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THE BLUE COLLAR
COMPUTER I5
LOOKING FOR WORK,

Hard work. Economy. Reliability. Those are the
working-class virtues of the Rockwell International
family of microcomputer modules. Our RM 65, AIM
65 and AIM 65 /40 form compatible, cost-effective
solutions for process control.

The Blue Collar Computer’s roots are in a hard-
working chip. Its 6502 processor remains the
world's most popular CPU; year after year.

There’s a Blue Collar Computer for every
job. You can start with one of the three comput-
ers, each on a single board, then add
functions in a Eurocard format. For
savings and convenience, there are
two pre-packaged AIM microcom-
puter modules with on-board key-
board, printer and display. Rockwell
also offers modular intelligent periph-
erals, including printers and displays.

The Blue Collar Computer arrives
ready for work. You can program your
systems using BASIC, Instant Pascal,
assembly language or FORTH *

All are available

on easy-to-install ROMs.
BASIC and FORTH compilers g
are available on disk. e

BoF i

In any configuration, the Blue Collar Computer
is easy to buy and easy to use. The modular design
and pre-packaged AlMs allow you to add or subtract
functions quickly and economically. All modules you
receive are burned-in, fully tested and ready to use.
If you're designing an OEM product that could
use an economical, hardworking Blue
Collar Computer, contact your
local Rockwell Distributor, or
call the Electronic Devices
Division, Rockwell
International, at (800)
854-8099. In California,
" call (800)422-4230. Or
- writeusat PO. BoxC,

MS/501-300, Newport
Beach, CA 92660.

*Source: Dataquest
* *Trademark FORTH, Inc.
t AIM 65 is a registered Trademark of
Rockwell International Corp.

..where science gets downto business
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You've concluded that you need the performance and capacity that only
an 8 inch Winchester drive can provide. Which one should you buy?

There are 109 different models available.

Of this 109, only 39 are 8 inch floppy form-factor compatible.

28 of these 109 perform an average seek in 30 milliseconds or less.
And of this 109, only 17 offer true SMD compatibility.

Puzziled?

Only one company provides a disk
drive with all the features —

Kennedy
and Model 7300 o e b

with the right size, ht inte he rigk ce 1600 Shamrock Ave., Monrovia,
Write or GIV.O e ; i : 3 (213) 357-8831 TELEX 472

KENNEDY
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Interfaces
* 1209 KByte/sec. transfer rate
* Available 30-45 days ARO
* Q100: $2,560/$3,195




How: -
You can
Cut the
Cost of
Custom
Memory
Down

to Size.

First, Compare
Making Your Own to
Buying From Us.

When you make your own,
costs can vary. You gamble
on finding and keeping expe-
rienced memory design engi-
neers. Internal priorities can
delay delivery. And your ma-
terials come from several
sources.

When you buy from us, the
price we quote, upfront, is
the price you pay. Plus, you
get the benefit of more than
10 billion bytes of experience
in building memory products
with an average of 250,000
hours MTBF. And you get a
single product, on time, with
a full warranty.

Then, Clip this Coupon
and Send it to Us.

Need more information? Just
clip this coupon and send it to
us. Better yet, include your
product specs for a free, con-
fidential quote. Or call our
Microsystems Division at
(408) 743-4442. We're the
name to remember in custom
memory.

Impress Me.

I'd like more information on your
Custom Memory Program.

Convince Me.

Enclosed are my immediate
Custom Memory Requirements.
Please send me a quote.

Send Me.

Please send me your literature on G.E.
Intersil Systems Standard Memory Products.

NAME:

TITLE:
COMPANY:

CITY: STATE: Z1P:

PHONE:

Intersil Custom Memory Boards-

Used worldwide by Atlantic Research
in series data communications
protocol analyzers.

Intersil
Systems
Microsystems Division

1275 Hammerwood Avenue - Sunnyvale, CA 94086 - (408) 743-4442
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Cover photo shot on location
at The Foxboro Co by
Jonathan Goell. Pictured is a
demonstration unit of the
company’s process control
system.
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TECHNOLOGY
Analog 1/0 boards get smarter
by Richard Parker and Sydney F. Shapiro—Microprocessor technology
has strongly influenced modern data acquisition and control. Now even
1/0 boards, still mostly analog, are being impacted by digital architecture.

Single-board computers master industrial applications

by Rick Nelson—Hardware and software features as well as packaging
innovations are combining to adapt single-board computers to the factory
environment.

Prospects for expert systems in CAD

by Mark J. Stefik and Johan de Kleer—Although widespread use of
expert systems in solving complex CAD problems is several years away,
artificial intelligence concepts are being applied in experimental systems
for tomorrow’s knowledge based design assistance.

Call Forth for realtime control programming

by Al Whitney and Marvin C. Conrad—Forth is ideal for realtime
distributed process control. High on the list of pluses is easy interface to
assembly language modules—limiting the execution of time-critical
routines only to the intrinsic speed of the processor.

Machine vision in the real world of manufacturing

by James K. West—Machine vision, like human vision, has limitations.
Yet this important technology can become a cost-effective tool when the
mysteries surrounding it are removed.

Analog 1/0 board brings personal computer into the plant

by Andrew Davis and John Fierke—A data conversion board plugs into
the 1BM Personal Computer to give 12-bit resolution and 13,000-sample/s
throughput. Just three BASIC statements unlock all the board’s data
acquisition functions.

The impact of microprocessors on process control

by James Andrew Rovnak, Wayne C. Dunlap, Heinz B. Opladen, and
James A. Mann—Although hidden by the massive components it
controls, the microprocessor has become the major influence in digital
control system development, even in the automated power plant.

Control software for factory automation

by John Sylvan—A multitasking operating system architecture provides
dynamic CPU access so that individual control loops can be programmed
as independent software tasks in high level, extended BASIC.

Software aspects of factory machine control

by Theodore B. Ruegsegger—Impact of the computer on the integrated
factory floor has resulted in improved product fabrication methods.
Smooth interaction between machine tools and people, however, depends
upon practical software.

Microcontrollers maintain the loop for dc drives

by A. Ira Horden—Variable speed motors, whether used in the smallest
tape recorder or the largest steel mill, require controllers. A single-chip
microcontroller now replaces older multiple-chip versions.
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ina robot A multilegged walking robot that can move on any terrain in any direction, much
aiking : ; . : :
to serve as like a human, has been introduced by Odetics, Inc of Anaheim, Calif. Unlike

4 most other industrial robots, which consist of one or more arms and hands, the
extension Odex I has six legs (articulators) attached to a body (primary structure). The
for humans command/control center is on top of the body; the power source is on the
bottom.

Unlike most industrial robots, this walking robot, or ‘‘functionoid,’’ is not fixed
to a platform and not limited to single tasks. It can go anywhere humans can go
and operate in similar environments. However, it can also assume different
stances (from 3’ to 6.5 ' high and as narrow as 21”), and any one articulator can
lift 450 1b when the robot is moving, or 600 Ib when stationary. Maximum carry
loads are 1800 Ib when walking on level ground at higher speeds. Articulators can
extend to nearly 5.5’ in height. In addition, the robot can climb up and down in
2.5’ steps.

Possible sites for Odex I include mining, nuclear power plants, fires, or
construction. It also could be used for sentry duty by the military and, since it is
controlled by radio links, for long-distance remote operations, such as in a space
station. Of course, reaction speed decreases as distance increases.

Programmable Both small and mid-size system control requirements can be met by a
controller programmable controller introduced by Gould’s Modicon Programmable Control

- Div of Andover, Mass. Modularity of the 884 system permits the final package to
system fits match specific requirements. Major components include a controller with CMOS
many RAM and up to 256 1/0 points, choice of 10 170 modules, power supply, module
appli cations racks, and CRT programmer. More than 35 instructions are available.

Each of three microprocessors in the system is dedicated to specific tasks: one
executes user logic programs, a second controls communication between
controller and modules, while the third handles communication between the
system and external devices. All communications are handled through a built-in
RS-232-C port using the Modbus protocol.

Pretriggers

A military temperature range EEROM, a version of its model 5213 5-V only 16K device, has been introduced
by Seeq Technology of San Jose, Calif. The DM5213 provides 350-ns access times
and 10-ms byte write over the full —55 to 125 °C range. It can be written by
using either a single 5-V TTL level or 21-V signal and can be erased or written up
to 10k times.

A software tool that allows industrial engineers to implement plantwide computer based data acquisition and
control has been released by Modular Computer Systems of Ft Lauderdale, Fla.
Intended for use by engineers with limited knowledge of computer technology,
the modular MAXPAC set of standard and optional software enables parameters
of control functions to be defined readily.

Robot voice command capability has been added by RB Robot Corp of Golden, Colo for its RB5X intelligent
robot. Although the voice recognition unit is presently connected to the robot by
cable in conjunction with a personal computer, a future version will permit radio
communications to transmit commands. Eventually, the unit will be built into the
robot for independent functioning.

Computer Design (ISSN-0010-4566) is published monthly, with a thirteenth and fourteenth issue respectively in April and October by PennWell Publishing Com-
pany, Advanced Technology Group, 119 Russell Street, Littleton, MA 01460. P. C. Lauinger, Chairman; Philip C. Lauinger, Jr., President; Joseph A. Wolking,
Senior Vice President; H. Mason Fackert, Group Vice President. Second-class postage paid at Tulsa, Oklahoma. COMPUTER DESIGN is distributed without
charge to U.S. and W. Europe-based engineers and engineering managers responsible for computer-based equipment and systems design. Subscription rate for
others is $50 in U.S.A. and $75 elsewhere. Single copy price is $5.00 in U.S.A. and $7.50 elsewhere. Microfilm copies of COMPUTER DESIGN are available and
may be purchased from University Microfilms, a Xerox Company, 300 North Zeeb Road, Ann Arbor, Michigan 48106. POSTMASTER: CHANGE OF
ADDRESS-FORM 3579 to be sent to COMPUTER DESIGN, Circulation Department, P.O. Box 593, Littleton, MA 01460 (USPS 127-340).

® Computer Design is a registered trademark of Computer Design, a PennWell Publication, 119 Russell Street, Littleton, MA 01460. All rights reserved. No
materials may be reprinted without permission. Phone (617) 486-9501. VBPA ‘i'\"ABP
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This Lundy has an all-pervasive
breath-takingly beautiful 4097th color.
It’s called high resolution.

Lundy’s T5484 Color Raster Graphics Terminals have the highest color resolution available.
Think of that resolution as a Super Hue—a 4097th color—that mixes with all other 4096 colors
to make each as sharp as you’ve ever seen.

Our 5480 Series of color raster termi-
nals and workstations aren’t the only
ones with 4096 colors. But the colors
have never looked so good. Because
resolution has never been higher.

New standards.

The 1536 X 1024 pixels set a new
standard for displayable resolution.
Raster staircasing is significantly reduced
without the complexity of anti-aliasing.

But new standards don’t stop with
highest resolution. Areas are filled vir-
tually instantaneously so the 5480 Series
also sets a new standard for polygon fill.

Vector generation sets a new standard,
too. The time lapse between the mo-
ment you draw until the picture is
generated is as much as 50 percent
faster than many others.

Enemy of obsolescence.

You shouldn’t be forced to ditch
programs in place when you buy a new
terminal. For that reason, standard with
all 5000 Series models is a Tektronix

Lundys 5484 color raster design workstation.

4010 or 4014 Emulator with mixed-mode
software switch for enhancing existing
programs with color-native protocol.
Currently, our terminals can be driven
by many of the leading software prod-
ucts. And the list is growing rapidly.
Because Lundy is committed to an ag-
gressive third-party software develop-

ment program to provide the most
comprehensive application packages.

Lundy will help you
see more in graphics.

When you look at our 5480 Series,
take a close look at Lundy, too. We're a
company thats as good as its products.

A company that balances high tech
with solid business sense.

A company as proud of its service
(one of the largest service organizations
in the industry—39 locations nation-
wide) as its engineering expertise.

A company you can count on to help
you see more in graphics—and get
more out of graphics—both now and in
the long term.

For more information, write
Lundy, Glen Head, New York 11545,
or call: (516) 671-9000.

=

LUNDY

The Lundy 5484 displays 16 bigh resolution colors at a time. User downloadable character fonts; programmable character sizes.
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TEK 85y

For the price of a
single plug-in, you
can now convert your
Tek 7000 Series scope
to powerful digital
storage. Or take ad-
vantage of this new
productive digital
dimension to invest
in the high-perform-
ance 7000 Series
scopes for the first
time. The 7D20 is the
latest and most reward-
ing dividend to the 7000
Series plug-in concept
—a concept that keeps
your scope current not
only with each new ap-
plication, but with new
scope technology as well.

As you expect,
Tektronix packed the
7D20 with capabilities
well beyond anything
comparable, begin-
ning with the power to
store, recall, magnify
and reposition wave-
forms at will. A sam-
pling rate of up to 40
MHz offers single-shot
bandwidth performance
to 10 MHz and 70 MHz
for repetitive signals.
Waveform storage and
dual channel inputs let
you record, display and
compare up to three
pairs of simultaneous
events or six indepen-
dent signals. You can

store up to 10 divisions
(full-screen) of pre-
trigger data, or delay up
to 1500 divisions, always
with sharp, jitter-free
displays.

A convenient self-
monitoring envelope
mode captures and
displays subtle varia-
tions among random
events, so your time is
spent more produc-
tively. Enveloping re-
veals otherwise difficult
to detect amplitude and
frequency deviations
such as a missing pulse
and jitter.

Also included are
signal averaging for re-
ducing uncorrelated

noise of a repetitive sig-
nal. On-screen cursor
read-out. Non-volatile
memory storage for up
to six front panel set-
tings. And extensive
self-diagnostics. All de-
signed to improve mea-
surement accuracy and
repeatability, save you
time and eliminate
guesswork.

IEEE-488 interface
is built-in. You have the
option to delegate re-
petitive measurements
or other long-term moni-
toring tasks to a control-
ler, facilitating complete
and accessible docu-
mentation. Tek's
Standard Codes and

Circle 5 for Literature

Formats makes pro-
gramming and bus
control unusually easy:.

Plug into the digital
world now. Affordably.
Powerfully. The 7D20 is
an exceptional value. It
is a dependable invest-
ment in more productive
time. More creative op-
portunities. And in
greater versatility than
ever from the expanding
7000 Series. Talk to your
Tektronix Sales Repre-
sentative soon, or
contact:

U.S.A., Asia, Australia,
Central & South America,
Japan

Tektronix, Inc.

PO. Box 4828

Portland, OR 97208

Phone: 800/547-1512
QOregon only: 800/452-1877
Europe, Africa,

Middle East

Tektronix Europe B.V.

Post Box 827

1180 AV Amstelveen

The Netherlands

Telex: 18312

Canada

Tektronix Canada Inc.
P.O. Box 6500

Barrie, Ontario L4M 4V3
Phone: 705/737-2700

The Answer
By Any
Measure
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STACKS
THE DEC.

AND THE
MULTIBUS,
TOO.

Presenting StacPac™ systems and modules.

This is a brand new deal for systems integrators.

StacPac systems and modules. Modular storage and
backplane units that stand alone or stack together to form
the basis of a small but powerful tabletop computer.

They’re available in either DEC®- or Multibus®-
compatible versions. And there are lots of advantages to both.

On the DEC side, you can put a StacPac system in places
a rack-mount just doesn't fit.

On the Multibus side, you can use our StacPac system to
deliver serious minicomputer performance with microcom-
puter economy.

Either way you get greater flexibility to configure just the
right system. And the easy upgradability to expand it when-
ever you like.

But perhaps one of the most important advantages is that
you can protect your software investment—and your custom-
ers—because inside, you're still selling the same system. You'd
just never know it to look at it.

Which brings up another point.

Underneath that slick, compact exterior is the very latest
in storage technology. 8” slimline floppy drives. High
capacity, highly reliable 8” Winchesters. Compact %"
cartridge tape drives. And the best high performance con-
trollers in the business. (Packaged systems are also available
without controllers at your option.)

And if you're thinking about 5%” storage, there’s our 5%”
Winchester/floppy module. (Available in the Spring of 1983.)

Configuring an elegant system solution is a simple matter
of picking out the storage option you want and adding your
own CPU boards, I/O and memory to our uncommonly
accommodating backplane units.

Naturally, we back it all up with HyperDiagnostics,"
Rapid Module Exchange™ and HyperService™ Some of the
most economical and intelligent service features ever devised.

And you can have more information about StacPac
modules just by writing for our brochure.

But you just watch. You start marketing your systems in
our StacPac modules and your competition will say you have
an unfair advantage.

And you know something? They’ll be right.

Corporate Headquarters: 2241 Lundy Avenue, San Jose,
CA 95131. Eastern Region Sales and Service: Norwood, MA,
(617) 769-7620. Central Region Sales and Service: Dallas, TX,
(214) 980-4884. Western Region Sales: Santa Clara, CA,
(408) 727-3163.

R
DATA SYSTEMS DESIGN

CIRCLE 7

INTERNATIONAL SALES: Australia 03/544 3444; Belgium and Luxembourg 02/7209038; Canada 416/625 1907; Denmark 02/63 22 33; Finland
90/88 50 11; France 03/411 5454; Hong Kong and Peoples Republic of China 03/696231; Israel 52-52444; Italy 02/4047648; Japan, Osaka 06/323 1707,
Tokyo 03/345 1411; Netherlands 02977-22456; New Zealand 04/693 008; Norway 02/78 94 60; Singapore, Malaysia, and Indonesia 2241077; Spain
01/433 2412; Sweden 08/38 03 70; Switzerland 01/741 41 11; United Kingdom 7073/34774; West Germany and Austria 089/1204-0; Yugoslavia 61/263 261

% See us at NCC, Booth #P-7424



Add Intelligent Analog &
Discrete 1/0 To Your System:
Only $35 Per Point!

