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NOW THAT 10GB FITS
ON AN SMM TAPE, WHA'I'ARE
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You don’t need to waithoursto  yrye “Plug-And-Play” Compatibility With: Ourdata compression option allows
change tapes. o bicamo mmsss  reme Youtowriteupto 10 GB pertape atup
You don't need towait months for aphaMico  DEC Hs¢ wus 1060 MB per minute. Completely
other storage technologies to catch up. VL s it unattended.
One 8mm tape drive will already DECUnibus N Of course, the data compression
deliver more than they promise. S feature is switch-selectable, so you can
It’s the digital CY-8200, now with p, IBA j turn off data compression to read and
optional data compression. Andyou =~ @mdmoe. write standard 8mm tapes.
canget it exclusively from Contemporary Cybernetics Group. Plusit’s a simple upgrade for the best tape drive built:
With data compression, the CY-8200 can quadruple our CY-8200. Offering a complete range of standard
the amount of data you can load on an 8mm cassette that interfaces, a 2-line, 40-column
fits neatly in your shirt pocket. Meaning the already display option, and optional
tremendous savings in man hours, media costs, storage and security card encryption. And
shipping are multi- assuring you of full support and
plied by four. a 12-month warranty from the leader in advanced 8mm
Untilnow,the  helical scan technology.
best8mmdriveon The CY-8200 with data compression will remain the
themarketstored  best value in data storage for a long time to come. So
an impressive now you've got many good reasons for calling us today
2.5GBpertapeat at(804)873-0900 C O N T E M P O R ARY

speedsupto]l5SMB  andnogood reason CYBERNmCS
per minute. for waiting,
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YOU CAN DEVELOP ADA CODE WITHOUT ADAMAT.
OF COURSE, YOU CAN SKYDIVE WITHOUT THIS, TOO.

The fact is, when you write
Ada code without using AdaMAT™
you're really putting the quality of
your code at great risk. To be frank,
you're actually inviting poorly written,

unclear and inconsistent code that guarantees
errors during development.

AdaMAT is quite simply, the most
valuable and crucial software engineering tool
that is available today to Ada program devel-
opers. It is the only tool for the prevention of
errors during development. AdaMAT analyzes
Ada code and evaluates it using key quality

characteristics that are based on the most effec-

tive use of the language.

With the use of AdaMAT, potential
errors are detected prior to testing. It lets
programmers insure the quality of their code

earlier in development when errors
% are much less time-consuming

and costly to fix. So avoid the pitfalls.
Get your project in on time and right
on budget. Write clean, consistent, accurate, reliable
Ada code. And do it whether you're developing
in the Rational, VAX, SUN, or SCO/UNIX environ-
ments. Call us today at 1-800-522-7321 for com-
plete information. We'd jump at the chance to tell
you all about the immediate benefits you'll receive
using AdaMAT for your
Ada development.

Bl
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AdaMAT. The code word for quality Ada.

Dynamics Research Corporation, 60 Frontage Road, Andover, MA 01810
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This camera can be used for
high-resolution, low light
applications including x-ray
imaging and densitometry

Medical College of Georgia.)

KAF-4200 CCD
(2048 x 2048 pixels)

Also in Europe: Photometrics GmbH, Sollner Str. 61

D-8000 Munchen 71, Germany, Telefax: 0 89-79-97-15, Telephone: 0 89-79-95-80
ARGENTINA: Laser Optics SA, tel: 01-466-754 w FRANCE: Sofretec, tel: 1-34-23-30-00

ISRAEL: New Technology RK Ltd., tel: 03-324181 m JAPAN: Seki Technotron Corp., tel: 03-3820-1712
KOREA: Eusung International Corp., tel: 02-785-1368 s TAIWAN: Gorman Co., Ltd. tel: 023923170
SINGAPORE: Astro Scientific Centre, tel: 567-4163

(Image on right courtesy of the

80

Photometrics introduces the world’s first
2048 x 2048 pixel CCD camera with a
direct digital output and 12 bits per pixel
(4096 gray levels). This ultra-high resolution
camera interfaces directly to Macintosh I,
286/386 AT bus computers, or VME-based
systems.

This camera features:

B A scientific-grade CCD image sensor with
2048 x 2048 pixels [Eastman Kodak KAF-4200)

B Thermoelectrically cooled camera head
providing 12-bit dynamic range (4096 gray
levels per pixel)

B A direct digital interface, plug-in
programmable controller for Macintosh I,
286/386 AT bus, or VME computers

B Software for camera control, image
acquisition, and calibration

This new Photometrics camera is ideal for
use in film digitization, electron and optical
microscopy, medical diagnostic imaging
(with phosphor screens), photodigitization,
color separation, densitometry, and other
applications demanding high resolution and
high dynamic range.

Photometrics has a complete line of cooled
CCD cameras from 512 x 512 to 2048 x
2048 pixels with 12, 14, or 16 bits per pixel
For end-user and OEM applications
assistance, please call (602) 889-9933.

Photometrics

World Leader in High Performance CCD Imaging
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DPM The Component

DATEL's new DMS-30PC Series is a milestone in
Digital Panel Meter technology. The only fully
functional, factory calibrated, 3 1/2 digit, Hybrid
Voltmeter available anywhere. For extreme
accuracy, critical reliability, and ultra-low price
in a sub-miniature, modular package,

the DMS-30 is your only choice.

WORLD'S SMALLEST

« Low profile design

« Full size display 0.56"

e 0.94"h x 2.18"w x 0.57"d
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CHOICE OF COLORS
¢ Red
e Green ; '( i~
s Yellow BB ER™
e Amber (,=_:-vl,u ‘-;;-3_“\:‘; ‘\" l?
e Orange i (el =°
e Blue
LOW POWER DRAIN

o As low as 15mA/5VDC powered

ADVANCED TECHNOLOGY
e Laser trimmed
o Built on ceramic

e Hybrid design

RUGGED RELIABILITY
o 1 million hours MTBF
o Shock/vibration proof
e Dust/dirt proof

'. m‘g‘ﬂl No. 316

MODULAR DESIGN
« Fully encapsulated
« Simple plug-in design
« Integrated Filter/Bezel -

HIGHEST QUALITY
STOCK DELIVERY
e 0.05% accuracy

e One year warranty -
e Made in USA -

EVALUATION BOARD -f! |}

e 4-20mA current loop je
with gain/offset adjust e il

o Battery powered (9V, 12V)

e Max. 250VDC input

CHOICE OF INPUT RANGES
e +200mV/+2VDC/+20VDC

LOW PRICE
e As low as $29 ea. (qty. 100s)
e Quantity discounts

For details call or write DATEL, Inc.
11 Cabot Boulevard, Mansfield, MA 02048
Tel (508)339-3000, FAX (508)339-6356

Dim/AEIR

INNOVATION AND EXCELLENCE IN PRECISION DATA ACQUISITION

» aide At Al



Discover the one
guaranteed

Stars cool. Volcanos fizzle. Even suns burn out. =T

But the IBM RISC System/6000™ family of Price MFLOPS | SPECmarks™
POWERstations and POWERservers is no flash in POWERserver 550 $62,000| 252 722
'tl}e pan. In the year or so since we introduced it, T S $77.800 38 194
its only gotten hotter—offering performance rang-

ing from 9 to 25 MFLOPS and from 33 to 72 DECsystem™ 5500 $74,700 4 21.5

SPECmarks. All at prices that won’t even make you
break into a sweat. industry standards and programming languages,

but brings you additional enhancements like

An operating system that sizzles. The

RISC System/6000 family operates on AIX® IBM%
enhanced version of the UNIX® operating system.
AIX runs across the broadest range of platforms in

enriched file system capabilities, support for
advanced systems management and much more.
Best of all, AIX fans the flames of the RISC
System/6000 family’s POWER architecture, to

the industry, and not only supports all major give you even hotter performance.

