9900 info@researchsystems.com ' ') S\STEI\\S
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