IEEE surge-withstand
protectional optional
on all terminations

NEMA enclosures,
explosion proof
and rack mount avallable

120VAC Power Supply Std. N J . 4 0r 91/0 slots:
220V, 24V UPS and dual supply optional £ : : : Direct Inputs for
Thermocouples
RTD's

4-20mA, 10V

Pulse

Discrete (TTL to 220VAC)

Outputs for
Analog

4-20mA, 10V
Discrete (TTL to 220VAC) 45

RS-232-C, RS-422, 20mA Current Loop
communications options - dual port Inputs.
Transient protection optional

Watch dog timer

MICRO CONTROL SYSTEM 100

CPU card with 24K PROM,
4K RAM communications port
and 24 TTL-1/0 points

CONTROL ROOM n il =t
Pt o W d U i
RACK MOUNTED 4 r‘ g J:ﬂ_g '[
MCS s “-“\ g =2 851 e L
K 0 PLANT ENVIRONMENT
CPU
MCS
— MCS
ASCII SERIAL MCs
INTERFACE MCS
./
SENSORS AND ACTUATORS
Modular, field expandable MCS Series provide direct sensor multi-dropped with up to 255 systems on a single line. Proprietary
interface for RTD’s.and thermocouples and include cold junction local clustering technique lets several MCS Series systems be
compensation and linearization. Isolated pulse inputs and volt- controlled by a single modem at a remote site.

age, currentand discrete inputs and outputs are available. Analog
inputs are autoranged and autozeroed. Both input and output
can be scaled 0 to 100%.

Screwdriver compatible barrier terminations for all 1/0’s offer
optional IEEE surge-withstand protection. All systems are offered
in NEMA 4, NEMA 12 and rack mount configurations.

Communications: ASClI serial interface with dual ports. RS-232-C Call for detailed descriptive brochure and specifications

standard; RS-422 and 20mA current loop are interface options. Data Acquisition and Control Systems Division,

Full control for Bell 202 modems is available. All systems may be 3631 E. 44th Street, Tucson, AZ 85713. (602) 747-0711
BURR-BROWN®

Putting Technology To Work For You

CIRCLE 8
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COMPUTER DESIGN'S
PREMIER EDITION ON

AUTOMATION & CONTROL

Why dedicate an entire issue, this Premier Edition, to
automation and control? The answer is quite obvious
to us, and hopefully to you as well.

Although several broad areas of technology prom-
ise exceptional growth over the next several years,
automation and control is probably at the forefront.
Yet, the range of subtechnologies involved in auto-
mation and control is so broad that it is sometimes
difficult to define all subjects accurately or to enumerate them completely. Factory
automation . . . robotics . . . artificial intelligence . . . computer integrated manu-
facturing . . . numerical control . . . data acquisition . . . . The list is endless, and
no one subject can stand by itself; they all interrelate.

For each subject, the technology has advanced dramatically in the near past, even
if only on a theoretical level. But all are about to explode with innumerable practical
applications. Computer Design recognizes this and is bringing you the information
you need to prepare—not for the future but for now.

When planning our approach, we realized that we could not thoroughly cover all
subtechnologies of automation and control in a single issue. Yet we have involved a
very high percentage of the most important ones in this Premier Edition. We have
covered smart 1/0 boards, single-board microcomputers, artificial intelligence (expert
systems), realtime control programming, machine vision, personal computers for
industrial control, the impact of microprocessors on process control, factory
automation software, NC, DNC, CNC, microcontrollers, data acquisition systems, data
loggers, terminals, fiber optic cables, cCD cameras, sensors, and much more.

To borrow a buzzword, we have prepared an integrated package—and, we believe,
a good package. But the true measurement is how valuable this package is to you,
the reader, in your work. Let us know.

/@M&(@m

Sydney F. Shapiro
Premier Edition Editor

COMPUTER DESIGN/April 21, 1983
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Well, Motorola’s still try- And you can forget what to drain the juice out of
ing to get the 68000 System  Motorola’s been saying about your CPU.
together. memory. The 286 not only But there’s a lot more to the
Unfortunately, it’s not only addresses 16 Megabytes of ~ iAPX86 family than performance.
too late. It’s too slow. physical memory, it addres- AT
THE 68000 WAS FAST. 5681 a?;gggyge per user of i maee
BUT THE iAPX286 IS Unlike the 68000, the 286 5 .
A WHOLE LOT FASTER. even has the memory man- 3% i L2 28 31
The new 286 is three agement, the protection, and £ - : )
times faster than the 68000.  the operating system interface e B s sl
Even our extr eme]y cost- funCthﬂS built on to the Chlp *Performance adjusted lo reflect indicated system amfiguration. Details
effective 186, which integrates  itself. So you get software pro- - # Ao B e Eit 0 2 L™
20 LSI devices into tection and software-in-silicon K e Comsos 225 15 B Mioniross Benchmarks
?éle chip, outpelzrf;)rms it. with no external components s I Miow Fb. F41 1
orry, Motorola.

- e
l‘s.__..'

© 1983 “Partnerchip”is a trademark of Advanced Micro Devices, Inc.



Motorola.

THE WORLD'’S FIRST Intel and Advanced Micro an agreement to exchange
PARTNERCHIP™ De\?l\c/?st. ey : garés,lmas}(s anil F&D, we'll
S otorola has their secon e delivering a lot more
’lt“‘l;’e Partnerc_gip Evey for Sources spread out from here  than promises over the next
é'\?él (gfspona € SOUTCes I0r ¢4 Tokyo. Not one comes close 10 years.

t{]y Iz 1 to offering you the entire So if you want the sys-
in the family: product line.) tem that’ll keep you way out
Together, we have more in front, climb aboard the

_peripherals on the shelf than  Partnerchip.
any other 16- b1t family. It’s a lot better than what
And since we've signed Motorola’s peddling.

, The iAPX86 People

Advanced Micro Devices o1
901 Thompson Place, Sunnyvale, CA 94086 « (408) 732-2400
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Looking for a faster
processor-to-processor
communications link?

Use Megalink™ for
1 Megabit/sec DMA transfer
between multiple DEC and
Intel processors on local
networks up to 32,000 feet
long.

¢ Q bus, Unibus, and
Multibus compatible
units plug directly into DEC and Intel backplanes.*

¢ Multidrop operation of different processors on single
coaxial cable for distributed networks.

¢ Integral 1 Megabit/sec FSK modem is immune to
baseband noise, has better than 1 bit/10'? error rate.

e Loadable RT-11, RSX-11M, and RSX-11S
device drivers available on floppy disk.

¢ Virtual disk subsystem.
e HDLC protocol implemented in hardware.
* Polled, token pass, or CSMA contention networks possible.

Call Garry Stephens today at (203) 544-9371, or write now
for specifications of Megalink DMA Interface Units

COMPUTROL

Division of Kidde Automated Systems, Inc.

15 Ethan Allen Highway
Ridgefield, CT 06877-6297 USA
203-544-9371

Telex 643358

*DEC, Q bus, and Unibus are trademarks of the Digital Equipment Corporation.
Intel and Multibus are trademarks of the Intel Corporation.
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Industry faces an unprecedented single process and upgrade to full compatible, right from the start.

challenge. To compete success- automation as your requirements Gould expertise in automation
fully in the world marketplace, we dictate. and control can improve produc-
must not only look to new plants Complete automation often tivity for you...now. Call or write:

and equipment, but must be more requires powerful minicomputers,
productive through automation of graphics terminals and displays, Gould Inc., S.E.L.
existing machinery. programmable controllers, servo- Computer Systems Division,
Gould is in a unique position tc motors and controls, solid-state 6901 West Sunrise Boulevard,

help you automate through a skillful switching devices and measure- Fort Lauderdale, Florida 33313,
blend of electronic hardware, soft- ment sensors, all interconnected  1-800-327-9716.
ware and engineering expertise. by a flexible communications
Our broad range of products enables and control network.
you to create the J)recise system Gould offers all of the integrated -) G 0 U LD
you need today. You can start witha electronics products required to

do the job. All standard and all Electronics & Electrical Products

Computerized intelligence for
| factory automation.
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polyFORTH Ii

The Operating System and
Programming Language
designed especially for

REAL-TIME
APPLICATIONS

* Robotics
¢ Instrumentation
* Process Control
e Graphics
... and many more.

polyFORTH Il has the high-per-
formance features you need to
slash development time by months:

POWER

All the programming tools you
need — multiprogrammed OS,
FORTH compiler and assembler,
editor, over 400 primitives and de-
bugging aids — resident and ready
to use.

SPEED

3-5 times faster than Pascal, 20
times faster than Basic, with a resi-
dent assembler for time-critical
functions.

MULTITASKING/MULTI-USER
Supports any number of tasks.
Even the smallest systems may
have two or more programmers
coding and testing interactively.

COMPACT CODE

Entire development system resi-
dent in under 12K. ROMable appli-
cations can run under 1K. Large
applications up to 10 times small-
er than with other techniques.

SUPPORT

On-line interactive documentation,
over a thousand pages of manuals,
FORTH Programming Courses,
and the FORTH, Inc. Hot Line plus
Contract Programming and Con-
sulting Services.

Available for most popular minis
and micros. From FORTH, Inc., the
inventors of FORTH, serving pro-
fessional FORTH programmers for
ten years.

FORTH,Inc.

2309 Pacific Coast Hwy.
Hermosa Beach
CA 90254

(213) 372-8493
TWX 910-344-6408
(FORTH INC HMBH)
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CONFERENCES

MAY 25—Trends and Applications
Conf, Automating Intelligent Behavior:
Applications and Frontiers, National
Bureau of Standards, Gaithersburg, Md.
Organized to provide better
understanding of artificial intelligence,
presentations will include vision and
sensing, speech synthesis, knowledge
acquisitions, robotics and automated
reasoning, situation assessment, and
societal impact. INFORMATION: Marvin
Denicoff, PO Box 639, Silver Spring, MD
20901. Tel: 202/696-4302

JULY 25-29—SIGGRAPH, Conf on
Computer Graphics and Interactive
Techniques, Detroit, Mich.
INFORMATION: SIGGRAPH Conf
Office, 111 E Wacker Dr, Chicago,
IL 60601. Tel: 312/644-6610

SEPT 12-14—IEEE Internat’l Conf on
Computer Aided Design, Santa Clara,
Calif. Areas of interest will include
VLSI designs and methodologies, CAD
systems, simulation techniques, design
verification, digital test, interactive
graphics, design automation, and large
scale engineering systems.
INFORMATION: John A. Domiter,
American Bell Inc, PO Box 3505,

New Brunswick, NJ 08903

SEPT 13-15—Autofact Europe Conf and
Exhibition, Palexpo Exhibition Ctr,
Geneva, Switzerland. Focus will be
upon CAD/CAM, robotics, flexible
manufacturing systems, graphics, NC,
DNC, CNC, and human factors of
factory automation. INFORMATION:
Computer and Automated Systems
Assoc of SME, PO Box 930, Dearborn,
MI 48128. Tel: 313/271-1500

SEPT 26-29—ISA Internat’l Conf and
Exhibit on Worldwide Progress Through
Instrumentation, Rivergate Exhibition
Ctr and Louisiana Superdome, New
Orleans, La. Papers will cover
automatic control, computer
technology, process management and
control, scientific instrumentation and
research, standards and practices, test
and measurement, and industry
application areas. INFORMATION:
Instrument Society of America, 67
Alexander Dr, PO Box 12277, Research
Triangle Park, NC 27709

NOV 7-11—IECON IEEE Industrial
Electronics Society Conf on
Industrial Applications of Mini and
Microcomputers, Hyatt Regency, San
Francisco, Calif. Included will be
workshops and special sessions
dealing with current hardware and

software topics related to automation
and control, such as automated
manufacturing, CIM, NC, robotics, local
area networks, distributed systems,
machine vision, and instrumentation.
INFORMATION: Patrick P. Fasang,
Siemens Corp, 105 College Rd E,
Princeton, NJ 08540. Tel: 609/452-7070

NOV 14-17—Autofact 5 Conf and Expo,
Cobo Hall, Detroit, Mich. Discussions
and exhibits will include analysis and
simulation, CAD/CAM, flexible
manufacturing, robotics, group
technology, automatic assembly, QC,
materials handling, and other computer
aspects of the automated factory.
INFORMATION: CASA/SME Public
Relations, PO Box 930, Dearborn, Ml
48121. Tel: 313/271-0777

NOV 14-17—PCI/MOTORCON Conf and
Exhibition, Cobo Hall, Detroit, Mich.
Focus is on electronics, motors, drives,
controls, sensors, semiconductors, and
other electronic and power devices
used in automation systems.
INFORMATION: Conference Director,
Intertec Communications, 2909 Ocean
Dr, Oxnard, CA 93030. Tel: 805/985-2289

SHORT COURSES

MAY, JUNE, JULY—Digital Control
Systems 4-Day Courses, Philadelphia,
San Diego, Boston, Los Angeles,
Washington, DC. Courses combine
theory and practice with emphasis on
real-world problems. INFORMATION:
Ruth Dordick, Integrated Computer
Systems, PO Box 5339, Santa Monica,
CA 90405. Tel: 213/450-2060

JULY 7-8—An Applications-Oriented
Approach to Artificial Intelligence,
George Washington Univ, Washington,
DC. An understanding of the design,
application, and implementation of an
intelligent system based on artificial
intelligence processing techniques that
are directly applicable to the solution
of practical problems. INFORMATION:
Douglas Green, George Washington
Univ, Washington, DC 20052.

Tel: 800/424-9773

JULY 18-22—Microcomputers in
Control Systems Including Interfacing
Methods, George Washington Univ,
Washington, DC. A familiarization with
the capabilities of microcomputers as
replacements for digital, analog, and
electromechanical elements in control
applications. INFORMATION: Douglas
Green, George Washington Univ,
Washington, DC 20052.

Tel: 800/424-9773
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Realtime graphics interface controls PC based automation

System level human/machine interface
of the D-1200 gives operators direct con-
trol over programmable controller based
automation through an interactive
graphics display. In addition, software
tailors the color display to the user’s
point of view. Three levels of operation—
overview, group, and point—are
depicted via fixed-format or user config-
urable options. A series of user trans-
parent subroutines written in a mixture
of FORTRAN and assembly language
handles process control functions.

Variable area focusing precorrelates
displays and display levels to create a
standard mechanism for shifting from
one display to another without program-
ming. Overview shows the realtime
alarm status of up to 144 control/
monitoring groups. The next level offers
144 group displays, which can each con-
tain up to 9 points of any type for a total
of 1296 field items.

A point is defined as a digital control
station, discrete alarm, PID controller,
analog input or batch control indicator,
or counter/timer/weight indicator with
set point and accumulated value. Each
device in a group of nine can be from a
separate process controller area.

At the group level, 2-state devices can
be controlled; measuring devices can
have presets changed; and analog con-
trollers can have mode changes, set

point changes, and outputs driven up or
down. At the point level, the operator
monitors realtime status, changes what-
ever was allowed in group level, and
assigns the point to a group or groups.

Software options include user config-
urable report generation and multiport
realtime and historical trending, as well
as ladder listing with user defined labels
and comments. Batch configurations
display up to 200 steps/page for the
recipe operation, highlighting the active
step. Each batch page displays run, stop,
pause, and advance controls.

High end model 1230 supports four
intelligent terminals up to 4000’
(1219 m) from the central controller
over a dual-loop network. Each station
functions independently, and can main-
tain a discrete data base or share its data
base with another station. The terminals
store up to 128K bytes of main memory
and run their own operating system.
Four individually programmable RS-232-C
ports allow communication to multiple
intelligent devices and/or networks.
Process Control Industries Inc, PO Box
386, Mansfield, MA 02048.

Circle 241

Adroit light assembly robot integrates vision, tool changes

'-'F

Targeted for specialized electronics
assembly and parts handling, the 6-axis
model 605 robot arm carries 5 1b (2 kg)
within a 33.4” (84.8 cm) radius at 40 ips.
Above-shoulder placement of the pro-
prietary Wrist Twist joint permits the
arm to approach work from contorted
angles.

Integrated vision system accepts up to
16 ccp or Vidicon cameras. Vision sup-
ports 100 object definitions with 256- x
256-pixel resolution. Under software
control, the robot will recognize randomly

placed objects, determine which should
be manipulated and how, then follow
an assembly routine. Reported appli-
cations include loading heads into a
hard disk drive assembly in a clean
room, inserting odd-shaped components
into a printed circuit board, and
operating printed circuit board testers.

The robot controller is designed
around Intel’s 8086 microprocessor,
which addresses 1M byte of system
memory, and the 8087 math processor.
Closed-loop performance monitoring
adjusts the robot to changes in tempera-
ture and payload.

Integrated end effectors are controlled
by a dedicated 8088, and feature
automatic tool change within one con-
tinuous work cycle. A standard set of
end effectors accommodates variously
sized and shaped electronic parts; cus-
tom grippers are also available.