MFLOPS are LINPACK double-precision where n=100. AIX XL FORTRAN Version 2.1 and AlX XL C Version 11 compilers were used for these tests. SPECmark is a geometric mean of
the ten SPECmark tests. All prices current at publication

IBM and AlX are registered trademarks and RISC System/6000 is a trademark of International Business Machines Corporation. UNIX is a registered trademark of UNIX Systems
Laboratories. SPARCserver is a trademark of Sun Microsystems, Inc. DECsystem is a trademark of Digital Equipment Corporation. SPECmark is a trademark of Standard Performance
Evaluation Corporation. HAGAR THE HORRIBLE Character(s) © 1991 King Features Syndicate, Inc. © 1991 IBM Corp



source of power
to stay hot. '

DID YouU BRING
THE MARSHMALLOWS?

An applications platform spreading like
wildlelre. The RISC System/6000 family already
runs over 3,000 diverse applications in mechanical
design, visualization, software engineering,
accounting, retail store management and on and
on. But we're still feeding the fire. More and

more applications are being written and ported

over to run on the family every day.

IBM support: an eternal flame. Theres never
been anything lukewarm about IBM’s commitment
to its customers, and there never will be. With the

RISC System/6000, you get the unparalleled world-
wide support of IBM: service when you need it,

Iﬁmrt}nalﬁowwerESefﬂaeT:A

24 hours a day, 365 days a year. An IBM customer
engineer can even come to your site and install your
machines, configure your network and integrate
all your systems, whether they’re made by IBM or
not. Its enough to make you feel warm all over.

To find out how you can harness the power of

the RISC System/6000
family, call your IBM
marketing representa-
tive or Business Partner
at: 1800 IBM-6676,
ext. 845. Sorry,
marshmallows
not included.

RISC
Svstem/

6000
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Photo courtesy Johnson Space Center

A new invention from the Johnson Space Center represents a
major advance in helmet-mounted display systems. See the
tech brief on page 34.
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Reports on page 74 describe
recent NASA work on shock
computation which could result in
more efficient aircraft designs,
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First developed
for space and
military
applications,
thin-film
electrolumines-
cent displays
have a bright
future in the
commercial
arena. See
Mission
Accomplished,
page 10.
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LabVIEW®
Where The Only Barrier Is Your Imagination.
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Convert
Computer
Graphics
to
Television

RGB/Videolink®

Model 1450AX
with Auto-sync

The first popularly priced full range
scan converter for video taping,
video projection and video teleconferencing

» Adjustment free auto-locking to
all workstations, PCs and Mac lis

* Horizontal scan range
21to 80 kHz

« Full broadcast quality encoder
and sync generator

* Flicker free output
» Genlock

« Linear keyer for overlaying live
video with computer graphics

+ Zoom EGA to fill video screen
« Full 24 bit color processing

« Wide range of outputs;
Composite (NTSC or PAL),
RGB, S-Video, Betacam/MIl

* Manufactured in the USA

Other models available

Al
4

SPECTRUM

2550 Ninth Street Berkeley, CA 94710
TEL: (415) 848-0180 FAX: (415) 848-0971
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ierate contours, surfaces, and cross-
tions from random X, Y, Z points.

\EW push-button “mouse-menus”
llow easy access to frequently used
patures.

Presentation graphics and analysis for scientific users.

Your technical data requires more muscle
and sophistication than basic business
graphics and plotting packages can
provide. It's simply a matter of using the
right tool for the job. In addition to
publication-quality graphics, you need
powerful analysis tools and capabilities
such as Graftool’s m Intelligent Data
Cursor™ to read out data points on curves
& surfaces ® Linear & non-linear curve-
fitting ® Unlimited zoom & rotation

® Multiple axes in linear, log, or proba-
bility scales ® Advanced data handling,
allowing over 268,000,000 data points

® Powerful scientific spreadsheet which
can directly read your Lotus or ASCII files

= (af)* cos(g)

Easily create complex curves &
surfaces with the graphical Formula-
Solver™

T ey T

ml!l’l‘l Hl"

A&L Aﬂ

Choose from 26 graph types for
business, technical, & scientific data.

Filter Response L T

Launch of the Space Shuttle Discovery

Automate customized graph creation
with pre-recorded macro & batch files.
Integrate 2-D and 3-D data on a single
graph to add meaning and impact.

® Unrestricted placement of graphs & text
® Direct compatibility with Microsoft Word
& WordPerfect.

With Graftool, all this power and
flexibility purr quietly under the hood, ‘
while pop-up menus and push-buttons -
bring an ease of use previously unheard
of in scientific software. Just “point &
process” with increased productivity and
greater understanding. L

GRAFTOOL — the right tool for your

technical solutions.
RAFTOO 412 S. Pacific Coast Highway, Second Floor
G p L $495. d Redondo Beach, CA 90277
® [nteractive demo available Call: 1(800) 729-4723,1 (213) 540-8818
® Academic discounts. FAX: 1(213) 540-3492
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ith the aid of NASA and the De-
W partment of Defense, a small
Oregon company has emerged as a
leader in the rapidly-expanding elec-
tronic display market, successfully chal-
lenging such giants as Sharp and
Matsushita.

Beaverton-based Planar Systems
Inc., a privately-owned firm with 150
employees, was founded in 1983 by
senior managers from Tektronix and
today is the world’s largest producer of
thin-film electroluminescent (EL) dis-
plays, one of three major flat-panel dis-
play technologies, along with liquid
crystal displays (LCDs) and plasma

NASA/Army support of electrolumi-
nescent flat-panel research for avi-
onicsand aerospace applications has
spurred the commercial development
of EL displays. Shown here is a 19-
inch EL monitor designed for the

office environment.
Photo courtesy Planar Systems

Through the technology transfer process, many of the systems, meth-

ods, and products pioneered by NASA are reapplied in the private sector,
obviating duplicate research and making a broad range of new products

and services available to the public.

display panels (PDPs). Offering the
advantages of compactness, light
weight, and low power consumption,
flat-panel displays are supplanting cath-
ode ray tubes (CRTs) in applications
ranging from computers and business
terminals to industrial control equipment
and medical monitors, and are likely to
find widespread use in future high-defi-
nition television (HDTV) systems.

EL, the newest flat-panel technol-
ogy, is solid-state and therefore inher-
ently rugged, making it particularly at-
tractive for military and space environ-
ments. Over the last decade, the US
Army and NASA have funded research
and development of EL displays for
application in flight simulators and air-
craft and spacecraft cockpits. “The gov-
ernment has played a pivotal role in
advancing (EL) technology,” said Chris-
topher King, Planar's executive vice
president, “and has been instrumental
in our company’s growth.”

Army/NASA support helped Planar
refine its production process to achieve
large-size, defect-free EL displays with
high resolution. The unique fabrication
process involves the vacuum deposi-

tion of a sandwich of thin films on a
glass substrate patterned with trans-
parent column electrodes. In a single
step, three layers are sequentially de-
posited — an insulating dialectric film,
a phosphor film, and another dialectric
film. Aluminum row electrodes are then
laid down perpendicular to the column
electrodes and the display is sealed to
protect it from the environment.

Acircuitboard, with control and drive
components mounted within the same
space as the viewing area on the glass
panel, is connected to the back of the
substrate using conductive silicone rub-
ber interconnect technology. When AC
voltage is applied between a column
and row electrode, the phosphor film
emits lightthat passes through the trans-
parentelectrode, through the glass face,
and onto the viewer. The light is emitted
uniformly atelectrodeintersections, cre-
ating precisely-defined pixels with high
contrast.

In 1984, Planar became the first US
manufacturer of EL displays by ship-
ping an 80 character by 25 line mono-
chrome product. This was followed a
year later by the world's first MS-DOS-



compatible 640 by 200 pixel EL moni-
tor. In 1988, the company introduced a
19-inch diagonal monochrome display
supporting 1024 columns by 864 rows
— “a major breakthrough in solid-state
flat-panel fabrication,” according to King.
And last year, Planar produced EL dis-
plays with lower power consumption
than backlit LCDs and screen bright-
ness comparable to CRTs.

To compete with LCDs and CRTs in
more than limited applications, how-
ever, EL displays must be offered in full
color. This requires the use and control
of phosphors in the three primary col-
ors: red, green, and blue. Under gov-
ernment contract, Planar has improved
the brightness of the red phosphor from
2 to 20 foot-Lamberts (fL) and intro-
duced sputtered green phosphor into
the color EL structure, doubling the lu-
minance of the green. The company is
incorporating these advancesintoaline
of multi-color displays targeted for in-
dustrial, medical, and military applica-
tions that do not require full color but still
want the extrainformation content avail-
able through multiple colors to highlight
data or warning messages. This spring,
Planar demonstrated a 9-inch diagonal
CGA-format display that produces red,

green, yellow, and black with CRT-like
brightness. The new display, complete
with CGA interface board, will be
sampled for prototype development in
1992.

Research is now focused on improv-
ing the brightness of the blue phosphor,
weakest of the three primary colors.
“The blue has been the biggest ob-
stacle to obtaining a full-color (EL) dis-
play,” said Thomas Kelley, leader of the
Display Applications Team atthe Army's

Photo courtesy Planar Systems

Planar recently demonstrated the first
commercial-quality multi-color EL dis-
play, the result of extensive research on
color phosphors

Technology and Devices Laboratory,
“but we've begun to make some real
progress in overcoming this problem. In
the last year alone, we've seen the
luminescence of the blue more than
double.”

Planar has produced a saturated
blue phosphor with 2.5 fL of brightness.
“Our goal for a quality full-color display
is 5 fL," stated King. The company is
continuing development of the blue
phosphor as part of DARPA’s High-
Definition Display program, which looks
to advance HDTV technology in the US.

Full color will “open up a world of new
uses,” for thin-film EL displays, said
Millard McDonnell, Planar’s chief oper-
ating officer, and accelerate EL's al-
ready impressive growth in the elec-
tronic display market. Sales of EL prod-
ucts surpassed $90 million in 1990, and
are expected toincrease, worldwide, by
50 percent annually over the next de-
cade. O

Formore information about the tech-
nologies described in this article, con-
tact:

Jeff Oromaner

Planar Systems Inc.

1400 NW Compton Drive

Beaverton, OR 97006

A Scan Converter that fits all computers CVS-980
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New Product Ideas are just  appropriate section in this at the end of the full-length article
a few of the many innovations  issue. If you are interested in or by writing the Technology
described in this issue of developing a product from Utilization Office of the sponsoring
NASA Tech Briefs and having  these or other NASA innova- NASA center (see page 14).
promising commercial applica-  tions, you can receive further ~ NASA's patent-licensing program
tions. Each is discussed further technical information by to encourage commercial develop-
on the referenced page in the requesting the TSP referenced ment is described on page 14.

Thermocouple-
Signal-Conditioning Circuit

A signal-conditioning electronic circuit
serves as an interface between a ther-
mocouple and a control circuit that was
designed for use with a resistance ther-
mal device. When the signal-conditioning
circuit is used, the bridge-completion net-
work is modified in such a way that the
bridge operates in a voltage mode.
(See page 20)

High-Temperature
Insulating Gap Filler

Anew inorganic, ceramic filler for gaps
between refractory ceramic tiles offers
high resistance to heat and erosion. The
ceramic filler could be used as a sealing
material in furnaces or as a heat shield for
sensitive components in automobiles, air-
craft, and home appliances.

(See page 52)

Lightweight Fibrous Ni Elec-
trodes for Ni/H, Batteries

A fibrous nickel plague electrode ma-
terial reduces the weight of nickel/ hydro-
gen batteries. The discharge voltage and
discharge time of this electrode are greater
than those of the equivalent standard
sintered-powder electrode.

(See page 56)

Dishwasher for
Earth or Outer Space

A dishwashing machine cleans eating
utensils in either Earth gravity or zero gravi-
ty of outer space. A rotating tub guides
used washwater to a drain, a self-cleaning
filter removes food particles from the
washwater without becoming clogged, and
a separator extracts air from the wash-
water so that both air and washwater can
be recycled.

(See page 78)

Imaging Microscope for
“Water-Window” X Rays

A proposed microscope would operate in
the “‘water-window'’ part of the x-ray spec-
trum, which lies at wavelengths greater
than the 23.3-A wavelength of the K absorp-
tion edge of oxygen but less than the 43.7-A
wavelength of the K absorption edge of car-
bon. The microscope would be well suited
for making high-resolution, high-contrast
images for microbiological research.
(See page 40)

Thermosyphon Suspension
for Growth of Crystals

A thermosyphon apparatus uses gen-
tle upward flow of a supersaturated solu-
tion to suspend a crystal growing from the
solution. Protein crystals are so fragile that
they are easily damaged by the high-shear
flows produced by pumps.