Programmed in Microsoft BASIC, the
company’s enhanced Robot BASIC con-
tains over 150 robotic commands,
including 30 for control of end effector
and vision systems. The robot can also
be programmed offline on a personal
computer.

Up to 256 work routines load into the
robot controller for long-term memory
storage. Access to the appropriate work
routine is through a push button on the
controller’s front panel. A handheld
teach pendant allows an operator to
direct the robot through simple work
procedures without computer pro-
gramming.

The system comes with 128K RAM;
maximum additional memory is 768K.
Maximum program size is 64K, with
4000 defined points. Six peripheral con-
nectors accept memory expansion
boards for user designed electronics. Of
the five Rs-232-C ports, one is dedicated
to the host computer link and another to
daisy chaining robots to the central con-
troller, leaving three ports for expansion.

A separate safety computer contin-
uously monitors the robot’s activities
and halts movements if user specified
tolerances are exceeded. In that case, the
safety controller overrides normal
system commands, shuts down the robot,
and notifies the operator. Intelledex,
Inc, 33840 Eastgate Circle, Corvallis,
OR 97333.

Circle 242
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CAL: an indispensable tool for expanding factory automation

Jim O’Toole, professor of management
at the University of Southern California,
retells the story—possibly apocryphal—of
Walter Reuther’s trip to see the first
industrial robot in Detroit. At the fac-
tory, Henry Ford marked Reuther’s
shocked expression and asked what was
wrong; didn’t Reuther know how to
organize robots? To this Reuther
replied, ‘‘No, Henry, that’s not what
I’'m worried about. I’m worried about
how you are going to get them to buy
cars.”’

Control engineers today are working
for the Fords and not the Reuthers, but
they are feeling ramifications on all sides
that stem from the shift to gray-collar
production. Typically in America’s
heavy industry, robots came in one door
and blue-collar workers went out the
other. According to O’Toole, who served
as special assistant to the secretary of
Health, Education, and Welfare and as
chairman of the secretary’s task force on
work in America, writing off millions of
technologically displaced Americans will
be ‘‘a prescription for revolution.”

O’Toole has studied the decline of
innovation in this country and how that

impacts productivity. He suggests that
imaginative private/public partnerships
will eventually solve the training prob-
lems facing industry, but only with the
cooperation of labor and management.
““The most effective job training,’”’ he
remarks, ‘‘occurs in industry where cor-
porations can train people on the actual
machines they are using or on the
machines they are installing.”’

Professionals involved in computer
aided design, manufacturing, and engi-
neering know firsthand how powerful a
tool the computer can be. While making
enormous advances in their work, they
have witnessed astronomical jumps in
productivity. Changes in these areas,
however, are clouding formerly clear-cut
distinctions between computer designers
and computer operators in the control
and automation environment.

O’Toole confirms that within this
transitioning workplace the relationship
between workers and supervisors is
changing, and both need training to deal
with this. Blue-collar workers operating
computer terminals have access to a lot
of managerial information they didn’t
before. ‘“The supervisor can no longer

be an authoritarian or a policeman,”’
O’Toole comments. ‘‘He has to become
an expert consultant to the worker.”’

Individually paced computer aided
instruction (CAl) can effectively retrain
existing workers to handle the tasks that
spin off advancing technologies. In one
cooperative venture between the United
Auto Workers and General Motors,
workers are being retrained on the shop
floor with Control Data’s Plato, a com-
prehensive program of computer based
training for personnel who maintain and
repair computer aided manufacturing
equipment.

Reinforcing his opinion that computer
instruction is a sine qua non for keeping
pace with future technological expansion
at design and implementation levels,
O’Toole stresses the need to anticipate
problems corollary to the developing
technologies. ‘““We spend hundreds of
millions of dollars on new technology,”’
he asserts, ‘‘but not nearly enough in
preparing the people for this. Very
seldom do these technologies fail, but
the people fail the technologies.”’

—Deb Highberger, Associate Editor

Data logger stands alone for onsite data reduction

A self-contained data logger, MiniDAS
doubles as a data acquisition system with
a 16-bit 28002 microprocessor supporting
an onsite data reduction package. The
system acquires, digitizes, and stores
data from a full range of transducer
types while achieving a 20k-sample/s
measurement rate. Interactive menu for-
mat stored in EPROM prompts untrained
operators.

MiniDAS can function independently
or be incorporated into a network of
data acquisition systems; a high speed
transmission channel links the unit to a
larger distributed area acquisition net-
work. Through this channel the system
can receive a downloaded setup file and
transmit acquired data back to the host
processor. At the same time, the system
continues operating as an independent
data acquisition unit. Optional channels
for general purpose communication
include RS-232-C and IEEE 488.

Configured with a solid state, alternate-
relay multiplexer and extended-resolution
ADC, MinipAs will handle common-
mode inputs to 250 V rms. The master
chassis contains the complete system,
including discrete analog inputs and bus
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addressing for up to eight signal con-
ditioner cards (64 additional input chan-
nels). Each of 6 supported expansion
chassis houses 8 additional signal
conditioner cards for a total expansion
to 448 channels. Low and high level
transducer outputs are handled directly.

An expanded math package handles
data reduction onsite. Single-input chan-
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nels are converted to engineering units
such as strain temperature, volts, and
displacement. For instance, the system
will apply a fifth-order polynomial to a
measurement or calculate horsepower
from rpm and torque. Cyber Systems,
Inc, 2031 E Cerritos Ave, Anaheim, CA
92806.
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Batch controller oversees independent analog outputs

With onboard intelligence, diagnostics,
and power supply for complete local
control, Batch PAC can operate indepen-
dently as a measurement and control
system or as the lowest element in a dis-
tributed network. It is the most recent
addition to the Cinch pAcC family of
single-board computers for industrial
process control, production test, and
factory automation in hostile envi-
ronments.

Introduced last year as a class of
primary automation controllers, Cinch
PAC represents the first level of control
above the primary sensor (Computer
Design, June 1982, p 76). Further, 2K
bytes of RAM, 24K bytes of additional
EPROM, a 14-bit ADC, and a 12-bit DAC
equip the controller to perform data col-
lection, linearization, compensation,
control, actuation, and reporting.

User-settable variables preprogram
Batch PAC to directly control six inde-
pendent analog outputs for batch pro-
cess control routines. Besides that, the
controller can make inquiries on sub-
routines and current activities, as well as
on data acquisition of analog input chan-
nels. Powerful intervention/override
commands let the user take control over

current or future processes without
destroying resident operations.

Each control subroutine loaded into
Batch PAC accommodates up to 30 pro-
cess segments. Beyond that, each seg-
ment specifies a target output value and
a time to ramp from the last output value
to the new target. Ramp or soak/dwell
times for any segment in the process
operation can be set from 1 s to 350 h.

In addition, Batch PAC can store
several subcycles within each operation.
For example, start-up cycle, repeat
cycle(s), and shutdown cycle can all be
contained in a subroutine for any batch
output and commanded remotely at any
time by a host computer or terminal
operator. The controller automatically
repeats subcycles stored within sub-
routines for a specified number of times,
counting current number of repeats for
reporting.

Advance notification is given of each
cycle completion. When the number of
process segments remaining in an opera-
tion falls below predetermined levels,
the controller gives automatic warnings
and alarms to request the next operation
or signal a new recycle. The latest output
values and the number of process

segments remaining are automatically
reported at a specified time interval,
from 1 s up.

The controller hooks up to the 125-node
Cinchnet network, which coordinates
2000 analog input points, 2000 control
loops, and 8000 digital data points.
Transmission rate is 28.8k baud to 4000’
(1219 m) over direct 4-wire via RS-485,
with carrier sense multiple access/collision
detection. Since any device in the net-
work can initiate a message, polling or
token passing is not necessary. Inconix
Corp, 10 Tech Circle, Natick, MA
01760.
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Robotic system adjusts to feedback in work area

A modified Series/1 computer is the
heart of an intelligent robotic system
that can respond to changes in its work
environment. The model 7565 manu-
facturing system is intended for light
fabrication and materials handling, elec-
tronic component insertion, precision
mechanical assembly, and testing jobs.

Its controller monitors the robot’s
arm position and operation 50 times/s.

If arm motion exceeds defined tolerance
limits, motion is stopped. Moreover, the
control program can be ‘‘frozen’’ from
issuing move instructions; in that case, if
the arm moves, the hydraulic power will
be shut off.

An interactive manufacturing language,
AML, accesses system functions through
high level subroutines that control motion,
monitor sensors, perform complex

calculations, and manage storage, printer
display, and communications. Though it
includes commands like approach, with-
draw, transport, and grasp, AML is only
a base interface for programmers. Pro-
grammers expand this applications lan-
guage through the PRBE (program robot
by example) package.

The 2-finger servo controlled gripper
‘“feels’’ parts and tools in its work area.
Strain gauges sense force at the tip, side,
and pinch surfaces of each finger. Feed-
back from optical (light) and tactile
(force) sensors in the gripper fingers
enables the controller to respond to
changes in the work environment and
adapt the manipulator to an application.
Through programming, the force with
which objects are grasped can be con-
trolled, corners or edges of objects
detected for calibration and angle
measurement, and the presence or
absence of a part between the grippers
sensed. Alternately, a handheld pro-
grammable control box, or ‘‘teach pen-
dant,”” can move the arm and gripper
during application development. IBM
Corp, System Products Div, 1000 NW
S1st St, Boca Raton, FL 33432,

Circle 245
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THE HIGH DENSITY CONNECTOR SOURCE.

More ways to shrink
size, squelch noise and
trim application costs.

AMP subminiature D connector systems are where
today’s news in high density packaging is happening.

Among the latest additions to this giant family of
space-savers are the HDE’s, with pre-loaded insulation
displacement contacts. They can save you up to 40 percent
through mass termination, and come with the proven
manual or automatic tooling you expect from AMP.

Worried about EMI/RFI? You need not with our
shielded high density connectors. And filter-pin models
stop conducted noise at the connector.

Want low profile? The new HDF is only.335" high,
provides compact right angle termination of flat cable.

Connecting to pc boards? Our exclusive compliant pin
header installs without solder and without damage to
plated holes.

When you think high density interconnects, think AMP
—for the selection, performance and total economy you
need.

Get full information by calling the AMPLIMITE Connector Desk at
(717) 780-4400. AMP Incorporated, Harrisburg, PA 17105.

A RNIPP means productivity.
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Shielded styles to MIL-C-24308 family Low-profile right-angle
help you meet EMC for your aerospace needs. termination of flat
requirements. ribbon cable saves space.
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ANALOG 1/0 BOARDS
GET SMARTER

Microprocessor technology
has strongly influenced
modern data acquisition
and control. Now even

1/0 boards, still mostly
analog, are being
impacted by digital
architecture.

by Richard Parker, Contributing Editor
and Sydney F. Shapiro, Managing Editor
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tory environment is an accepted fact of life. Yet,

communication links between the process and the
computer remain largely analog. Even now, analog sen-
sors and transducers produce signals that are typically
amplified, signal conditioned, and multiplexed. Those
signals are then converted to digital form by an analog
to digital converter. In some cases, the analog signals
travel a mile or more, from the amplifier to the signal
conditioning circuit, over twisted pair wiring. The out-
put of the controlling computer must then be recon-
verted back to analog form (through a digital to analog
converter) to drive the appropriate actuators and valves
that regulate the process (Fig 1).

However, the advent of high speed and low cost
microprocessors is forcing a change. Microprocessors
are heavily impacting realtime industrial process data
acquisition and control applications. Board level dis-
tributed processing at relatively low cost is increasing
the number of possible digital subsystems within the
process loop. An excellent example can be seen in the
plethora of analog input/output (I/0) boards that are
becoming available. Because of this, the digitization
process is now moving much closer to the sensor and
transducer, providing a higher level of process control
reliability, flexibility, and efficiency.

Many modern analog 1/0 boards are nothing short of
complete systems in their own right, lacking only input
sensors and output actuators. Such boards can do it all,
from amplifying, signal conditioning, multiplexing, and
digitizing signals, to processing the signals with sophis-
ticated algorithms and driving high power loads. The
trend involves multiple facets:

D igital computer process control in the industrial fac-

* Increased data conversion speeds and resolutions of analog
1/0 boards, as well as the number of input and output
channels, to handle the demands of realtime process con-
trol. Often, a multitude of sensors and actuators is involved.
Upward integration of more functions on the same board is
a related trend.

* Improved 1/0 interface architectures to offload the host
central processing unit’s (CPU) burden. The use of direct
memory access (DMA) techniques is a notable example.
Along with this trend is improvement of the intelligence of
the analog 1/0 interface.
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Fig 1 Although a large part of the modern data acquisition and control system such as this still handles analog
signals, the digital takeover is proceeding slowly and surely. The proliferation of low cost microprocessors is one

major reason why.

e Distributed intelligence to reduce high wiring costs. Serial
data transmissions over twisted pair wiring is one method
of reducing wiring costs.

e Improved flexibility of analog 1/0 boards through modular
hardware and software.

* Reduced overall power consumption through the use of
complementary metal oxide semiconductor (CMOS) inte-
grated circuits (ICs).

Higher speeds and better resolutions

Analog 170 boards and cards can now boast of input
data conversion speeds of up to 250 kHz, and resolu-
tions spanning 8 to 16 bits. Such boards can handle sen-
sor and transducer signals on anywhere from 4 to 64
input channels. They can produce outputs over 2 to 8
channels at resolutions of 8 to 12 bits and data conver-
sion speeds of up to 800 kHz.

The latest generation boards perform a wide range of
functions formerly reserved for separate subsystem
cards and modules, from acquiring and conditioning
millivolt level signals mired in noise, to digitizing them,
performing number crunching operations, and pro-
viding hefty analog drive signals to fine tune the pro-
cess. Still, the use of individual cards and boards as
subsystem elements within the data acquisition and con-
trol loop (ie, the use of separate signal conditioning cir-
cuits, multiplexers, and data converters) is also popular,
since it provides the necessary flexibility to optimize
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subsystem performance levels. For example, very harsh
industrial environments where relay, motor, elevator,
machinery, and arc welder noise sources can play havoc
with input signals require high voltage isolation. In such
cases, the 300 to 400 V of input isolation available on
some boards is insufficient, and subsystem components
such as the 3B family of 170 units from Analog Devices,
Inc (Norwood, Mass) with +1500-V isolation are
called for.

Because microprocessor chips are relatively inexpen-
sive and widely available, they are being used in record
numbers on analog 170 boards. The result has been a
large increase in board intelligence, allowing many
boards to be bus independent since they can operate on
virtually any popular microprocessor bus. Yet, a large
number of boards are also making use of the STD bus,
which is proving popular for industrial applications.
Some bus independent analog 1/0 boards go so far as to
provide a dedicated microprocessor to control the
board’s own local 1/0 port, leaving all interface and
communications tasks to a host computer.

Bus independence offers several advantages, includ-
ing freedom from noise and error sources due to the
shortening of 1/0 lines, unburdening of the host CPU,
and the flexibility of handling a wide variety of far flung
sensors and transducers under the control of a single
board. One need only look at Analog Devices’ uMAC-4000
to see why this is so. That intelligent single-board system
family includes a microcomputer, control logic, universal



Analog 170 boards add data acquisition and control
capability to Multibus compatible microcomputers. This
board contains all necessary hardware circuitry to interface
with analog input and output signals. Courtesy Analog
Devices, Inc.

asynchronous receiver/transmitter, common analog
bus, 13-bit A-D converter (ADC), isolated 8-bit digital
input and output ports, programmable-gain amplifier,
power supply, and provisions for analog and digital
channel expansion.

The uMAC-4000’s 12 input channels can be mixed or
matched to accept sensor inputs in groups of four with
+1000-V isolation. In addition to the usual control
tasks, the board’s microcomputer performs such things
as thermocouple-transducer cold junction compensation,
linearization, and conversion to engineering units.

Thanks to two modules—one holding eight and the
other holding four sample/hold amplifiers as well as a
12-bit ADC, the DT3388 analog 1/0 board from Data
Translation Corp (Marlborough, Mass) can simulta-
neously sample 12 high level input signals, hold them
within an aperture uncertainty time of +5 ns, and then
digitize them at a 90-kHz rate. Thereafter, digital data
are transferred to memory. The board has a program-
mable-random access memory (RAM) register that
allows the user to specify which of the frozen input
channels is to be scanned at any time. Thus, the scan-
ning rate for each input channel is increased, and more
efficient use of system memory is made. The board is
designed to operate with the Digital Equipment Corp
(Maynard, Mass) LSI-11 bus and is available with the
computer program library software package that sup-
ports Fortran IV programs under DEC’s RT-11 realtime
operating system, through library subroutines. A
4-channel board version is also available.

Not all manufacturers of 170 boards concentrate their
efforts on single boards. Some choose the box level
approach, achieved by providing several board sub-
systems that plug into a common local bus within a card
cage. In this manner, the user starts with a basic system,
expandable and reconfigurable, through additional
plug-in boards, to match changed needs. Furthermore,
assigning specific tasks to boards within the card cage
maximizes individual circuit performance and mini-
mizes the time wasted by each on unrelated tasks.

Although there are many such box level products, a
good example is the intelligent data acquisition and con-

trol (IDAC) chassis from Data General Corp (Westboro,
Mass). This powerful system, using a 16-bit microcom-
puter and handling up to 4800 digital and analog lines,
can be configured in both standalone and integrated
modes. In the former configuration, it is available with
a cathode ray tube terminal, dual-floppy disk drive (or
Winchester disk drive), and a medium speed printer. In
the latter configuration, several IDAC chassis can be put
under the control of a large host computer, with each
chassis programmed to handle a certain distributed pro-
cessing task. Each IDAC chassis has five card slots for
memory, processing, and signal input lines.

Gaining from better ICs

Many of the board level analog 1/0 products on the mar-
ket owe much of their power to the proliferation of
advanced linear ICs such as multiplexers, converters,
programmable-gain and instrumentation amplifiers,
sample and hold amplifiers, and filters. Thus, as higher
performance versions of a semiconductor device
become available, the board manufacturer upgrades the
1/0 board by incorporating an improved IC. Further-
more, building block system designers are provided with
the convenience and flexibility of building their own
data acquisition and control systems, particularly as
some of the ICs begin to incorporate more than one
function on the chip. However, powerful data acquisi-
tion systems such as the modular MDAS-940S (16-channel
single-ended operation) and the MDAS-940D (8-channel
differential operation) from Datel-Intersil (Mansfield,
Mass) both with onboard programmable-gain ampli-
fiers, make the buy-instead-of-build decision much
easier.

Manufacturers such as National Semiconductor Corp
(Santa Clara, Calif) provide linear devices optimized for
the industrial process. The firm’s hybrid DAC-1242 12-bit
digital to analog converter (DAC) is designed specifically
to drive one of the most widely used interfaces in the
factory, the 4- to 20-mA current loop. It is particularly
intended to work with ISA Type 3 standard connections
to drive signals long distances over twisted pair wiring.

Monolithic programmable-gain amplifier ICs have
made it possible for data acquisition systems to work
with a wide range of sensors and transducers that produce

The isBX 328 analog output multimodule has eight channels
of voltage for current analog output on a single-width
multimodule board that plugs into any iSBx compatible iSBC
board. Courtesy Intel Corp.
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millivolt outputs, as well as those of several volts,
without the need for pushing the resolution of mono-
lithic and hybrid ADCs. Such amplifiers are simply
placed ahead of the converter, one for each transducer
or sensor, allowing the use of lower resolution con-
verters that can operate close to if not at their full scale
ranges.

Normally, the outputs of such amplifiers are fed to a
high signal level multiplexer before being digitized by
the ADC [Fig 2(a)]. Now, however, the advent of multi-
plexer I1Cs that can handle lower input signal levels has
made it possible to eliminate many programmable-gain
amplifier 1Cs by having several low level sensors and
transducers feed their outputs directly to the multi-
plexer. A single programmable-gain IC amplifier then
amplifies the multiplexer’s output before digitization
[Fig 2(b)].

Some monolithic ADCs are available with serial out-
put data streams instead of the usual parallel output
data formats. This makes them suitable for distributed
industrial data collection systems that transmit infor-
mation serially over long distances. There are even com-
panding type DACs that mate well with logarithmic
output transducers. Such converters provide a straight
line approximation of a logarithmic input and are thus
great linearization partners for many transducers.

Complete analog and digital 1/0 functions are available to
the 1BM Personal Computer via the DT2801 single-board
system. This 170 peripheral fits into one of the host
computer’s expansion slots. Courtesy Data Translation.
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Fig 2 The availability of inexpensive low level signal
multiplexer 1Cs has reduced the need for a premultiplexer
instrumentation amplifier per sensor, the conventional
arrangement when using standard high signal level
multiplexer ICs (a). Instead, a single programmable-gain
amplifier can be placed after the multiplexer to handle
several sensors (b).
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The Multibus takes off

A large number of analog 170 boards and data acqui-
sition components are designed to interface directly to
the Multibus, as the latter finds more uses in industrial
applications. Increasing popularity of the STD bus and
the Multibus has meant an upsurge in the availability of
bus dependent 1/0 boards, as well as optimization for
the buses they serve.

Burr-Brown Research Corp (Tucson, Ariz), for
example, offers the MP8430 board that can interface with
sixteen 3-wire resistance-temperature detectors (RTDSs).
This board provides all the necessary sensor excitation,
signal multiplexing, amplification, and A-D conversion
for direct Multibus interfacing.

For the STD bus, Analog Devices offers its RTI-1270
series of intelligent analog input boards. These boards
work under the control of a host CPU via the STD bus.
Included are preprocessing, signal conditioning, and lin-
earization of input sensor signals, such as those pro-
duced by thermocouples, RTDs, strain gauges, and IC
temperature sensors. Also included on the boards are
ADCs and semiconductor RAMs. The series is made up of
the basic RTI-1270 card, which includes the CPU and ADC,
and up to four RTI-1271 signal conditioning/multiplexer
cards.

Although Intel Corp (Santa Clara, Calif) helped set
the de facto standard for Multibus analog 1/0 cards with
its iSBC 700 family of Multibus boards, that company is
now offering analog 1/0 capabilities for Multibus
systems via the iSBX piggyback connector available on
single-board computers. However, many board manu-
facturers are offering analog 170 boards that not only
are plug compatible with the older Intel iSBC 700 family,
but also offer higher performance hardware and soft-
ware features. Analog Devices’ RTI-700 family of boards
with memory mapped extended addressing over a 24-bit
address range is just one of many examples. The boards
are direct replacements for the industry standard Intel
iSBC 700 Multibus boards, but can also be used in 16-bit
computer systems that might require as much as 16M
bytes of memory.

Better 1/0 architecture

Increases in analog 1/0 board speed and resolution levels
can go only so far before the board’s capabilities begin
to outstrip the capabilities of the interfaces to the board.
As a result, the trend is to diversify board 1/0 architec-
tures to take advantage of additional hardware and soft-
ware board advances and to lighten the host CPU’s



i -
AKING Ty TEan

Who says
SMD Controller

design is so r-r-rough?
[INrOAUCING QU i et o it rt,

tion to our industry standard floppy disk controllers and ST500/SAI000 Win-
new WDIOSO chester disk controllers, Western Digital delivers a single chip solution to SMD,
L CMD, MMD, LMD and FHT interfaces. Oh my!

It's the WDIO50, a 64-pin VLSI controller/formatter. That's one chip, instead
of up to 40MSI devices and a microprocessor. And instead of innumerable nights
and weekends of software drudgery.

How powerful is the WDI050? Powerful enough to handle
eight high level macro commands, auto format/verify with program-
mable interleaving, single/multiple record operation, hard sector
formatting, CRC checking with external ECC compatibility and a 16-bit
direct buffer access interface for disk drive-to-buffer data transfers.

Systems builders already following our Yellow Brick Road of
disk controller solutions know that our ongoing LSI innovations soon
turn into cost effective board level products for those who prefer
“buy” to “build”

Starting today, though, adding the extra capacity and higher
performance of SMD compatible drives to your system doesn't take
courage. Just the brains to start with our new WDI050.

The next step is yours. Call our Controller Hot Line, (714) 966-7827
for more details. Or write on your letterhead.

U

Components Group 2445 McCabe Way, Irvine, CA 92714, (714) 557-3550 WES TERIV DIG/TA[
" g vR P a A A o

VRN



R .

T (T

..'l T L EREEE T L] )

sT-728 industrial Multibus D-A board has eight 4- to 20-mA
outputs and mates to 8- or 16-bit cpus with 12-bit
resolution. Courtesy Datel-Intersil.

burden. Many modern analog 1/0 boards have parallel
1/0 buses of their own. Many can communicate with one
or more host computers over a serial link at high data
rates of up to 76k bps.

Instead of simple programmed 1/0 (PIO) interface
architectures that are limited to relatively slow data con-
version speeds of 35 kHz or less—requiring a fairly high
degree of system hardware and software overhead—the
more sophisticated analog 1/0 boards feature DMA inter-
face architectures and dual-port RAMs. These handle
data conversion rates of up to 200 kHz. Such speeds are
high enough to minimize the monopolizing of expensive
bus and CPU time. Software overhead is less than that of
older PIO boards.

Boards with DMA architectures usually have local buf-
fer memories that hold the converted data until they are
transferred to a preselected system memory location,
thus freeing valuable CPU time. Such boards can be
found for a variety of microcomputer buses. However,
even DMA architectures are sometimes lacking applica-
tions. Thus, more advanced architectures are being
examined. This is precisely what Data Translation has
done. That company has developed what it calls an
Advanced Architecture, offering the control flexibility
of PIO architectures and the high speed data capabilities
of DMA architectures, but with fewer of either
approach’s disadvantages. Data Translation is making
this architecture available in a family of boards for the
LSI-11 bus. The boards can acquire analog inputs and
digitize them into semiconductor memory at a 250-kHz
rate, and into slower magnetic disk memories at a
100-kHz rate. At such speeds, the LSI-11’s host com-
puter, the RT-11 software operating system, and even
some Winchester disk drives are being stretched to their
performance limits. Thus, it is not surprising that Data
Translation also offers pertinent software and Win-
chester disk drives with its LSI-11 Advanced Architecture
boards.

With the Advanced Architecture, only the host com-
puter concentrates on initiating A-D conversion cycles.
Individual channel addressing, as input data, is scanned
from a list stored onto an onboard RAM. A pair of
onboard buffer memories alternately accumulate and
transmit converted data in such a way that the data
appear to the controlling host computer as a continuous
stream.

One problem with the Advanced Architecture boards
is that they are less tolerant of delays as the number of
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users per board grows. This problem was solved by Data
Translation using dual-port architecture. This doubles
the effective bandwidth of the host processor bus and
eliminates the need for high speed software house-
keeping tasks between buffer memories (Fig 3). Avail-
able for Data Translation’s DT3300 family of LSI-11
analog 1/0 boards, the architecture allows throughput
rates of 250 kHz using the DT3362 dual-port ADC inter-
face and the DT3369 RAM board. Boards with dual-port
architectures use a data path external to the host com-
puter bus and a very large buffer memory. This handles
multi-user applications and is insensitive to CPU or soft-
ware latency times.

Serial communications for low wiring costs

With the increasing capabilities of analog 1/0 boards
and other data acquisition components, the need to
keep wiring costs within reasonable bounds is becoming
a major issue. In the simplest but also the most expen-
sive case, every remote sensor and transducer would
have a dedicated line of wires running to the controlling
computer board. This strategy may be acceptable for a
few sensors and transducers that are only a few feet
apart. When the number of sensors and transducers
begins to climb into the dozens, however, and each one
may be hundreds if not thousands of feet from the host
computer, the wiring costs become astronomical. In
addition, there is the difficulty of future expansion to
handle additional sensors, and the rat’s nest of wiring
that can cause mammoth noise problems with low level
signals. It is not uncommon to experience costs of
$50,000 to $60,000 to wire up 20 to 25 sensors, located
about 100’ apart, directly to a central computer board
that may be about 150’ from each sensor. Thus, the
installation costs of just the wiring and associated con-
duits can easily exceed one-half the total data acquisi-
tion and control system costs.

Fortunately, many analog 1/0 boards are designed
with serial 170 ports. These boards work with remote
serial receiver/transmitter modules that dramatically
reduce wiring costs (Fig 4). An excellent example is the
Remdacs 11 from Intersil, Inc (Sunnyvale, Calif), which
allows hundreds of sensor signals to be transmitted to
the host computer on a single piece of twisted pair
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Fig 3 Unlike conventional analog 1/0 board bMA
architectures, which are limited to handling aggregate
sampling rates of about 10 kHz, Data Translation’s
Advanced Architecture and dual-port architecture extend
operating limits up to 250 kHz. The result is an unburdening
of the host processor, allowing multiple users to share the
same processor with no delays.
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wiring. Remdacs provides analog and digital 170 con-
nections for up to 512 separate locations, all multi-
dropped on the single twisted pair wire. Host computer
connection for any sensor can be made at any point
along the wire, via a parallel bus, an RS-232 link, or even
a modem. Any remote station can be configured as a
multichannel analog or digital input or output.

The Remdacs 11 receiver/transmitter card works with
remote station cards under microprocessor control.
(The microprocessor is in each remote station card, as
well as the receiver/transmitter card). Each processor
generates its own command codes, formats the data,
and programs its own operation. Each of the remote
station cards has a separate address in a highly secure
serial code. The address is transmitted to the host pro-
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Fig 4 In a conventional data acquisition system (a),
dedicated wires are needed for each analog signal input to a
controlling computer, leading to tremendously costly and
massive wiring needs, not to mention much rfi/emi influence
on system signals. Modular serial receiver/transmitters
working with remote station cards (such as those in the
Intersil Remdacs system) allow the use of only a single
twisted pair wire, greatly reducing wiring costs and
complexities and ensuring an rfi/emi-free system (b).
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Mailbox memory eases software control and system interface
with National’s analog 1/0 board. Signals received by the
board are stored after conversion for later use by the host
processor. Courtesy National Semiconductor Corp.

cessor over the twisted pair wire in a half-duplex mode.
Because of the party line wiring architecture of the
Remdacs 11 system, the wiring path can be arbitrary,
allowing a large degree of flexibility while retaining the
low cost advantages of single pair wiring.

Burr-Brown also has a remote serial data acquisition
board in its MCS100, which is designed for Multibus
operation. Up to 15 such boards can be multidropped
on a single serial communications line to handle a total
of 16,320 analog and digital input and output points.

More flexible and modular software emerging

The move toward fully integrated data acquisition and
control systems has brought with it a parallel move to
develop simpler and more user oriented software. In
fact, demand for good software often exceeds that of
hardware for board level data acquisition and control
products. Although the use of assembly language pro-
gramming optimizes a board’s performance levels, the
user finds it more efficient to program in a high level
language like BASIC or FORTRAN. Assembly language
programming is cumbersome and not user oriented.
Fortunately, modular software packages that allow the
user the best of both language worlds are becoming
available. Such modules allow the user to employ a high
level language to write the applications programs.
Languages are then linked, via a linker, to software pro-
grams written in assembly language for time critical
tasks such as the scanning of input analog channels
upon receipt of a command signal from the controlling
processor. Thus, the assembly language programs are,
in effect, subroutines of the applications programs that
are written in a high level language.

Virtually every manufacturer of high performance
analog 1/0 boards offers such flexible and modular soft-
ware packages in support of its products. Often, it is the
software package that defines how flexible and power-
ful an analog 170 board really is. This is not surprising;
many data acquisition and control systems are so com-
plex that far too many parameters need to be controlled.
Only the proper software program can make such
systems perform optimally under various conditions
and applications.

As this trend accelerates, the choice of the right soft-
ware package, the type of operating system, the kind of
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language, system memory size, and support peripherals
will all become important issues. It will no longer be just
what type of microprocessor or multiplexer is on the
board. A user attempting to develop software for such
complex systems can run very costly debugging prob-
lems that can often be nearly impossible to solve.

Bit and byte protocols contend

Both bit and byte oriented protocols are being used for
serial data transmission of sensor and processor infor-
mation over factory floor local networks. Bit oriented
protocols such as the high level data link control (HDLC)
protocol are simpler than byte oriented ones. Whereas
byte oriented protocols have a control character for
each message within a message frame, bit oriented pro-
tocols use a single control character at the beginning and
end of the message frame (Fig 5). Thus, bit oriented
protocols require less complex decoding circuits and are
capable of transmitting information faster than byte
oriented ones. While there are many analog 170 boards
that use bit oriented protocols, fewer are available for
byte oriented protocols such as the Samux II system
from Opto 22 (Huntington Beach, Calif). That protocol
is easier to implement than a bit oriented one (much as a
high level language is easier to use than an assembly
language, even though the latter is more efficient). In
the Samux 11 system, a host computer interfaces with a
processor based board that can address four driver
boards. Each driver board, in turn, interfaces with four
solid state relay boards, each of which can handle 24
analog or digital points.

Still, bit oriented protocols such as HDLC are gaining
momentum in factory networking applications using
serial communications links. Other protocols being used
include Bisync, synchronous data link control, ASCIlI,
and Packed Ascil. However, HDLC allows an unlimited
number of nodes to be networked together due to an
accommodating address field that can stretch to any
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Fig 5 Bit oriented protocols (a) such as HDLC are rapidly
gaining in industrial networking applications in which
computers and peripherals communicate with one another.
Unlike byte oriented protocols (b), bit oriented protocols are
simpler (fewer control characters) and can transmit
information faster. Byte oriented ones, on the other hand,
are easier to implement.
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size. Furthermore, a large number of messages can be
sent with HDLC protocols since the HDLC information
field can be extended to any length.

CMOS brings down power consumption

Efficiency in data communication protocols for data
acquisition and control systems is being rivaled by effi-
ciency in power consumption. The trend is to use as

A complete plug-in, 12-bit data acquisition and distribution
subsystem for the Texas Instruments TM990 series
microcomputer, the ANDS3001 offers up to 32 single-ended or
16 differential input and 2 analog output channels. Courtesy
Analogic Corp.

many CMOS parts as possible. In fact, some analog 1/0
boards such as those of the Cosmac system from RCA
Solid State Div (Somerville, NJ) and the Cimbus family
from National Semiconductor Corp are virtually all
CMOS boards.

Some firms such as Diversified Technology Inc
(Ridgeland, Miss) produce CMOS analog 1/0 boards with
harsh industrial environments (eg, oil rig drilling) in
mind. One example is Diversified’s CBC8731-2 series of
boards for the Multibus. Such boards dissipate a mere
2.5 W and have battery backup operation. The boards
have 32 single-ended and 16 differential A-D channels,
and 2 D-A output channels. They also include program-
mable-gain amplifiers, optional programmable offsets,
software selectable true rms to dc conversion, user
selectable addressing, and provisions for 4- to 20-mA
current loop inputs and outputs.