(See page 82)

CUSTOM ENCLOSURES

DESIGN AND FABRICATION
ASSEMBLED FROM STANDARD COMPONENTS

* Pre engineered construction system produces rigid frameworks K\
using aluminum extrusions and die cast corners.

g, 1o S oo

* Complex enclosure shapes are achieved with over 50 different
stock angled extrusions and matching castings.

* Square and radius profiles in two sizes.

* A wide selection of additional hardware.

* Stock components for in-house assembly.

* Pre-cut kit assemblies. ;—’:P—v_..,
* Complete design and fabrication. \ \ \

Consoles

Racks

Test Benches

Machine Guardin

Pre-cut Kit Assemblies
Electro-mechanical Enclosures

NO
WELDING

CRYSTAL MARK, INC.  MUERING
Custom Enclosure Division

613 Justin Avenue - Glendale, California 91201

TOLL FREE 1-800-788-7521 - 818-240-7520 - FAX 818-247-3574
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P““VE“ With every project, Grumman Data Systems advances the science
of large-scale systems integration. We’ve designed and installed
two supercomputer processing systems for
EBF NASA and engineered software to speed
@ machined parts acquisition by the Navy.

We're developing a mobile command center for the Marines. Providing an oceanographic predic-
tion system for the Navy. Integrating several Pentagon data systems into one system for the Air
Force. Implementing an MIS to increase productivity at seven Air Force maintenance depots.

And modernizing a computer-based information system for the Defense Logistics Agency. In

each case, we combine experience and innovation to produce
areliable, cost-effective system. Grumman Data Systems,
Bethpage, NY 11714. (516) 682-8500.

Circle Reader Action No. 363

GRUMMAN

Data Systems




mm T you're a regular reader of TECH BRIEFS, then you're already making use of
the technical information and

information relating to your specific needs. We encourage you to make use of
the information, access, and applications services offered by NASA's Technol-
ogy Utilization Network. )

How You Can Utilize NASA’s Industrial Applications Centers—A nationwide network offering a broad
range of technical services, including computerized access to over 100 million documents worldwide.

ou can contact NASA's network of Industrial Applications Centers (IACs) for assistance in solving a specific technical problem or meeting your
information needs. The “user friendly” IACs are staffed by technology transfer experts who provide computerized information retrieval from one of
the world's largest banks of technical data. Nearly 500 computerized data bases, ranging from NASA's own data base to Chemical Abstracts and INSPEC,
are accessible through the ten IACs located throughout the nation. The IACs also offer technical consultation services and/or linkage with other experts
inthe field. You can obtain more information about these services by calling or writing the nearest IAC. Userfees are charged for IAC information services.
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NERAC, Inc.
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Dr. Daniel U. Wilde, President
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(213) 743-6132

(800) 642-2872 (CA only)
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Science and Technology
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Dr. Stanley A. Morain, Director
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(504) 771-4950

(800) 225-0308 (toll-free US)

If you represent a public sector organization with a particular need, you can contact NASA's Application Team for technology matching and problem solving
assistance. Staffed by professional engineers from a variety of disciplines, the Application Team works with public sector organizations to identify and solve
critical problems with existing NASA technology. Technology Application Team, Research Triangle Institute, P.O. Box 12194, Research Triangle

Park, NC 27709; Dr. Doris Rouse, Director, (919) 541-6980

How You Can Access Technology Transfer Services At NASA Field Centers:
Technology Utilization Officers & Patent Counsels—Each NASA Field Center has a Technology Utiliza-
tion Officer (TUO) and a Patent Counsel to facilitate technology transfer between NASA and the private sector.

If you need further information about new technologies presented in NASA Tech Briefs, request the Technical Support Package (TSP). If a TSP is not
available, you can contact the Technology Utilization Officer at the NASA Field Center that sponsored the research. He can arrange for assistance in
applying the technology by putting you in touch with the people who developed it. If you want information about the patent status of a technology or are
interested in licensing a NASA invention, contact the Patent Counsel at the NASA Field Center that sponsored the research. Refer to the NASA

reference number at the end of the Tech Brief.

Ames Research Ctr. John C. Stennis Langley Research Ctr.
Technology Utilization Space Center Technology Utilization
Officer:-Geoffrey S. Lee Technology Utilization Officer: Joseph J. Mathis Jr.
Mail Code 223-3 Officer: Robert Deputy Head, TU Office
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Patent Counsel: Stennis Space Center, (804) 864-2484
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21000 Brookpark Road Center, FL 32899 Mail Code 204
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Jet Propulsion Lab.
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Technology Utilization
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Mail Stop 180-801
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(818) 354-4862
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Mail Code 180-801
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(205) 544-0021
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If You Have a Question. NASA Center For AeroSpace Infor-
mation can answer questions about NASA's Technology Utilization
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The Sony DIR-1000.
Up to 256 Mbps data rate.
100 GBytes of storage.

B i = & i;."i'b

Introducing a line of digital data recorders designed to make
large volumes of information easier to digest. The Sony DIR Series.

These high-speed, high-density recorders offer a range of
selectable data rates: The DIR-1000L works from 8 to 64 Mbps.
The DIR-1000M from 8 to 128 Mbps. And the DIR-1000, our fast-
est, from 8 to 256 Mbps.

But whatever data rate suits your needs, any DIR Series
recorder can store almost 100 GBytes of information on a stand-
ard cassette.

They also utilize the ANSI ID-1 rotary head recording format.

~
B

So they can offer time-based data expansion and contraction, and
even a bit error rate of 1x10*%, Plus, they’re compact and cassette-
based. Which means easier data handling and storage, and better
tape protection than open-reel machines.

Best of all, the DIR Series is designed and built by Sony, the
acknowledged leader in digital technology.

To learn more about how the Sony DIR Series makes high-
speed, high-density data recording a reality, call us at 1-800-328-

SONY, ext 970. After all, SONY

Sony Business and Professional Group, 3 Paragon Drive, Montvale, NJ 076451735
© 1991 Sony Corporation of America. Sony is a trademark of Sony.

we wrote the book on it.
BUSINESS AND PROFESSIONAL GROUP
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Electronic Gomponents and Circuits

Hardware, Techniques,
and Processes 20 Calculating Scattering 24 Micro Channel/Multibus-I
16 Stacked Gate-FET's for at Circular-Waveguide Interface Circuit
Analog Memory Elements Junctions :
20 Thermocouple-Signal- 22 Solar-Cell Cover Glass Would
Conditioning Circuit Reduce Reflectance Loss

Stacked-Gate FET’s for Analog Memory Elements

Features include nonvolatility and programmability via
the application of reading and writing voltages.