CMOS parts are particularly useful for factory envi-
ronments since they have high noise immunity, can
operate at high temperatures, tolerate wide swings in
power supply voltages, and dissipate little power to
make them battery operable. In fact, the traditional
higher price disadvantage of CMOS ICs compared to con-
ventional N-channel metal oxide semiconductor parts is
fast dwindling. Thus, within the next few years, all
CMOS data acquisition and control systems may be as
common as RS-232 and 4- to 20-mA interface loops are in
today’s industrial plants.

Please rate the value of this article to you by
circling the appropriate number in the ‘‘Editorial
Score Box’’ on the Inquiry Card.

Low 703

High 701 Average 702

In photo on p 33, 1/0 boards are shown in place in a Honeywell
TDC 2000 control system. Courtesy Honeywell Process
Management Div.









| No more band-aids to stretch an architecture.

The NS16000 features a totally new, totally practical
architecture —not simply an enhancement of an
existing one. With supporting National and third-
party software, the NS16000 microprocessor
family becomes the first to offer system designers
the opportunity to adopt the migration path and
performance of a full 32-bit architecture that will
endure to the end of the century. Thats elegance.

No more programming in novel ways for
obscure reasons.

Only the NS16000 microprocessor family's archi-
tecture is deliberately based on high level languages,
intentionally designed to support their use. The
architecture’s structure and behavior correspond
directly to the objects and operations of HLLs—
enabling symmetric use of general-purpose registers,
memory locations, expanded addressing modes,
data types, and sophisticated instructions. The dis-

’ advantages of writing programs in HLLs for
microprocessor-based systems have now been
elegantly relegated to computer history.

No more dead-end segmentation.

The NS16000 is the first commercial microprocessor
to solve the problems of large memory manage-
ment by using both uniform addressing and Demand
Paged Virtual Memory. With this memory stra-
tegy —equivalent to that used in the VAX"-11 and
all present IBM mainframe computers—each
programmer, each program, each task, can simul-

| taneously and independently access a uniform
addressing space of 16 megabytes, without reservation
or special exception. Thats elegance.

Think about it.




The New Criterion
in Software Productivity:

The NS16000
Microprocessor Family.

The pure migration path and the
virtuoso performance inherent
in the NS16000 microprocessor
family are just the beginning.

The NS16032 CPU, now available,
has a 16-bit-wide data path to mem-
ory and 32-bit architecture. Other CPUs
in the family will feature 8- and 32-
bit-wide data paths, but the 32-bitimple-
mentation in each ensures that the
software you write today will work without
modification tomorrow, when you
upgrade from one CPU to the next.

Evaluating performance: a 32-bit
integer multiply on the NS16032 CPU
takes only 8.3us at I0MHz.

The architecture of the NS16000
family is based on the roots of
all the most powerful high level
languages —to fully support

the use of HLLs.

Programmers have long asked for
a microprocessor designed with the soft-
ware in mind. The regularity of the
architecture for which code is being
generated significantly affects its
quality: the more regular the architecture,
the simpler it is to produce lean, fast
code. And, of course, designers and pro-
grammers write programs more quickly
in high level languages.

The CPUs in the NS16000 family
provide a high degree of regularity in the
arrangement and use of their 32-bit
registers. Data can be read or written
1, 8, 16, or 32 bits at a time, as a sophis-
ticated program requires. Transfers
from one register to another are not
restricted: no special conditions
inhibit a programmer’s creativity.

VAX, VMS, and RSX are trad
Corporation.

UNIX is a registered trademark of Bell Laboratories.
CP/M is a registered trad k of Digital R h.
NSX-16, ISE/16, and Starplex II are trademarks of National
Semiconductor Corporation.

ks of Digital Equi

The virtuosity of the NS16000
instruction set is clear. It includes over
100 basic instruction types, chosen
on the basis of the use and frequency
of specific instructions in various
applications. Special-case instructions,
which compilers cannot use, have
been avoided.

The instruction set is also symme-
trical: instructions can be used with any
addressing mode, any operand length
(byte, word, and double-word), and can
use any general-purpose register.
Instructions are genuine two-operand
instructions as well.

These factors, combined with the
regularity of the NS16000’s architecture,
mean that programs require signifi-
cantly less code —greater code density, in
fact, then the VAX-11. The simplicity
by which it now becomes possible to
implement a compiler, for example,
is matched only by the increased speed
of its execution.

The NS16000 family provides
the largest number of different
addressing modes ever included
in a microprocessor.

Elegant programming demands that
instructions be as powerful as possible,
and that the range of addresses be
as large as possible. So to be effective,
a powerful instruction set must be
accompanied by a powerful set of modes
of referring to data in registers and
memory.

The NS16000 architecture sup-
ports not only the standard addressing
modes common to most processors
(register, immediate, absolute, and register
relative, for example), it also intro-
duces HLL-oriented modes unique to
microprocessors:

1. Top-of-stack (a simple, very powerful
mode used to evaluate arithmetic
expression in HLL);

2. Scaled Indexing (used to access
elements in byte, word, double-word,
or quad-word arrays);

3. Memory Relative (used for manipu-
lating fields in a record); and,

4. External (used to access data in
separately compiled modules.
Moreover, there are no restrictions

on the use of these addressing modes

—an instruction that operates on data

of a particular kind can use any of

the addressing modes that refer to that

data.

With an architecture that sup-
ports uniform addressing,

the NS16000’s Demand Paged
Virtual Memory strategy makes

a gigantic memory possible at a
minimum cost.

The NS16082 Memory Manage-
ment Unit (MMU), provides dynamic
address translation, virtual memory
management, memory protection, and
both hardware and software debugg-
ing support. Customers now sampling
this MMU are impressed with its
raw power.

The NS16082 breaks the logical
address space into 32,768 pages, each
with a fixed size of 512 bytes. Which
specific 512-byte pages of a program or
data are actually in real memory is a
function of the most recent demands of
the program itself.

This Demand Paged Virtual Memory
operates automatically, and gives
an applications programmer complete
freedom from any consideration of
memory size or allocation strategy. Since
the operating system places part of
the user’s programs and data in peri-
pheral storage and brings them into
real memory only as needed, the user
may regard the combination of real
and peripheral storage as a single, large
memory, and can write large programs
without worrying about the physical
memory limitations of the system.

The power of Demand Paged Virtual
Memory allows any number of sepa-
rate and independent programs or tasks
to execute cooperatively and effi-
ciently in a substantially smaller (real)
memory configuration than needed
by a microprocessor using a segmented
memory management scheme.

And, because it does not limit data
base growth, Demand Paged Virtual
Memory provides for continuing future
data expansion.



Floating point is just one of
the nine data types that the
NS16000 architecture directly

supports.

The NS16081 Floating Point Unit
~ (FPU) offers very high-speed floating-
point operations for both single- and
double-precision operands. A 32-bit
floating-point multiply, for instance,
takes place in 4.8 us at I0MHz.

Designing the NS16081 into a
system will allow programmers to treat
floating-point numbers as any other
data types, and any of the addressing
modes may be used to reference them.
Customers now sampling this FPU
are amazed at its performance.

The optional use of the FPU and
MMU Slave processors—integral parts
of the NS16000's architecture —gives
the systems designer the ability to deter-
mine a price/performance trade-off
while preserving all the initial software
investment.

Evaluation tools are available now.
The DB16000 evaluation board

is a complete microcomputer system.

It carries the NS16032 CPU, the

NS16201 Timing Control Unit, sockets

for the MMU, FPU, and ICU (Inter-

rupt Control Unit), 32K bytes of on-

board RAM, a wide range of both

_ standard and optional I/O interface

devices, and a monitor program in

PROM. To allow interfacing with a variety

of computer systems, a complete pin-

out of CPU addresses and functions for

data and control are also included.

Two BLX connectors enable functional

~ enhancements.

A component evaluation kit (the
NS160KIT) is also available, with com-
plete documentation for each part.

The first products in a line of
development tools—the NSX-16}"
. with a PASCAL compiler, and
the ISE/16™ —are available now.
The NSX-16 software develop-
ment package allows quick and easy
compiling or assembly of NS16000
programs on the VAX-11, using the
VMS™ operating system. The package
includes a PASCAL compiler, assembler,
linker, librarian, symbolic debugger,
and other utilities. Once compiled, pro-
grams can be down-loaded through

a serial data link to the DB16000 for ;
execution. (A NSX-16 hosted on

RSX™-11M, and a C cross-compiler for ; :
VAX will be available by mid-year Elegance is everything.
Before the end of this year, a full

NS16032-based development system,

with a UNIX® operating system and

a choice of either a C or PASCAL com- Talk Wlth us
piler, will also be available.) = r 3 1
The ISE/16 In-System Emulator — ease call the Nationa

the first in a series—is available to sales representative nearest you
ease integration of user software with for more information, and
NS16000 hardware. It runs with the answers to your questions.
the NSX-16 software development pack- Or, circle the number below.

age, and allows real-time emulation S .

of the NS16032 CPU, the NS16201 oee 1t

Timing Control Unit, and the NS16082 The NS16000 microproces-

Memory Management Unit. sor family will be on exhibition
at Electro '83 (look for booth

The availability of third-party S e 4312(), and NCC (look

software for the NS16000 family for booth number D-2022).

is growing day by day.

Suppliers are now working on operat- Read about it.

ing systems (UNIX, for example), -

language compilers (such as PASCAL, {gt{ﬁgﬁg%ooo

C, and COBOL), and software for Architecture

program development (among them,

on CP/M?).

Training classes are in progress now.
Courses lasting from two to five
days—held either at the Microprocessor
Systems Division Training Center, or
on-site —cover “The NS16000 Archi-
tecture, “NSX-16 Software Develop-
ment Support on Starplex [[™ or VAX
and “ISE/16.”

Now you have every reason to
explore elegant applications
using the NS16000 microproces-
sor family —from personal
computers, to graphics systems,
to process control.
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AUTOMATION & CONTROL

SINGLE-BOARD COMPUTERS
MASTER INDUSTRIAL
APPLICATIONS

s the automation and control industries catch up
Hardware and SOftwal'e A with the computer revolution, single-board com-
features as well as

puters are finding use in a wide range of factory
environments. To spur the encroachment of these
microcomputers into territory once dominated by ana-

paCkaglng innovations are log control circuitry and electromagnetic relays, manu-

T facturers are providing the needed hardware, software,

Comblnlng to adapt and packaging features to adapt their computers to
= industrial applications.

S]ng]e-bo al'd computel‘s to Although these features greatly enhance the products’

performance, they also can complicate the designer’s

the factory environment. task if faced with incorporating computer intelligence

into industrial original equipment manufacturer equip-
ment. Judging by the many industries that have already
benefited from computer technology, the designer will
% 5 = 5 have to select one or more single-board computer and
by Rick Nelson, co“t"h"tmg Editor design it into an industrial control system.

A pioneer in furnishing computer control for indus-
trial applications, Xycom (Saline, Mich) has been
designing and installing such single-board computers
for some time. Its 180 + industrial computer line, which
meets such stringent factory environment specifications
as a 65 °C operating temperature range, has been used
in applications ranging from transportation to lumber
processing. For instance, the firm’s microcomputer
controlled data communications products serve in a
train-location monitoring system manufactured by HSQ
Technology (South San Francisco, Calif). Operators use
the system outputs to control San Francisco’s under-
ground mass transit cars. In the lumber industry’s Pope
and Talbot sawmill in Port Gamble, Wash, Xycom 280
series industrial microcomputers are used in a system
that monitors log shape and controls saw operation in a
way that minimizes board production waste.

Further illustrating the range of industrial computer
applications, Xycom'’s products are also used in a distri-
bution warehouse order selection system manufactured
by Rapistan (Grand Rapids, Mich) and in a program-
mable filament winder manufactured by McClean
Anderson (Milwaukee, Wis). Rapistan’s system uses
computer storage of order information and computer
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controlled conveyer tracking. It displays desired quanti-
ties to an operator working at a specific merchandise
storage location when a conveyer-carried container
reaches that location, thus minimizing paperwork and
operator errors. The filament winder allows an operator
to program desired winding parameters; machine setups
can be stored on cassette.

Computers are also serving energy-producing indus-
tries. Inconix (formerly Control Logic) of Natick, Mass
has found its Cinch Pac intelligent automation
controllers used on board oil tankers and in coal-
gasification control. Based on the Intel 8051 micro-
computer, these controllers offer 32 digital and 16
analog input data points with 14-bit analog to digital
(A-D) accuracy. Wintek (Lafayette, Ind) reports that its
6800 microprocessor based single-board computers and
control systems are used in robot control, engine
testing, satellite communication, grain drying, artificial
limb control, and brain wave analysis.

Yet another application promises to spread the use of
computers throughout virtually all industries. Driven by
energy shortages, Pacific Gas and Electric is instituting
a group-load-curtailment plan that involves monitoring
load conditions and signaling users to disconnect
noncritical loads during peak demand situations; the
program covers commercial and industrial users in
downtown San Francisco. HSQ Technology’s group-
load-curtailment system, built around two PDP-11/24s
from Digital Equipment Corp (Maynard, Mass), uses
Xycom Z80A based model 1861A intelligent serial com-
munications modules to scan load data and transmit
load-shedding requests.

Selection is difficult

Unfortunately, the task of finding the optimum product
for a particular system is complicated. There are often
no right or wrong single-board computer choices for a
specific industrial control task. The very flexibility that

COMPUTER DESIGN/April 21, 1983

49



makes microprocessor technology attractive in indus-
trial applications implies that almost any microcomputer
board can be adapted to almost any application.

Industrial applications, which typically involve real-
time environments, are generally best served by com-
puters that excel in input/output (I/0) capability and
interrupt handling. Data processing applications, typi-
cally memory intensive, require processors that are able
to handle memory management chores. Because many
processors perform well in all these areas, the selection
procedure cannot rule out manufacturers who do not
specifically tout in product literature their computers’
industrial control suitability. Subtle trade-offs involving
cost, power consumption, software support, architec-
ture, and packaging constraints must be carefully
weighed.

Moreover, a single-board computer might not be the
best solution; perhaps, a desktop computer with
extended 1/0 capability would serve better. (See, for
example, ‘‘Analog 170 Board Brings Personal Com-
puters into the Plant,”’ pp 101-106 of this issue, which
describes the use of Data Translation’s DT2801 I/0 board
in the IBM Personal Computer.) Perhaps, multi-
processor requirements may dictate dedicated computer
board design, a step taken by International Robomation/
Intelligence (Carlsbad, Calif) in its development of a
standalone robot that does not require connection to a
host computer. (See ‘‘A Single-Board Approach to
Robotic Intelligence,”” Computer Design, Nov 1982,
pp 193 - 201). This approach was also taken by Cincin-
nati Milacron’s Robot Division (Lebanon, Ohio) in
developing its line of electric-motor driven industrial
robots, which includes two Intel 8086 16-bit micro-
processors, six 8085 8-bit microprocessors, and one 8048
8-bit microcontroller, a combination that allows
operators to program sequential movements through as
many as 3000 points in 3-dimensional space (see Solu-
tions, Nov/Dec 1982, Intel Corp, p 2).

For most applications, however, the low cost and
compact size compared with desktop units, and the
design simplicity compared with developing special
boards, make single-board computers the best choice.
Although not a comprehensive listing, the single-board

Xycom’s model 1860+ contains a Zilog Z80A processor and
operates in a 0 to 65 °C ambient temperature range to suit
industrial applications.
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computers discussed here represent available perfor-
mance levels and feature combinations. A knowledge of
their capabilities provides a solid background for
informed evaluation of competitive models.

Architectural considerations

When selecting a single-board computer, the designer
will likely consider architecture first; the right choice in
this area can reduce the system’s total board count and,
thus, its size and cost. For example, selecting a single-
board computer with onboard data converters, random
access memory (RAM), and programmable read only
memory (PROM) for systems requiring such features can

This cpU board from Comark contains a 5-MHz 8085A
processor, 4K bytes of RAM, and up to 16K bytes of EPROM.
It fits into a manufacturer’s oil-, water-, and dust-protected
enclosure that also houses a CRT and membrane keyboard.

eliminate the need for external data acquisition and
memory boards. But, in addition to finding a board
with most of the needed onboard functions, the designer
will also want to be sure that the board can mate with a
standard bus in order to readily suit system expansion.

An example of a board with these capabilities is the
iSBC 88/40 from Intel Corp (Hillsboro, Ore). Aimed at
process control and data acquisition applications, this
12" x 6.75"” (30- x 17.15-cm) board can monitor 16 dif-
ferential or 32 single-ended analog input signals and has
24-channel digital 1/0 capability. Using a proportional,
integral, derivative algorithm, it can concurrently pro-
cess and update 16 control loops in less than 200 ms.

The board is compatible with Intel’s Multibus to
allow it to work with memory expansion or mass storage
controller boards; the Multibus capability allows it to
serve as a master, slave, or standalone processor,
depending on the application. Moreover, the board has
an internal bus that permits communication among the
onboard devices. Those devices include an iAPX 88/10
processor, a 12-bit A-D converter, an 8253 programmable
interval timer (which contains three independent 16-bit
counters), and PROMs that users can plug into the
board’s four 28-pin sockets. The sockets accept 2732 or
2764 devices, thus permitting up to 32K bytes of onboard
firmware; for nonvolatile data storage, they also accept
Intel 2816 electrically erasable PROMs (EEPROMS).

An onboard dc/dc converter operating under pro-
gram control furnishes the necessary 21-V, 10-ms wide



To facilitate the design of systems based on its
manufacturer’s line of single-board computers, this expander
board from Omnibyte includes 35 in2 of prototyping area
and four 24-bit programmable timers.

EEPROM programming pulse, thus allowing dynamic
alteration of control loop setpoints. A 1K-byte dual-
port RAM is accessible via either the Multibus or the
internal bus; an additional 3K bytes of RAM (called
private RAM) are accessible only via the internal bus.

In addition to its Multibus expansion capabilities, the
iSBC 88/40 can be expanded via three onboard iSBX
Multimodule connectors. Multimodule options include
a numeric data processor that handles floating point
arithmetic, an additional 4K bytes of private RAM, and
four more 28-pin PROM sockets.

Since interrupt capability is important in industrial
applications, the iSBC 88/40 handles nine vectored inter-
rupt levels. The highest level is nonmaskable; an
onboard 8259A programmable interrupt controller pro-
vides vectoring for the other levels. Interrupt priorities
are software programmable by storing a single byte in
the 8259A’s interrupt mask register. Interrupts can be
furnished over the Multibus or the Multimodule connec-
tors or by the onboard timers. To enable the system to
deal with fluctuating power conditions common in some
industrial and process control environments, the
iSBC 88740 includes power failure control logic that can
accept an ac-low interrupt signal from an Intel iCS 645
power supply.

Many other manufacturers have also chosen the
Multibus concept for their single-board computers.
Among them are Digital Microsystems Inc (Oakland,
Calif) with its Z80 based DSC4, and Central Data Corp
(Mountain View, Calif) with a Z8000 microprocessor
based board. (Digital Microsystems’ DSC-3, however,
uses a proprietary bus.) Also, Zendex Corp (Dublin,
Calif) offers the ZX86 microcomputer board, which uses
an 8086-2 microprocessor and offers a choice of 5-, 8-, or
10-MHz clock frequencies.

In Canada, Matrox Electronic Systems, Ltd
(Montreal, Quebec) has the Z80A based zZBC-80 and the
MBC-86/12, both Multibus compatible. The latter uses an
8086 microprocessor and includes 128K bytes of dual-
ported RAM and 32K bytes of ROM/EPROM. It is fully

software compatible with, and essentially an enhanced
version of, Intel’s iSBC-86/12 microcomputer.

Of course, other architectures are used by many
manufacturers. For instance, Rockwell International’s
Electronic Devices Div (Anaheim, Calif) has the AIM 65/40
family of board-level devices. The series 1000 version in
this family features system address expansion up to
131K bytes, with up to 65K bytes of onboard memory
(up to 48K bytes RAM and up to 32K bytes of ROM or
EPROM). I/0 capability provides an RS-232-C asyn-
chronous interface with programmable data rates up to
19,200 bps plus a 20-mA current loop interface. Soft-
ware compatibility to this family is also maintained on
the model 6500 from Cubit Inc (Mountain View, Calif).
This 4.5” x 6.5” (11.4- x 16.5-cm) board has up to 4K
bytes of onboard RAM and 2K to 20K bytes of ROM,
with 72 parallel 1/0 lines.

Still another company, Forward Technology Inc
(Santa Clara, Calif), uses a 68000 microprocessor. Its
FT-68M has 128K to 256K bytes of RAM and 8K to
32K bytes of ROM. The basic version has a 16-MHz
clock, while a second model has a 19.66-MHz clock.

Multibus CMOS computers
For the designer who wants the noise immunity and low
power consumption advantages of complementary metal
oxide semiconductor (CMOS) but also wants to take
advantage of the multivendor support enjoyed by Multi-
bus, the single-board computers and peripherals from
Diversified Technology Inc (Ridgeland, Miss) are claimed
to be the only CMOS boards for the Multibus. These
computer boards are based on the NSC800 CMOS micro-
processor manufactured by National Semiconductor
(Santa Clara, Calif). The device uses the Zilog (Cuper-
tino, Calif) z80 microprocessor architecture and instruc-
tion set but dissipates only 5% of the power required by
the Z80. Onboard timers stop the processor during idle
periods and restart it when necessary, thus saving addi-
tional power when the processor is not in use by elimi-
nating the switching losses inherent in CMOS chips when
they are clocked.

Use of the NSc800 allows Diversified Technology’s
CBC 800 series computers to typically draw only 110 mA
at 5 Vand 5.6 mA at +12 V. The boards accept 4K, 8K,

Based on Motorola’s 68000 microprocessor, Omnibyte’s
Multibus compatible model 0B68k1A has 32K or 128K bytes
of dual-ported RAM and can accept 96K bytes of EPROM.
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or 16K bytes of static CMOS RAM and up to 32K bytes of
ROM or PROM. Other features include 44 programmable
170 lines with sockets for interchangeable line drivers
and terminators, an asynchronous communications
interface with RS-232-C drivers and receivers, 12 levels of
prioritized vectored interrupts (11 are maskable), 4
general purpose programmable timer/counters, and a
program controlled processor sleep/wake-up mode.
Multibus interfacing signals are CMOS compatible on
standard boards; transistor-transistor logic compatibility
is optional.

Diversified Technology peripheral boards, all Multi-
bus compatible with the CBC 800 computers, include a

Miller Technology’s model MCPU-800 includes a 4-MHz 780
processor and can interface to the sTD bus.

line of analog 170 boards, RAM expansion boards, and a
floppy disk controller. The CBC 8730 analog 170 boards
use CMOS devices and typically dissipate only 1.2 W.
They handle as many as 32 single-ended or 16 differen-
tial input channels with 12-bit integrating CMOS A-D con-
verters and can furnish two analog outputs via two
12-bit cMoOS digital to analog converters. Optional fea-
tures include true root mean square to dc conversion.
The CBC 256 series memory expansion boards furnish
16K to 256K bytes of RAM; 256K-byte versions dissipate
only 250 mW and include onboard NiCd batteries for
3000-h backup. Lithium batteries furnish up to six years
of backup. Series CBC 8100 memory 1/0 expansion boards
accept up to 64K bytes of mixed RAM and EPROM and
feature 22 programmable 1/0 lines, 2 asynchronous
communications interfaces, 10 interrupt request lines,
and 2 general purpose counter/timers. Finally, the
CBC 8204 disk controller board handles most Shugart
compatible single- and double-density drives and con-
trols as many as four standard (8 ”) or minifloppy (5% ")
drives.

cmos simplifies packaging

The low power consumption of CMOS computers can
significantly simplify system packaging, a major consid-
eration in designing computers into industrial products.
Moreover, CMOS can ease system power supply design.
To demonstrate CMOS’s benefits in both these areas,
Diversified Technology conducted a study to determine
the cost of packaging systems—implemented in
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N-channel MOS TTL and CMOS technologies and pack-
aged in NEMA 12 cabinets—and of furnishing 6-h backup
capability. The NEMA 12 cabinets, 20" x 24" x 6" (51 x
61 x 15 cm), are designated by the National Electrical
Manufacturers’ Association as sealed, dust-tight
enclosures.

The system used for the comparison is an industrial
remote terminal unit composed of a CPU card, a
32K-byte RAM card, and a 12-bit analog 1/0 card.
Although the CMOS computer hardware is more expen-
sive than the standard implementation ($3473 versus
$2655, respectively), the latter results in a 38 °C case
temperature rise and thus requires a heat pump. The
total price of the enclosed systems is therefore $3528 for
the CMOS version versus $4065 for the non-CMOS imple-
mentation. Moreover, backing up the standard system
requires use of an ac line uninterruptible power supply
(UPS) system; the CMOS system needs only a dc UPS unit,
resulting in a $3836 CMOS system price versus $5485 for
the standard implementation.

Though incorporating CMOS based boards into sealed
enclosures might be the most elegant solution to the
packaging constraints often imposed by harsh industrial
environments, other options are available. For example,
Comark (Waltham, Mass) offers its MB 85 I Multibus
compatible industrial computer, which incorporates
that firm’s MC 85 single-board computer, an 8-slot
Multibus card cage, 80- x 24-character video display
(with reverse video, blink, and underline attributes),
and an ASCII coded membrane keyboard or hexadecimal
keypad in an oil-, water-, and dust-protected enclosure.

A heat exchanger can dissipate more than 200 W to
keep internal temperature at an acceptable level. A
temperature signal that can be configured as a processor
interrupt indicates when case temperature reaches 115 °F
(46 °C); a second thermostat cuts system power if case
temperature exceeds 125 °F (51.7 °C). The unit’s stan-
dard configuration is free standing (on rubber feet);
options include provision for 19” (48-cm) rack
mounting, wall mounting, and hanging from an over-
head structure.

The MC 85 computer includes an 8085A 5-MHz CPU, 48
programmable 170 ports, 4K bytes of RAM, up to 16K
bytes of EPROM, 12 vectored interrupts, 3 program-
mable timers, a ROM based monitor program, and dual-
ported memory-mapped display RAM. The MB 85 I
system’s mean time to repair is 10 min; mean time
between failures is 12,500 h. Options include a 5%"”
floppy disk drive; 64K bytes of dynamic RAM; 16K or
32K bytes of non-CMOS static RAM; 8K, 16K, or 32K
bytes of CMOS static RAM; battery backup; a column
printer; and communications and data conversion
boards.

National Semiconductor uses its CMOS NSC800 8-bit
microprocessor in its Series/800 microcomputers.
Designed on 3.9” x 6.3"” (9.9- x 16.0-cm) Eurocard for-
mat boards, the microcomputers use the Z80 instruction
set and handle 158 instructions. Onset Computer Corp
(formerly Synapse) of North Falmouth, Mass also bases
its CMOS CPU-800 on the NSC800 microprocessor. This
board executes the Z80 instruction set and has 1K bytes
of RAM with 22 1/0 lines. The company’s CMOS CPU-6805
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offers eight digital 170 lines and eight analog inputs and
is based on the 146805E2 microprocessor.

Software considerations

The product discussions thus far have concentrated on
architecture, packaging, and power consumption.
Equally important is available product software sup-
port. Many of these products can run both standard
software, such as the CP/M 2.2 operating system, and
languages such as Forth that are suited to industrial
applications.

Diversified Technology’s CBC 800 single-board com-
puters, for example, run both CP/M and Forth 79. CP/M
permits access to a variety of prepackaged software, and
Forth, originally written for realtime process control
applications, allows the computers to achieve necessary
operating speeds by conveniently including assembly
language routines for time critical operations. (See
““Call Forth for Realtime Control Programming,”’
pp 81-84 of this issue, for Texas Instruments’ discus-
sion of this subject.)

CBC 800 computers also run Diversified Technology’s
10S-4 operating system, which supports both Forth and a
macro assembler, thereby allowing users to conveniently
develop programs optimized for runtime performance.
Compile and assembly are completed on a line by line
basis to facilitate interactive debugging. Furnishing an
alternative to an expensive development system, 10S-4
permits compacted object code to be compiled to a disk
in suitable form for transmission to PROM programmers
using a ROM compiler.

Although languages such as Forth specifically suit
industrial process control tasks, standard languages are
often used in industrial applications. Xycom, for
example, offers its 1872+ industrial BASIC module,
which consists of a CMOS memory module with an
industrial BASIC interpreter in EPROM and 14K bytes of
user memory.

To support process control applications, Xycom’s
industrial BASIC, which runs on that firm’s z80 based
180+ series microcomputer boards, includes several
enhancements to standard BASIC. For instance, the

Matrix Corp’s model 7911/SP9 single-board computer is based
on Motorola’s 6809 microprocessor and is STD bus
compatible.
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industrial BASIC permits data transfer to and from time
of day and analog and digital 170 modules. Further-
more, an industrial BASIC program can include as many
as 10 assembly language routines to speed program exe-
cution. In addition, industrial BASIC permits creation of
user defined functions, and subroutine nesting is limited
only by available stack space. The language permits
four types of maskable interrupts: absolute time of
week, backplane, keyboard, and periodic. Interrupt
occurrence causes program execution to branch to a spe-
cific interrupt service routine; after interrupt servicing,
control automatically returns to the main program.

Other single-board computer software support comes
from firms such as Monolithic Systems Corp (Engle-
wood, Colo) which offers its MSOS (monolithic systems
operating system), a PROM-resident operating system
for the company’s line of Multibus compatible Z80A
based single-board computers. The PROM residence
combines with a proprietary file structure to ensure pro-
gram security. MSOS subroutines are readily accessible
to user application programs. The operating system
simplifies user access to character oriented and file
oriented devices and places no limit on the number of
I7/0 handlers it can contain. In addition to MSOS, the
manufacturer offers versions of CP/M and MP/M oper-
ating systems. Typical features of the Monolithic
Systems single-board computers include 64K bytes of
dynamic or 8K bytes of static RAM, provision for 32K
bytes of EPROM, as many as 48 programmable parallel
170 lines, and an 8-level vectored priority interrupt
structure.

While Xycom, Diversified Technology, and Mono-
lithic Systems furnish their own operating system or
high level language versions, some single-board com-
puter manufacturers rely, at least to some extent, on
outside software suppliers. Omnibyte (West Chicago,
Ill), for example, uses software suppliers such as Forth,
Inc (Hermosa Beach, Calif), Industrial Programming,
Inc (Jericho, NY), and Hunter & Ready (Palo Alto,
Calif) to support its products. These products include
the OB6000 and the 16-bit OB68K1A Multibus compatible
single-board computers, the first based on the 6808 and
the other on the 68000 microprocessors, both from
Motorola Semiconductor Products (Austin, Tex). The
0B6000 includes 10 interrupt levels (9 maskable), 9K
bytes of static RAM (expandable to 15K bytes), up to
16K bytes of EPROM, and three 16-bit counter/timers.
Three MC6821 peripheral interface adapters furnish 60
bits of binary 1/0. The OB68K1A features 32K or 128K
bytes of dual-ported RAM, direct addressing to 16M
bytes, up to 96K bytes of EPROM, two RS-232 ports, two
16-bit parallel ports, and one 16-bit triple counter/
timer. Software support for Omnibyte products
includes Forth’s 16-bit polyForth (available in ROM for
single-board computer applications), Industrial Pro-
gramming’s MTOS-68KF, and Hunter & Ready’s
VRTX/68000.

MTOS-68KF, a realtime multi-user/multitasking/
multiprocessor operating system on a chip, resides in
16K bytes of EPROM. It accommodates 2048 tasks and
includes a priority scheduling algorithm that allows
users to assign dynamically modifiable priorities
ranging from O through 255. Other features include
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interrupt controlled 170, dynamic memory allocation
that allows 32 memory pools, an onboard monitor, a
dynamic debugger that can be removed from produc-
tion versions, and high level language interface to
Pascal and C. The operating system can handle as many
as 16 processors on a common bus.

Hunter & Ready’s VRTX is also software on a chip.
More compact than MTOS-68KF, it consists of a 4K-byte
nucleus supplied in PROM. It supports interrupt driven
task scheduling (and handles as many as 256 tasks at 256
priority levels), intertask communication and synchro-
nization, dynamic memory allocation, realtime clock
support, and character 1/0.

Bus choices

Many of the products discussed thus far have furnished
Multibus compatibility, a popular choice for industrial
control environments. But other buses, too, can serve
those environments. Digital Equipment Corp, for
example, offers its LSI-11 bus configuration and
supports it with single-board computers such as its
recently introduced model SBC-11/21, which contains a
40-pin PDP-11 microprocessor that executes the PDP-11
base level instruction set. This board has 4K bytes of
RAM and four 28-pin PROM sockets. Other features
include two asynchronous serial 170 ports that operate
at 300 to 38.4k bps, a 24-line parallel 170 port, two 8-bit
data ports, one 8-bit control port, and a realtime clock.

Another popular bus for industrial applications is the
STD bus from Pro-Log. This firm (located in Monterey,
Calif) has just introduced its model 7806 Z80 based STD
bus single-board computer. It accepts four 28-pin
PROMs and has two RS-232 channels and four
counter/timers.

Other Pro-Log offerings include single-board com-
puters not structured around a particular bus. These
products, models PLS 858, 868, and 898, are based on 8085,
Z80, and 6800 microprocessors, respectively. They can
accept 2K bytes of RAM and 8K bytes of EPROM and
have three 8-bit output ports and two 8-bit input ports.
The firm’s ABL-1 development system can help in
writing application programs for the boards; Forth and
an industrial BASIC for the boards are offered by inde-
pendent suppliers.

Jib Ray (Santa Barbara, Calif), for example, supplies
a Forth monitor, in four 2716 EPROMs, that runs on a
Pro-Log 7803 processor card, and Mark Williams Co
(Chicago, Ill) offers a ROMable XYBASIC that runs on
the Pro-Log STD computer. This language, tailored to
measurement and control applications, includes an
enable function that permits simultaneous program exe-
cution and monitoring of external devices; before exe-
cuting each program step, this function checks external
conditions. XYBASIC also has a delay command that can
build realtime delays into programs without requiring a
realtime system clock. Other features include PEAK and
POKE commands and several assembly language-like bit
manipulation commands, including ROTATE, SHIFT,
TEST, and SENSE.