NASA'’s Jet Propulsion Laboratory, Pasadena, California

A three-terminal, double-stacked-gate
field-effect transistor (FET), has been de-
veloped as an analog memory element. It
is particularly suited for use as a synapse
with variable connection strength in an
electronic neural network. The new FET
provides a programmable, nonvolatile
resistive connection, somewhat in the
manner of the porous-gate FET described
in “Porous-Floating-Gate Field-Effect Tran-
sistor” (NPO-17532), NASA Tech Briefs,
Vol. 14, No. 7, page 18.

The double-stacked-gate FET re-
sembles the commercial erasable pro-
grammable read-only memory (EPROM)
device, except for the thickness of the
layers of silicon dioxide that electrically
isolate the gates (see Figure 1). It could be
either a p-channel or an n-channel device.

The amount of electrical charge on the
floating gate determines the conductance
between the source and the drain. The
outer gate serves as the control gate and is
used to remove the charge from the inner
(floating) gate. The number of electrons on
the floating gate can be increased by
avalanche injection of hot electrons from
the junction of the drain and the substrate.
This is accomplished by applying a nega-
tive potential with a magnitude of at least
10 V to the drain while the source, control
gate, and substrate are held at ground
potential. The injection current and the
total amount of charge transferred are
controlled via the amplitude and duration
of the pulse. The floating gate retains more
than 99 percent of the charge 11 months
after it has been injected.

The charge is removed from the floating
gate by Fowler-Nordheim quantum-mechan-
ical tunneling of electrons from the floating
gate to the control gate or to the substrate.
This is accomplished by applying ~50V to
the control gate while the drain, source,
and substrate are held at ground potential.

Figure 2 shows a double linear array of
analog memory elements of the new type.
One row contains p-channel transistors;
the other, n-channel transistors. The n-chan-
nel transistors can function as excitatory
resistive connections, with current flowing
into the common output terminal (the sum-

16

Thakoor and Alexander W. Moopenn of
Caltech for NASA’s Jet Propulsion Lab-
oratory. For further information, Circle 153
on the TSP Request Card.

Inquiries concerning rights for the com-
mercial use of this invention should be ad-
dressed to the Patent Counsel, NASA Resi-
dent Office-JPL [see page 14]. Refer to

ming point). The p-channel transistors can
act as inhibitory connections, with current
flowing away from the common output ter-
minal.

This work was done by Anilkumar P. NPO-17627
Floating Control
i Gate\ Gate

Si0p

Figure 1. The Three-Terminal, Double-Stacked-Gate, p-Channel FET is a modified version of
a commercial device of the same type. The thicknesses of the oxide layers have been changed
to suit operation as an erasable, programmable analog resistive memory element. An
n-channel version is also available.

T

Figure 2. A Double Linear Array of the modified three-terminal, double-stacked-gate FET’s
could serve as a building block of an electronic neural network. The terminals labeled G are
connected to the control gates. Those labeled | are connected to the power supply.
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PRINCIPLES OF QUALITY MEASUREMENT: AN INTRODUCTION.

INSTRUMENTS FOR THE MEASUREMENT EXPERT.

After years of “do it faster,” the new
message is “get it right.” The pursuit
of perfection starts with quality
measurements. And quality
measurements start with you.

At your level, “good enough”
is never good enough. Accuracy
better than 1% is part of the
plan. So is capturing events the
first time — with absolute
certainty — because you may not
get a second chance.

You can’t ask for performance
like that from the scopes you used
back in school.

85

You need measurements you
can believe, from instruments you can
trust. We see things
the same way. fin)

range, fine signal detail, long event
duration, tricky grounding, critical
triggering or hundreds of other
challenges, Nicolet is the
measurement expert’s choice.

Of course, we offer the best
specifications. But more than that, our
whole approach to
3 7 60 specifications matches
your own: conservative,
tight, dead accurate. That’s
why precision instrument technology
from Nicolet has helped thousands of
measurement experts “get it right” for
almost twenty years.

We're as dedicated to quality
measurement as you are.

_ Evaluate our digital

Whether you face ~_ Ry
wide dynamic b R

¢ oscilloscopes or multi-channel

eslt)

transient analyzers for your

critical measurements: call
1-800-356-8088 or circle the reader
service number right now.

Nicolet

INSTRUMENTS OF DISCOVERY

Nicolet Test Instruments
Madison, Wisconsin, USA 53711-4495
608/271-3333, FAX 608/273-5061
In Canada Call: 800-387-3385

Circle Reader Action No. 697
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A Gold Mine of Technology Awaits You

U.S. government research and development programs have
created a $65 billion technology storehouse that’s available to
you now for use in developing new products and processes.
Technology 2001 will show you how to tap into this amazing
resource to improve your productivity and competitiveness,
and will introduce you to America’s premier researchers and
technology transfer agents, including top experts from NASA,
the Environmental Protection Agency, the National Science
Foundation, the National Institute of Standards and Technol-
ogy, and the departments of Defense, Energy, and Health and
Human Services.

Technology 2001 will feature:

» Over 120 technical presentations spotlighting new ad-
vances with commercial promise in electronics, computer
hardware and software, materials, manufacturing technol-
ogy, and biotechnology;

» Special workshops on how to do business with govern-
ment agencies, covering such areas as patent licensing, co-
operative research and development agreements, and Small
Business Innovation Research;

» 50,000 square feet of exhibits by federal laboratories, their
prime contractors, and other high-tech firms and universities
with leading-edge inventions available for license or sale;

» The second annual Technology Transfer Awards Dinner,
offering a unique opportunity to network with government
leaders and industry executives in an elegant setting — the
grand ballroom of the San Jose Fairmont Hotel.

Show hours are 8:30 am to 6:00 pm, December 3-5. The
awards dinner will be held Wednesday, Dec. 4, beginning at
7:00 pm.

Preregister And $ave

Mail the form below with check payable to the Technology
Utilization Foundation, or fax the form with complete credit
card information to (212)-986-7864. You may register by
phone by calling (212)-490-3999 (VISA and Mastercard ac-
cepted). Government organizations may register using a
purchase order. Deadline for preregistration is November 8.

By11/8  On-Site
Complete Registration Package $300 $325
Symposia/Exhibits Registration $200 $225
One-Day Symposia/Exhibits Reg. $100 $125
One-Day Exhibits Only Reg. $25 $30

Federal government employees are entitled to a 50%
discount on above prices.

Complete Registration Package includes access to the
technical sessions, workshops, and exhibits for all three days,
a copy of the official Technology 2001 proceedings, and
tickets to the opening reception on Monday evening, Dec. 2
and the Technology Transfer Awards Dinner on Wednesday
evening, Dec. 4. Symposia/Exhibits Registration includes
entrance to the technical sessions, workshops, and exhibits
for all three days.

Tickets to the awards dinner may be purchased separately for
$150 each using the form below or by calling (212)-966-3100.
Registrants may pick up their badges and reception/dinner
tickets in the registration area at the San Jose Convention
Center, 150 West San Carlos St; registration confirmations
will be sent via mail. All registrants will automatically be mailed
the Technology 2001 Preliminary Program, available in July.

Special Rates On San Jose’s Finest Hotels

Hotel space is limited, so act early to secure these special
conference rates:

single double
Fairmont Hotel $105 $105
(headquarters hotel)
(800)-527-4727
Hyatt San Jose $85 $105
(408)-993-1234
The Red Lion $80 $80
(408)-453-4000
Hotel De Anza $115 $130
(800)-843-3700

For further information about Technology 2001, or to
find out how your company can exhibit at this major
national event, call Justina Cardillo or Joseph
Pramberger at (212)-490-3999.

Technology 2001 Registration Form

Use a separate form or photocopy for each registrant. Type or print clearly.
Name
Title
Company
Address
City/St/Zip
Phone

0 check enclosed Obillmy: QVISA QO Mastercard

AccountNo.
Expiration: Mo. Yr.

Signature

B e caclile et 4 e W | . 1

e 10880 mandicamn Fasrtnsddadiam Ad FPoand AOmad 8 ol P4 Alacas

Registration Fees:

Complete Registration $300 §$
Symposia/Exhibits Reg. $200 §
One-Day Symposia/Exhibits $100 $
(circle day: Tues. Wed. Thurs.)

One-Day Exhibits Only $25 $
(circle day: Tues. Wed. Thurs.)

Awards Dinner Only $150 §

Total: (Fed govt. employees deduct 50%) $

Registrations and awards dinner reservations are transfer-
able, and may be cancelled until Nov. 8, 1991 subject to a $50
cancellation fee. After that date no cancellations will be
accepted and no money refunded.

Al AIN A4 ™



¥i

Thermocouple-Signal-Conditioning Circuit

A thermocouple can be used instead of a resistance thermal device.

Marshall Space Flight Center, Alabama

A signal-conditioning electronic circuit
serves as an interface between a thermo-
couple and a control circuit that was de-
signed for use with a resistance thermal
device. In the original design, the resistance
thermal device was part of a bridge circuit
that included the input portion of the con-
troller, and the bridge circuit operated in
the resistance mode. When the signal-con-
ditioning circuit is used, the bridge-comple-
tion network is modified in such a way that
the bridge operates in a voltage mode.

The signal-conditioning circuit creates
a balanced bridge that minimizes common-
mode noise. As ‘‘seen” by the controller
at its input terminals, the combination of
the thermocouple and the signal-condition-
ing circuit has the electrical characteristics
of a voltage source in series with a resis-
tance (see figure). An instrumentation am-
plifier within the signal-conditioning circuit
buffers the thermocouple signal and pro-
vides gain. A small resistance-thermal-de-
vice circuit senses the temperature of the
reference thermocouple junction and ad-
justs the input bias of the output amplifier
accordingly.

The transfer function of the thermocou-
ple and the signal-conditioning circuit ap-
proximates that of the resistance thermal
device that is to be replaced. Within the
control circuit, adaptation software con-
taining thermocouple-calibration data
compensates for the nonlinearities in the
output of the thermocouple. The signal-
conditioning circuit also includes an alarm
circuit (not shown in the figure) that detects

Signal-Conditioning Clrcuit
A
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Negative EQUIVALENT BRIDGE CIRCUIT

The Thermocouple-Signal-Conditioning Circuit, acting in conjunction with a thermocouple,
exhibits the electrical behavior of a voltage in series with a resistance. The combination is part
of the input bridge circuit of a controller. The circuit is configured for either of two specific
applications by selection of alternative resistances and supply voltages.

an open circuit in the thermocouple and
provides off-scale output to signal malfunc-
tions.

This work was done by Richard A.
Simon of Rockwell International Corp. for
Marshall Space Flight Center. For fur-
ther information, Circle 116 on the TSP Re-

quest Card.

Inquiries concerning rights for the com-
mercial use of this invention should be ad-
dressed to the Patent Counsel, Marshall
Space Flight Center [see page 14].Refer
to MFS-29695.

Calculating Scattering at Circular-Waveguide Junctions

A computer program applies to step discontinuities.

NASA'’s Jet Propulsion Laboratory,

Pasadena, California

A computer program calculates scatter-
ing matrices for circular waveguides that
include step discontinuities between col-
linear sections of different radii. The radius
and length of each section can be speci-
fied arbitrarily. Examples of devices that
can be analyzed with this program include
waveguides with single step discontinuities,
matching sections, corrugated straight sec-

~ tions, and corrugated homs (see Figure 1).

In addition, sections with smooth tapers
and horns with arbitrary profiles can be ap-
proximated by series of small steps.

A good computer model predicts reflec-
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Waveguide With
Single Step Discontinuity
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Straight Corrugated Section

Corrugated Hom

Figure 1. Circular
Waveguide Devices
with step discontinuities
are accommodated by
the scattering-matrix
computer program.
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The programmable
display system:

Design applications for land, sea or air.

Vivisun Series 2000, now the leading program- programmable display system can do the work of
mable display pushbutton system, interfaces the 50 or more dedicated switches. In short, Vivisun
operator with.the host computer. The user-friendly Series 2000 gives the design engineer more control
LED dot-matrix displays can display any graphics or over the design.
alpha-numerics and are available in green, red or Contact us today.

amber. They can efficiently guide the operator
through any complex sequence with no errors and

0 wasted time. © ~erospack oprics INC.

They also simplify operator training as well as 3201 Sandy Lane, Fort Worth, Texas 76112
control panel design. One Vivisun Series 2000 (817) 451-1141 * Telex 75-84061 * Fax (817) 654-3405
— NI ITIT
q":‘ ERIELTaeLe -
= {;f_/ L o
Vivisun Series 2000 T - E
;"“IF :

programmable displays. The intelligent . :—-. B - s

communications system. e /
e
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tion and transmission characteristics, tak-
ing account of excitation in modes of high-
er order as well as multiple reflections and
energy stored at each discontinuity. Where
many modes may propagate, as in a de-
vice large with respect to a wavelength,
one may need to compute the reflection
and transmission properties of a mode of
higher order or series of modes that ex-
cite the device.

The basic building block for the mathe-
matical model that underlies the program
is the single step discontinuity. It is assumed
that the discontinuity is excited only by
modes of the TE,, and TM,, type (where
“TE" and “TM"' denote “‘transverse elec-
tric’’ and “transverse magnetic,’ respec-
tively): therefore, because of the symmetry
of the junction, only modes of the TE,,
and TM,, type can be excited at the
junction.