Other manufacturers of STD bus compatible single-
board computers include Datricon (Lake Oswego, Ore),
Matrix Corp (Raleigh, NC), Miller Technology (Los
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Gatos, Calif), and Ziatech (San Luis Obispo, Calif).
Datricon, for example, offers its model ACS 09 STD bus
single-board computer based on the Motorola 6809
microprocessor. The board accepts up to 40K bytes of
memory and includes RS-232 and RS-422 signal drivers; it
runs its manufacturer’s D-Forth language.

Matrix Corp also offers a 6809 based STD bus com-
puter. Its model 7911/SP9 comes with 2K bytes of RAM;
four 28-pin sockets accept up to 32K bytes of RAM,
ROM, and EPROM. In addition, the firm offers its model
7911/SP80, a Z80A based STD bus computer with a similar

i

A family of single-board computers from Ziatech uses
Intel’s 16-bit 8088 microprocessor and plugs into the STD bus
originally designed by Pro-Log for 8-bit computers.

memory configuration. Both models include RS-232-C
line drivers and receivers, modem control lines, memory
mapping, and 128K-byte address space.

Also compatible with the STD bus, Miller
Technology’s model MCPU-800 single-board computer
uses a 4-MHz Zz80 microprocessor and comes with
32K bytes of ROM, 64K bytes of RAM, 32 parallel 1/0 lines,
a programmable serial port, and /0 expansion and
memory mapping capability. The board can run CP/M
and 2K- and 8K-byte BASICs. The 2K BASIC, available in
ROM, serves as a compact solution for control applica-
tions not requiring floating point arithmetic. It permits
26 variables (A through Z) and operates on integers
within a —32767 to 32767 range. The 8K BASIC,
available in four 2K-byte ROMs, is a full-function BASIC
interpreter.

Ziatech brings 16-bit performance to the STD bus with
its 8088 family of single-board computers, which employ
Intel’s 8088 16-bit microprocessor. That device allows
8800 series boards to operate at 5 or 8 MHz and to directly
address 1M byte of memory and to run iRMX 86 and
CP/M 86 operating systems. To help in writing applica-
tion programs for Ziatech’s products, Micro/Sys (La
Canada, Calif) offers a CP/M 86 development system
built around 8800 series boards, and RTCS (Camarillo,
Calif) offers software that allows Intel iRMX 86 develop-
ment packages to run on the IBM Personal Computer.

Building block approach

Not all manufacturers accept the approach of including
a lot of functions on one board. For example, RCA
(Somerville, NJ) offers its Microboard series of 4.5”x 7.5"
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Bubbl-tec’s BBC-128 Multibus compatible computer contains
an onboard 128K-byte bubble memory expandable to 8M
bytes.

(11.4- x 19-cm) boards; each board essentially handles
one function (such as processing, memory, data conver-
sion, or 1/0) and plugs into the firm’s 44-pin univer-
sal backplane. Each computer board in the series contains
an RCA Cosmac CMOS CPU, a crystal controlled clock,
1K to 4K bytes of RAM, and sockets that can hold 1K to
8K bytes of user supplied ROM. Microboard memory
boards can accept 4K, 8K, or 16K bytes of CMOS static
RAM, 8K bytes of CMOS static RAM with battery backup,
and 4K, 8K, 16K, 32K, or 64K bytes of CMOS or stan-
dard ROM or EPROM.

Other Microboards handle control and display func-
tions (via onboard switches and light emitting diode
status indicators), digital 170, data conversion (at 8- or
12-bit resolution), and video/audio/keyboard inter-
facing. (One board includes a universal asynchronous/
receiver/transmitter to furnish RS-232-C compatibility;
others include general purpose 8-bit 1/0 ports, some
with optical isolation.)

For mass storage, one Microboard with provision for
up to 24K bytes of EPROM or ROM includes two tape 1/0
channels that interface to an audio-cassette drive at
700 bps. In addition, a floppy disk controller Micro-
board supports as many as four Sony OA-D30V 34"
floppy disk drives. Each drive can store 322k bytes at a
500k-bps data transfer rate; RCA’s model MSIM50 con-
sists of two such drives mounted in an industrial chassis.
The MSIMS0 consumes only 15 W and can derive its
power from the universal backplane. Other Micro-
boards include direct connect modems, featuring
automatic or manual dialing and answering, that can
transfer data over the switched direct distance dialing
network at 300 or 1200 bps. Microboard software
options include fixed point binary and floating point
arithmetic packages and a BASIC interpreter/compiler.

Other examples of major multiple-board systems are
offered by Data General Corp (Westboro, Mass) and
Hewlett-Packard (Cupertino, Calif). Data General’s
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16-bit S/20 system places the power of a full Eclipse on
two 7” x 9” (18- x 23-cm) boards. The CPU is a micro
Eclipse chip. Hewlett-Packard’s A600 handles up to 4M
bytes of main memory and up to 200M bytes of mass
storage. This 2-board system uses four Schottky bipolar
bit slice microprocessors and processes more than 1M
instruction/s. It is horizontally microprogrammed with
a 56-bit microword format and is based on the RTE-A.1
operating system.

Additionally, Bubbl-tec (Dublin, Calif) has concen-
trated on onboard mass storage rather than on data con-
version capabilities such as those on Intel’s iSBC 88/40.
Bubbl-tec’s model BBC-128 single-board computer con-
tains 128K bytes of onboard bubble memory, expand-
able to 8M bytes. It thus offers high reliability in hostile
industrial environments by eliminating the need for elec-
tromagnetic storage devices.

An onboard ‘‘shadow’’ ROM implements a bubble
interface protocol to facilitate transfer of block orga-
nized data to and from bubble memory; reading a spe-
cific block simply requires a READ command followed
by the block number. There is no need for the system
programmer to become involved in the bit level com-
plexities involved in controlling the bubble device. The
shadow ROM includes diagnostic and power-up boot-
strap routines as well as error detection and correction
algorithms used on transfers between main and bubble
memory. Operating systems such as CP/M can be used,
and Forth is available to handle the multitasking
requirements often found in industrial process control
applications.

The board’s 64K-byte user memory space can be allo-
cated among any combination of 24- or 28-pin 1K-, 2K-,
4K-, or 8K-byte RAM, ROM, or EPROM devices. Other
BBC-128 features include two synchronous/asynchronous
serial 170 ports wth modem control lines, two 8-bit
bidirectional parallel 170 ports with handshake lines,
four counter/timer channels, Multibus bus arbitration
logic, and a maskable, vectored-priority interrupt
structure.

A myriad of choices

The hardware and software products discussed here
illustrate the range of available features from which the
designer must choose when selecting computers for
industrial applications. However, they only scratch the
surface of available offerings. Manufacturers offer a
seemingly endless number of single-board computer
hardware and software products configured around a
variety of processors and bus structures.

Please rate the value of this article to you by
circling the appropriate number in the ‘‘Editorial
Score Box’’ on the Inquiry Card.

High 704

Average 705 Low 706

Illustration on p 49 is an artist’s rendition of a robot arm with
microcomputer board in place. Courtesy International
Robomation/Intelligence.
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Hearing about new semiconductor devices is always
nice. But getting your hands on one usually isn't. So while
some companies go on bragging, we go on building.

The result is technology that works. Not just on paper.
But in your socket. Because when we formally announce a
product, we know we can build it in quantity.

Of course, quantity is nothing without quality. And that's
where we've built our reputation. The proof is in our parts.

First you get wide operating margins. The widest in
the industry. When we design a new part, we design it for one
set of specs. Then we test it only to those specs. If it doesn't
meet them, we dump it. There’s no “bell curve” for perfor-
mance. And no binning. That's why all our parts — memories
and microprocessors — are so perfectly compatible with
competitive devices. The margins are designed in, then built in.

Then there's manufacturing. We do things a little
differently here, too. Our production people are dedicated to
one product or family, eliminating extra handling. And our
plants are the most highly automated in the business.

Finally, there’s Quality Assurance. We have more people
dedicated to quality assurance than most manufacturers.
And we use some of the most exhaustive test and inspection
methods — starting at the design stage and continuing
through process evaluation, production and final assembly.
By the time a new part leaves the line, it's been tested
hundreds of times.

What's it mean to you? Plenty. When we say our 10K
ECL RAM runs at 7 nsec, it runs at 7 nsec or better. Period. So
when you get a device from FMI— even when it's at the very
edge of technology — you know it's going to work.

If you'd like to know more about how we make tech-
nology work, write for our detailed Quality Brochure. Or call
your nearest FMI sales office.

You'll see why some of the world's leading companies
are putting our technology to work.
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FMI Sales Offices
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« Dallas 214/669-1616 « New York 516/273-6660
» Northern California 408/866-5600;
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Today, the Columbia MPC takes
on hundreds of IBM-PC compatible
software programs and IBM-PC add-
ons or peripherals.

What'’s more, six other
Columbia-supported operating
systems are available — CP/M-80;
CP/M-86; Concurrent CP/M-86;
MP/M-86" (OASIS-16® and XENIX*
available soon) — stretching the
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bility beyond any other personal
computer.
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an Intecolor 2405 single evalua-
tion unit at the 100-piece price
of $995 (U.S. domestic only).
You get the advantage of vector
graphics on an 80 column by 24
line screen, without sacrificing
the most important capabilities
you want from a VT100 terminal.
Plus, the 2405'’s vibrant color
conveys more information, more
quickly and with greater compre-
hension than monochrome.

ANSI X3.64 system compati-
bility. The 2405 is the ideal
replacement or add-on terminal.
Highly compatible with VT100
and numerous other ANSI X3.64
terminals, the 2405 is easily inte-
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codes and aVT52 mode.

With all the features you need.
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ground colors. Terminal based
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ory. Two full pages of screen RAM.

In-line CRT. Auto degaussing.
Powerful, 6 MHz 8085 micropro-
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through May 31, 1983. After that,
our regular single-piece price of
$1195 goes into effect. So act
now. Take full advantage of the
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bility of the Intecolor 2405 —at
the 100-piece price. Once you

do, we're confident that you'll
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growing number of OEMs and
users who are making it dramat-
ically clear that, “The future
belongs to color!”

For the name of the distributor
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area, or for complete specs, ask
about our $995 special:
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AN INTELLIGENT SYSTEMS COMPANY
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AUTOMATION & CONTROL

PROSPECTS FOR EXPERT
SYSTEMS IN CAD

by Mark J. Stefik and Johan de Kleer

new breed of computer systems—expert systems—
A is now emerging from artificial intelligence research

and is being used in applications normally thought
to require human specialists for their solution. For
example, expert systems have been used to solve prob-
lems such as equipment diagnosis, medical diagnosis and
therapy, experiment planning in genetics, and computer
configuration—problems that do not yield to numerical
or statistical techniques. Expert systems gain their power
by the use of ‘‘expert knowledge,’’ recorded in a knowl-
edge base, which enables programs to mimic the reasoning
of human experts.

Mark J. Stefik is a member of the research staff at
Xerox Corp, Palo Alto Research Center, 3333 Coyote
Hill Rd, Palo Alto, CA 94304. Dr Stefik works in the
Knowledge Systems Area. He has a PhD in computer
science from Stanford University.

Johan de Kleer is a member of the research staff at
the Xerox Palo Alto Research Center’s Cognitive and
Instructional Sciences Group. Dr de Kleer has a PhD
Jfrom the Massachusetts Institute of Technology’s
Artificial Intelligence Laboratory.

Although widespread
use of expert systems
in solving complex
CAD problems is
several years away,
artificial intelligence
concepts are being
applied in experi-
mental systems for
tomorrow’s knowl-
edge based design

assistance.

In applying expert systems to design tasks, the idea is
to pit knowledge against complexity, using expert
knowledge to whittle complexity down to a manageable
scale. Expert systems will eventually be applied in many
design areas, but an important example is their use in
digital system design, particularly in computer aided
design (CAD).

Although there are no expert systems commercially
available for electronic system design as yet, work is
proceeding at several research centers. For instance,
computer scientists at Digital Equipment Corp (DEC) are
developing expert systems for several applications,
including digital design. One example is an experimental
expert system for determining transistor size in inte-
grated circuits, given circuit parameters such as load and
capacitance. In conjunction with researchers at Carnegie-
Mellon University in 1978, DEC began activity on expert
systems to develop a knowledge based program called
XCON for configuring VAX-11/780s. This program is now
used to configure every VAX that is shipped.

For more than a decade, the Heuristic Programming
Project at Stanford University has pioneered and devel-
oped expert systems. Eurisko is an artificial intelligence
(AI) program used to search for mathematical concepts
and configure naval fleets in competition games.
Recently, Eurisko was used to search for useful

COMPUTER DESIGN/April 21, 1983

65



microcircuit structures made possible by multilayer
fabrication technology (Fig 1). The program has
discovered several novel devices.

Researchers at the Massachusetts Institute of Tech-
nology Artificial Intelligence Laboratory have been
creating and experimenting with engineering AI pro-

N-DOPED
TILE

provides a programming framework, including a knowl-
edge representation language. The knowledge engineer
interviews the expert as he solves the sample problems
and helps him to articulate the knowledge he is using.
Together they define the scope of the expert system and
enter the expert’s knowledge into a knowledge base,
often in terms of if-then rules. The resulting program is
given hypothetical tasks. Differences between the
expert’s results and the program are identified, and the
knowledge base is updated.

Developing an expert system generally takes several
man-years. For a project to succeed, the expert and the
knowledge engineer must become familiar with each
other’s field. During this process, a body of knowledge is
articulated and formalized. Often the necessary formali-
zation of knowledge leads to a crisper and deeper under-

Fig 1 Tlustration of a microcircuit device discovered by
Eurisko. This device can be used to simultaneously compute
NAND and OR. The device handles silicon volume efficiently
since it can be packed in the plane and vertically. Eurisko
uses a technique called heuristic search to generate plausible
devices and find the interesting ones.

grams for many years. Two examples are the EL and SYN
programs that help a designer analyze and synthesize
analog circuits. Key to these systems is the idea that the
possible values for parameters describing circuits are
represented and manipulated in terms of constraints.
Fig 2 shows an example of the kind of problem that EL
can solve.

At Xerox Palo Alto Research Center and Stanford
University, researchers are developing a prototype
expert system called Palladio. The key idea is that
designers should design not only circuits, but also
knowledge. Knowledge in Palladio is expressed in a
knowledge representation language called Loops (see
Fig 3). Using Palladio, a designer will interact with
previously designed circuit fragments and rules taken
from knowledge bases. While working on an individual
design, a designer can discover gaps and errors in the
knowledge base by applying it to his own design. The
designer can create personal versions and modifications
to the knowledge bases, which can later be incorporated.
Palladio is intended to foster experimentation with
design methodologies.

Related work is proposed or underway at the Japanese
5th Generation Computer Project, the Institute for
Information Sciences, Lincoln Labs, and Symbolics.

The technology

One method for developing an expert system involves a
collaboration between a specialist (the experf) and a
computer scientist (the knowledge engineer). The expert
provides sample problems and the knowledge engineer
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Fig 2 A simplified example that can be solved by EL
‘‘Before analysis’’ (a) shows an electrical circuit whose
components are known, but whose voltages and currents
need to be analyzed. Analysis begins by assigning the symbol
e to the unknown voltage at the upper right corner of the
ladder. Other values are derived by stepwise application of
Ohm’s and Kirchoff’s laws to produce the ‘‘after analysis’’
diagram (b).

standing by the expert of his field. Sometimes the
formalization leads to knowledge and methods of
reasoning that have not been used previously.

Although this depiction of an expert system’s con-
struction and organization is oversimplified, it illustrates
the kinds of issues the expert system builder must face
and the technology that must be applied. The knowledge
engineer’s task is to encode the expert’s knowledge to be
effectively used by a computer. This task is difficult
because the expert is rarely articulate about the knowl-
edge. Such difficulties are addressed by expert systems
technology.

Debugging a knowledge base provides a vehicle for
formalizing an expert’s often tacit knowledge. Through-
out expert system development, the knowledge at certain
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{ Priority< High }
IF wire:type='GND Known(VDD:direction)
THEN wire:directioneVDD:direction;

{Prioritye'Moderate}
IF wire:length > longSize
THEN wire:levele'Metal;

IF wire: type='VDD
THEN wire:levele'Metal;

IF wire:length << longSize wire:type='Control
THEN wire:levele'Poly;

Fig 3 Example of a set of rules expressed in the Loops
language. Rules like these can provide heuristics for assigning
directions and levels to ‘‘wires’’ in a switch representation of
a circuit.

places is incomplete and incorrect. This is apparent when
a human expert’s conclusions differ from the expert
system’s. Identifying which piece of knowledge is absent
or incorrect is difficult.

Transparency is an important property of expert
systems. Transparency means that the knowledge an
expert system uses should be made visible to its users. In
particular, the user can view and often modify the
knowledge base. More important, the system, in arriving
at a recommendation, maintains an audit trail of the
steps and pieces of knowledge used. Hence, the culprit
piece of knowledge is easily identified. (Such audit trails
also provide explanations for its recommendations,
thereby helping users to develop confidence in an expert
system.) These mechanisms for user feedback allow the
knowledge base to continue to grow long after the
knowledge engineer has left.