At the junction, one represents the elec-
tromagnetic field to the left as a sum of

Discontinuity Figure 2. Electromagnetic
Modes to the right and left of a
discontinuity are matched at
Output Vector the discontinuity to obtain the
equations that define the scat-
input Vector L tering matrix.
—_— n l w .
e D e I R _t_. 2
Output Vector
A ———— Input Vector
M Modes on Left Side Tl
N Modes on Right Side

M normal modes of a circular waveguide
of radius r,. Similarly, the field to the right
is represented as a sum of N modes for
radius r, (see Figure 2). M and N are
chosen large enough for convergence.
Next, one matches the electric and mag-
netic fields in the aperture at the junction.
The equations that result from these
matches are manipulated into a matrixe
vector form in which an output vector is

expressed as the product of a scattering
matrix and an input vector. The matrices
for the individual discontinuities are then
cascaded to obtain the scattering matrix
for the entire device.

This work was done by D. J. Hoppe of
Caltech for NASA’s Jet Propulsion Lab-
oratory. For further information, Circle 142
on the TSP Request Card.

NPO-17288

Solar-Cell Cover Glass Would Reduce Reflectance Loss

Total internal reflection at facets would trap more incident light.

Lewis Research Center, Cleveland, Ohio

A proposed faceted cover glass would
take advantage of total internal reflection
to increase the efficiency of a solar photo-
voltaic cell. As shown in the figure, the an-
gled facets of the cover glass would refract
the light as it entered. Then the portion of
the light reflected at the surface of the solar
cell would undergo total internal reflection
at the surface of the cover glass, rather
than partially escaping, and would return
to the surface of the solar cell. For light
incident perpendicular to the surface of the
solar cell and glass with an index of refrac-
tion of 1.527, a facet with a slope > 30°
would result in total internal reflection of
the rays at the surface of the cover glass.
If the angle between facets A and B were
90°, total internal reflection would also oc-
cur at facets B.

One previous method that has been
used to increase absorption is to “‘texture”
the surfaces of cells, forming grooves or
pyramids. Experiments show that a tex-
tured surface can reduce the reflection
losses of an antireflection-coated silicon
surface from 13.7 to 2.5 percent. However,
for some materials and processing tech-
nologies, the texturing may be difficult or
may reduce the mechanical strengths of
the cells. The proposed faceted cover glass
would make it unnecessary to “texture”
the solar cell, yet would produce a similar
improvement in efficiency.

Each pair of facets on the cover glass
must be asymmetrical. If symmetrical fa-
cets are used, much of the light reflected
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Note: Not to scale Solar Cell

NO REFLECTIVE COAT ON FACETS B:
SOME LIGHT INCIDENT ON FACETS B LOST

REFLECTIVE COAT ON FACETS B

Reflective Coat

Angled Facets in the cover
glass on a solar cell can in-
crease the light-absorption
efficiency of the cell by using
total internal reflection (TIR)
to trap more of the light. To
increase absorption, facets
B can be coated with metal.

from the surface of the solar cell would
escape at the next facet. If facets B are
angled as shown in the figure, that can be
avoided. However, light reflected from the
surface of the cell after entering through
a B facet would not undergo total internal
reflection at an A facet. Light incident on
the B facets could be redirected to A facets
by metallizing the B facets.

If the B facets were metallized, there
would be shadowed stripes running along
under the B facets that would receive less
illumination. If the cover glass were de-

signed in conjunction with the metal con-
tacts of the cell, the front contacts on the
cell could be placed in the shadowed re-
gion, thereby reducing losses due to grid
obscuration. For the proposed 30° slope
of facets A, grid coverage of as much as
22 percent could be accommodated in the
shadowed area.

This work was done by Geoffrey A. Landis
of Lewis Research Center. For further in-
formation, Circle 132 on the TSP Request
Card.
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The first name in imaging is the first
name in high performance solid state
imagers, as well.

Kodak full frame imagers deliver.
Resolution up to 4.2 megapixels, defect
free if required. Ultra-low dark current of
only 10 pA/lcm”. Anti-blooming protection
and up to 20 MHz per channel operation.
Even a 1.4 million pixel full frame imager in
a two-thirds-inch format!
We also have a variety of other
chips including video, infrared,
and linear image sensors such as
our 8,000 pixel tricolor array.
Whether your application is
electronic still, scanning, or
thermal imaging, remember
Kodak. Our name can make a
world of difference in your
product’s performance.

For more information, call
(716) 722-4385, extension 120.

SOLID STATES
IMAGE SENSOR
ONE NAME
MAKES A WORLE
OF DIFFERENCE.

© Eastman Kodak Company, 1991 " “
KODAK is a trademark. Circle Reader Action No. 417
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Micro Channel/Multibus-Il Interface Circuit
Independent Micro Channels can communicate over a standard bus without modification.
Lyndon B. Johnson Space Center, Houston, Texas

The Micro Channel/Multibus-ll interface
circuit provides the electrical interconnec-
tions that enable communications be-
tween Micro Channels of IBM Personal
System/2 computers and the |IEEE 1296
standard Multibus-Il parallel system bus
(iPSB). Made mostly of commercially
available parts, the interface enables in-
dependent Micro Channels to communi-
cate over the iPSB without modification.

The Micro Channel/Multibus-Il interface
(see figure) is divided into two major func-
tional sections: the Micro Channel inter-
face and the Multibus-Il iPSB interface. The
iPSB interface logic performs the following
functions:

1. Access to interconnection space;

2. Arbitration of access to the bus and con-
trol of transfers;

3. Detection and correction of errors on the
bus; and

4. Construction and buffering of messages.

The Micro Channel interface logic per-
forms the following functions:
1. Direct-memory-access (DMA) transfer;
2. Input/output transfer; and
3. Programmed selection of options.

The iPSB Interface can be implemented

in a single commercially available very-
large-scale integrated-circuit module, the
message-passing coprocessor (MPC),
which directly controls the functions of the
iPSB mentioned above. The MPC was
chosen to implement these functions in
this design because, in addition to support-
ing the full message-passing protocol of
the parallel system bus, it provides a “back
end” through which it can be connected to
different local busses.

While the MPC is a common commer-
cially available part, the Micro Chan-
nel/Multibus-1l interface is the only circuit
developed thus far to connect an MPC to
the Micro Channel, bringing Multibus-1I
message passing to the IBM Personal
System/2 family of computers. The Micro
Channel interface logic enables the
transfer of data between the MPC and the
Micro Channel by use of the Micro Channel
functions mentioned above. By converting
Micro Channel bus operations to a form
compatible with that of the MPC, the Micro
Channel interface logic enables the
microprocessor resident on the Micro
Channel to become an agent in a Multibus-
Il message transaction.

What is
Desktop Super Computing

all About?

e 25 to 450 MFLOPs

and Bevond

¢ 1.6 G bytes/sec system bandwidth
 Up to 144 Mbytes memory

e Macintosh®, IBM® & SUN

* Complete software development

environment

The Micro Channel interface converts
programmed input/output cycles on a Mi-
cro Channel to accesses to MPC registers,
making it possible to gain access to such
registers by “In" and “Out” instructions.
The Micro Channel interface also converts
Micro Channel DMA cycles into accesses
to the MPC solicited-message buffer,
enabling the first-inffirst-out memory of this
buffer to exchange data with the memory
of the Micro Channel. The Micro Channel
interface logic supports the selection of
programmed options, allowing various
parameters of the Micro Channel/Multi-
bus-ll interface to be changed in software.

This work was done by John J.
D’Ambrose, Richard C. Jaworski, Nyles N.
Heise, and David N. Thornton of IBM for
Johnson Space Center. For further infor-
mation, Circle 19 on the TSP Request Card.
MSC-21506

The Micro Channel/Multibus-ll Interface
enables communications between inde-
pendent Micro Channels of IBM Personal
System/2 computers and a Multibus-Il par-
allel system bus.
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Notes: 1. “POS™ means “programmable selection of options.
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One thing NASA
u'ﬂ mm Mnim The high-resolution
huve il‘l common: Seikosha VP-3500.

o &
seikm vmo mn'ers. It was Seikosha, a Seiko Group company,

that invented the first video printer in 1979.

And it was Seikosha that understood the
importance of making a video printer with
a line rate high enough for applications
ranging from MRI to electron microscopy
to industrial QC/QA.

The hard copy images NASA produced
on the VP-3500 from geostationary satellite
transmissions were used by the last four
Space Shuttle crews.

Our 1280-line,
multi-format video printer
can make things
perfectly clear.

The bottom line for any application is
picture quality. And the VP-3500’s bottom
line is very impressive.

The Seikosha VP-3500 gives you 1280 x
1240 resolution with full 64-tone gray-scale
prints from any video source: NTSC, PAL,
SECAM and RS-170. Plus you can choose
multi-format prints.

Let us introduce you to the video printer
with the resolution good enough for
modern medicine and NASA.

For a demonstration, or additional
information on the Seikosha VP-3500, call
1800-338-2609 or 1201-327-7227.

SEIKOSHA

A SEIKO GROUP COMPANY
©1990, Seikosha America, Inc., 10 Industrial Ave., Mahwah, N] 07430 Serious Prh'ters for serious business.
Circle Reader Action No. 462
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Video Recording of Images in Laser Remote Sensing

The timings of the laser pulse, shutter, and video frame are synchronized.
Goddard Space Flight Center, Greenbelt, Maryland

A timing technique enables the recording
of images in laser remote sensing of the
environment. The technique was devised
because the relatively inexpensive charge-
coupled-device video cameras that are
used in this application are not equipped
for the input or output of the timing signals
that are necessary for synchronization of
the laser pulses, shutter openings, and
video-recording frames. The technique can
also be used in industrial or commercial
processes that require clear sighting of
laser beams relative to their surroundings.

The cameras of the type in question in-
clude electronic shutters that remain open
down to times of less than a thousandth
of a second. By synchronizing the output
of a laser with the shutter opening of such
a camera, one can image the laser-beam
spot in the scene (eg., a spot on the
ground illuminated by a laser in an airplane
and viewed by a video camera mounted
with the laser). The effect of background
brightness in the scene can be reduced
in proportion to the shutter speed. Provid-
ed that the shutter opening lasts longer
than the laser pulse does, this effect can
be exploited to increase the apparent video
brightness of the laser spot.

This makes it possible, for example, to
use a visible-light laser in bright sunlight
or other normally adverse bright back-
ground illumination, and one can view the
laser spot along with the surrounding
scene on a video monitor. The aperture of

the camera can be adjusted to prevent
saturation of the camera by the laser spot,
while the shutter-speed adjustment sets
the level of background illumination.

For recording the laser-spot image on
a standard video-tape recorder, it is critical
that the laser pulse occur during the first
field of the video frame. This is because
in such a recorder, only the first field is
displayed during playback in the “‘pause”
or “still frame™ mode. Thus, if the laser
pulse occurred during a shutter opening
in the second field, the laser spot would
be invisible upon playback in pause mode,
even though it would be visible upon play-
back in the normal running mode.

During recording, the electronic shut-
1er is opened, for whatever duration has
been set, up to the end of each of the two
fields. It is necessary to use the start-of-
frame pulse in a camera to synchronize
the laser pulse with the first field and the
shutter opening. Typically, it is possible to
learn from the manufacturer where the
start-of-frame pulse is accessible on the
circuit board of the camera. This pulse,
which is often at transistor/transistor-logic
level, can be used to trigger a laser directly
at a pulse-repetition rate up to 30 Hz. (A
laser operable at less than 30 Hz is nor-
mally triggerable only when ready, so that
a train of pulses at a higher repetition rate
can be sent continuously.)

Thus triggered, the laser fires during the
first field as required, given the normal

delay of several microseconds from trig-
gering to discharge of light. This built-in
delay, plus the time-of-flight delay to a dis-
tant target, is often sufficient to enable the
use of lower shutter speeds without need
for additional circuitry. Otherwise, a digital
delay generator can be placed between
the start-of-frame-pulse output terminal
and the laser-trigger input terminal to syn-
chronize the shutter opening with the laser
signal.

This technique was used successfully
to obtain data from the NASA Airborne
Laser Polarimeter Sensor system during
the Forest Ecosystems Dynamics Experi-
ment near Bangor, Maine. In this experi-
ment, a doubled neodymium:yttrium alu-
minum garnet (Nd:YAG) laser was used at
altitudes from 100 to 300 meters. A Pulnix
camera was used to obtain images of the
ground where the laser was aimed. No
delay generator was required for shutter
speeds up to 11000 of a second. This shut-
ter speed not only prevented blurring of the
scene when viewed in the pause mode on
video tape but sufficiently reduced the am-
bient light to enable recording of the ap-
proximately 15-;4,J/cm2 pulse, along with
its surroundings, at the surface of the Earth
on a clear day at noon.

This work was done by James E.
Kalshoven, Jr., and Philip W. Dabney of
Goddard Space Flight Center. No fur-
ther documentation is available.
GSC-13398

Improved Remapping Processor for Digital Imagery

Features would include overlapping and variably sized preimages.
Lyndon B. Johnson Space Center, Houston, Texas

A proposed digital image processor
would be an improved version of the Pro-
grammable Remapper, which performs
geometric and radiometric transforma-
tions on digital images. The improved proc-
essor would overcome some of the limita-
tions of image-warping circuit boards that
can implement only those geometric trans-
formations that are expressible in terms of
polynomials of limited order. It would also
overcome some of the limitations of the ex-
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isting Programmable Remapper and could
be made to perform the transformations at
the video rate.

The existing Programmable Remapper
includes two processors, each of which
acts on the same input image but creates a
different portion of the information in the
output image, such that when the outputs
of these two processors are merged, a
synergistic output image is produced. One
of these processors, called the “collective

processor,” collects or averages several
input picture elements (pixels) to form each
output pixel. The other processor, called
the “interpolative processor,” creates out-
put pixels by interpolating between input
pixels arranged in patches of 4 by 4.
The existing Programmable Remapper
has several disadvantages:
¢ The two processors are difficult to operate
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