In an application, knowledge can include facts,
theorems, heuristics, equations, rules of thumb,
assumptions, strategies, tactics, probabilities, advice,
and causal laws. To manage such diverse forms of
knowledge, Al has developed a wide variety of
knowledge representation and inference schemes. A
knowledge representation scheme is a way to codify
knowledge; an inference scheme is a way to use knowl-
edge to arrive at new knowledge. One of the first deci-
sions a knowledge engineer must make is the choice of
knowledge representation and inference schemes.

A good starting place is the vocabulary and descrip-
tion of those things that the expert system will reason
about. For example, an expert system about chip design
would include a vocabulary of transistors used as
switches, restoring logic, clocks, and steering logic. One
popular approach is to define such things in terms of
objects (Fig 4). Most knowledge representation lan-
guages come with special facilities for instantiating,
combining, and specializing object descriptions.

Often the knowledge that goes into an expert system is
decision-making knowledge that can be expressed in
terms of if-then rules (Table 1). These rules indicate that
certain actions can be taken if certain kinds of situations
arise. Most rule based systems contain hundreds of
rules, each representing a ‘‘chunk’’ of knowledge about
a particular field. Rules can be used to represent both
inferences and heuristics.

Each rule in a knowledge base represents the knowl-
edge behind a single decision. Organizing the rules to
work collectively on problems is an important task for a
knowledge engineer. As this is an area of active research,
there is more than one approach. One of the simplest
strategies is to have an interpreter scan the rules to find
one whose antecedents match assertions in the data base.
In more sophisticated systems, rules are organized into
networks that determine when rules get applied. Such
networks can be organized to apply rules when certain
data are changed, or to try rules when certain goals are
indicated. Inferences are statements about what facts
follow from given conditions; heuristics are rules of
thumb that guide the search for solutions. '

The current technology of building expert systems has
weak points, some of which require substantially more
research. For example, an expert, like a good designer, is
distinguished from a mediocre one not only by the
knowledge possessed about the field, but by intuition,
taste, and common sense. Unfortunately, these are
difficult to recognize, let alone formalize. As a conse-
quence, most current expert systems lack breadth and
common sense. That is not to say that they cannot solve
difficult problems requiring sophisticated expertise.
Rather, when posed slightly different problems than
they were designed for, they can fail in surprising ways.

Al is only recently facing these issues squarely, and it
will be some time before one sees anything even approxi-
mating broad human expertise. Nevertheless, a great

Instance Variables

doc(* Pull-up element for the inverter.)

pullUp: "pullupl003"

pullDown:  "pullDownl003" doc(* Pull-down element for the inverter.)
ratio: 4 doc(* Pull-up/pull-Down ratio) reason "auditRecord33"
x0Origin: 188

yOrigin: 3876

orientation: Up doc(* One of Up, Down, Right, Left)
doc(* Pointer to perspective objects

perspectiveNode: '"InvPerspl003"

for displaying the inverter, etc)
Methods
Simulate Inverter.Simulate

doc(* Procedure for simulating an inverter)

Fig 4 An object
representation example in
Loops. Part of the
representation task in an
expert system is creating the
vocabulary and
representations for the things
that the system will reason
about.
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TABLE 1
‘Sample If-Then Rules

The XCON System (configuring VAX systems)

IF: The current active context is selecting a
box and a module to put in it

The next module in the optimal sequence
is known

The number of system units of space that
the module requires is known

At least that much space is available in
some box

That box does not contain more modules
than some other box on a different
unibus

THEN: Try to put that module in that box
The MYCIN System (medical diagnosis and therapy)

IF:  The site of the culture is blood
The portal of entry of the organism is Gl
The patient is a compromised host
THEN: Itis definite (1.0) that bacteroides is an organism for which
therapy should cover
The PROSPECTOR System (mineral exploration)
IF:  Volcanic rocks in the region are contemporaneous with the
intrusive system (coeval volcanic rocks)

(800, 1) The level of erosion is favorable for a porphyry
copper deposit

THEN:

deal of technology can be of immediate practical use in
expert systems to solve problems that require a signi-
ficant amount of expertise or creativity.

Design as search

In artificial intelligence, many problem solving systems
are based on the formulation of problem solving as
search. In this formulation, a description of a desired
solution is called a goal, and the set of possible steps
leading from initial conditions to possible solutions is
the space to be searched. Problem solving is carried out
by searching for sequences that lead to solutions that
satisfy a goal.

Often, rules in expert systems can be viewed as heuris-
tics for generating and pruning candidate solutions.
Search is at the heart of a reasoning system, and failure
to organize it properly can result in problem solvers that
are inefficient, naive, or unreliable. The simplest
approach is to search a solution space exhaustively (ie, to
search it in a way that will find all possible solutions).
This is appropriate only if the space of possible solutions
is quite small, or if powerful pruning heuristics are
available for quickly eliminating most of the space from
consideration. Another approach is to use heuristics for
plausible generation (ie, to guide the search to the most
promising avenues).

Stanford University’s Eurisko is an example of an Al
program that uses heuristic search. It has been applied to
the task of inventing new 3-dimensional microelectronic
devices that can be fabricated using laser recrystalliza-
tion techniques. Eurisko’s exploration is carried out by
generating a device configuration, computing its
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input/output behavior, parsing this into a functionality
that it recognizes, and then evaluating the device against
known comparable devices.

Two different solution space characterizations have
been tried in Eurisko. In the first experiments, the
solution space was characterized in terms of abutted
regions of doped and undoped semiconductors. Devices
were analyzed at the level of charged carriers moving
under electric field effects. Many well-known primitive
devices were synthesized quickly, such as the metal oxide
semiconductor field effect transistor, the junction diode,
and the bipolar transistor.

In the next experiments, a level describing circuits in
terms of tiles was tried. In the tile model, each region is a
three-space cube of approximately the same size. A
device is a lattice of tiles in a particular 3-dimensional
configuration. Fig 1 is an example of a device described
in terms of tiles. Initial tile level experiments were done
using exhaustive search. Basic elements supplied
included the logical operations, flipflops, stack cells,
and a few others. Thousands of hours of runs with this
version of Eurisko convinced the experimenters that the
“‘hit rate’’ for good devices was below one in a billion.

In the next set of experiments, Eurisko used heuristic
search rather than exhaustive search. In the previous
experiment, a new device was synthesized every 0.9 s.
Now, with a hundred heuristics guiding the generation
process, it took about 30 s to produce each device design
(using a Xerox 1100 personal scientific information pro-
cessor). However, the frequency of valuable new devices
rose to 1 in 10. Much of the power came from a sym-
metrizing heuristic.

Eurisko’s success suggests that computers can play
active creative roles in the design process. Although
large circuit design is still a distant possibility, a new
symbiotic relationship is emerging between designer and
machine. The designer can be free from concern about a
particular device’s structure, and instead concern him-
self with heuristics for guiding the computer program’s
search for interesting designs. The computer can thus
explore the possibilities based on the heuristics and
present alternatives to the designer for evaluation.

Gaining leverage through abstraction

Coping with design details is a challenge. While failure
to attend to them leads to disaster, focusing on them in a
project’s early stages can blind a designer to the overall
picture. For example, a digital systems designer can
become bogged down in his approach to system architec-
ture if he initially tries to contend with the details of
every transistor. Instead, the approach should make big
design steps to get the whole picture, then tend to the
details systematically.

In software practice, programming languages provide
an abstract level of description for programs that allow
bigger steps than machine instructions. The same idea of
using formal languages has been proposed for hardware.

Fig 5 illustrates three architectural approaches to
designing a hardware stack. In a high level architectural
language like Linked Module Abstraction (LMA), which
emphasizes storage and communication features,
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descriptions are concise. Furthermore, minor architec-
tural variations often correspond to minor changes in
the descriptions. The pointer stack (a) corresponds to the
usual software implementation. Information is stored in
a register array. An index register (the pointer) contains
the top of the stack’s address. Push and pop instructions
increment and decrement the pointer. The roving marker
stack (b) uses a mark bit associated with each storage cell
to indicate the top of the stack. In a push or pop
instruction all cells receive the command, but only the
one with the mark bit set performs the operation. It
combines a register array for data storage with a shift
register for marker storage. In the buffered stages stack
(c), the top of the stack is always the leftmost cell and all

MEMORY
CELLS

BUFFERS

F OUTPUT

INPUT
p CONNECTIONS
SL-INVERTER-1
(@
CONSTRAINT 1
OUTPUT
e :,_I_‘
[ il CONSTRAINT 2
LL-INVERTER-1 1

(b)

Fig 6 Introducing constraints in a design. In this figure, the
layout level description (b) is an implementation of the
switches-level description (a). Implementation is only
partially specified since the designer chooses only to
introduce constraints about connections to power and
ground, rather than deciding exactly how to route the wires
to make the connections.

Fig 5 Some alternative designs for a stack: pointer stack (a),
roving marker stack (b), and buffered stages stack (c). When
specifications for these different stacks are written in a
language that emphasizes storage and communications
features, the description is much shorter than one written in
terms of device layouts. Furthermore, minor architectural
variations often correspond to minor changes in the
descriptions.
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data in the stack move simultaneously. Intermediate
stages buffer the data as they move between cells.

Ideas of languages and big steps can be iterated to
yield an ordered set of languages providing intermediate
abstractions. (See Table 2.) Languages serve to partition
design concerns, and each successive description of a
system surfaces a new level of details to consider. Using
the languages in design can be helpful to a designer if
decisions that are made at a more abstract level do not
need to be revised in a more detailed language. A
designer who systematically carries a design through
several implementations in different languages is guided
by an “‘invisible hand’’ that determines the kinds of deci-
sions made at each step.

Invention and language experimentation for describing
abstractions is not unique to expert systems. For
example, using multiple languages to describe hardware
has been tried many times. The main point is that such
languages can enable big steps in roughing out a design.
Since the languages divide up a design process, they also
provide a framework in an expert system for organizing
knowledge according to sets of concerns.

Representing constraints and dependencies

Exploratory design often requires making significant
changes late in the design cycle. This is inconvenient with
current design tools, which do not capture the dependen-
cies among decisions. To make a change, designers often
must alter large portions of a design that are disturbed by
a seemingly minor change.

In AI research, it is useful in such problems to
represent explicit dependencies and constraints. A
dependency is a situation where one quantity depends on
others. This is analogous to the algebraic distinction
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TABLE 2

Synthesis Languages for Palladio

Description Level Concerns Terms Composition Rules Bugs Avoided
Linked Event Modules Token Deadlock
module sequencing Forks conservation Data not
abstraction Joins Fork/join rules ready
(LMA) Buffers
Clocked Clocking Stages: Connection Mixed clock
registers 2-Phase Register transfer of stages bugs
and logic Transfer functions Unclocked
(CRL) feedback
Clocked Digital Pull-ups Connection Charge
primitive behavior Pull-downs of switch sharing
switches Pass transistors networks Switching
(CPS) Ratio rules levels
Layout Physical Colored Lambda Spacing

dimensions rectangles rules errors

between dependent and independent variables. Depen-
dencies can be used in a design to represent situations
where the system could automatically make changes in
one part of a design to reflect changes made in another
part. A constraint is a situation where several quantities
are interrelated. Unlike dependencies, a constraint does
not distinguish between dependent and independent
quantities. In AI programs, constraints are coupled
with knowledge for propagating and satisfying sets of
constraints.

EL is an example of an Al system that represents and
manipulates constraints. As an aid to designers analyzing
analog circuits, EL computes electrical parameters of a
circuit using circuit behavior laws, such as Ohm’s law
and Kirchoff’s current law. EL’s knowledge about the
values of voltages and currents at different parts of a
circuit is represented as symbolic constraints.

Much of EL’s power derives from the ability to reason
with constraints by propagating them algebraically
through a circuit description. For example, using Ohm’s
law constraints can be propagated in three ways. First, if
the voltage across the resistor is known, and the resis-
tance is known, the current through it can be assigned.
Second, if the voltage across the resistor is known, and
the current through it is known, the resistance can be
assigned. And third, if the current through the resistor is
known, and the resistance is known, the voltage across
the resistor can be assigned.

Constraints are an important vehicle for representing
partial specifications (Fig 6). For example, constraints
can describe requirements for parts of a structure whose
implementation is yet to be worked out. The SYN pro-
gram provides an example of this in an Al system. SYN
was applied to the task of circuit synthesis (ie, deter-
mining the parameters of the parts of a network). Like EL,
SYN uses constraints for representing assertions about a
circuit. Much of a constraint’s power is that it allows a
designer to specify only part of a circuit; eg, imposing a
constraint that the bias current be 10% of the transistor
current does not completely determine what the bias cur-
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rent is. From the point of view of bias stability, the exact
value is irrelevant. Other constraints can be imposed to
determine its value.

Using constraints to characterize partial specifications
can be especially useful for representing interface con-
tracts between parts of a design, especially when dif-
ferent people design the parts. A design system that
includes the means for communication between designers
could provide support for negotiating changes to inter-
faces. Such a system would help mediate the tension be-
tween defining interfaces early to divide the labor, versus
revising interfaces later as a design is fleshed out. It
would make it easier for designers and managers to see
when interface contracts were violated, and also to
weigh the effect of proposed changes.

Reasoning with heuristics
An important but sometimes unrecognized characteristic
of designing is the necessity of making guesses along the
way. This follows from the absence of a complete
synthetic design theory in most applications. To cope
with the lack of a theory, designers resort to heuristic
search. They begin projects without knowing exactly
what is possible or what they want. In the beginning, a
designer typically sets approximate goals. As he works
top down, he explores the entailments of the design
decisions; as he works bottom up, he gains information
about what is possible and can adjust the goals. This
amounts to a dialectic between what is desired and what
is possible (ie, between goals and possibilities).
Heuristic reasoning is needed to compensate for the
lack of a complete theory. Designers guess, but only
when they have to. Some bad guesses are inevitable. This
creates an incentive to find ways to revise decisions
efficiently when guesses do not work out. In Al systems,
dependency and constraint records are valuable in sys-
tems that reason heuristically, then revise decisions. This
can be illustrated by examples from the EL system. In
analyzing circuits, EL follows a heuristic approach from
electrical engineering called the method of assumed
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states. This method uses a piecewise linear approxima-
tion for complicated devices. It also requires making an
assumption specifying a linear region for device opera-
tion. For example, EL has two possible states for diodes
(on and off) and three states for transistors (active,
cutoff, and saturated). Once a state is assumed, EL can
use tractable linear expressions for the propagation
analysis as before.

After making an assumption, EL must check whether
the assumed states are consistent with the voltages and
currents predicted for the devices. Incorrect assumptions
are detected by means of a contradiction. When this
happens, some assumptions need to be changed.

An infrastructure for groups of
designers to create an articulated and
permanent body of knowledge is a key
idea in expert systems.

Intelligent contradiction processing involves deter-
mining which assumptions to revise. This is where the
dependency records come in. EL uses these records to
save justifications for each of its 1-step deductions.
These justifications enable EL to identify the assump-
tions behind a contradiction. Knowing what informa-
tion in the analysis is dependent on contradictory
assumptions enables EL to focus its attention in revising
the analysis. First it decides which asumptions to
withdraw, then it can gracefully withdraw those
additional decisions that are dependent on the original
bad assumptions. Contradictions are remembered so
that choice combinations found to be inconsistent are
not tried again.

Accumulating design experience

Currently, much of the design knowledge is informal
and not written down. Expert designers carry in their
heads the knowledge gained from experience, such as
special rules of thumb and particular elegant solutions to
special problems. This knowledge builds up as designers
search for solutions to particular design problems.
However, when a designer leaves or forgets, this knowl-
edge can be lost.

A key idea for expert systems for design is to provide
an infrastructure for groups of designers to create not
only designs, but also an articulated and permanent
body of knowledge. For example, a designer of bit-serial
signal processors could create a collection of parameter-
ized components (at some level of abstraction) that carry
out part of a signal processing task, a body of composi-
tion rules for combining these components, and a body
of implementation rules that capture some of the critical
tradeoffs in mapping these devices into silicon. When
such knowledge is saved in a knowledge base, it would
enable other designers, less expert in bit-serial proces-
sors, to use the library of parts and rules. Community
use of such knowledge would also provide the expert
with feedback about the correctness and completeness of
his knowledge base. In effect, the designer makes his
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knowledge available (through a computer surrogate) to
consult with other designers.

For example, much of the success of university VLSI
design courses can be attributed to the development of a
network infrastructure for implementing chips quickly
and economically. Extensions of this work to include
packaging and boards may help accelerate the growing
participation of computer scientists and others inter-
ested in experimenting with the silicon medium for
building computer systems.

Future prospects

Assessing the potential impact of expert systems in CAD,
it is interesting to look for limiting factors. One critical
factor is the number of people with experience building
expert systems. There are fewer than 200 people in the
United States with experience in expert systems, and
only a fraction of these have a substantial interest in
design or electronics. As a field, artificial intelligence in
general and expert systems in particular seem to be long
on ideas and short on manpower. To maximize its
impact, it is essential for Al to simplify its methods and
to export its ideas.

It is reasonable to ask whether expert systems for
design will emerge gradually from the more traditional
work outside the expert system community. Certainly,
work on silicon compilers is a step in the right direction.
However, several fundamental principles for building
expert systems are missing in both the silicon compiler
work and the traditional CAD systems and methods.
These include the use of explicit representations for
knowledge (eg, as rules), explicit representations for
goals and constraints, and infrastructure for adding
knowledge to a knowledge base and debugging a knowl-
edge base.

There are several encouraging signs, however. For
instance, several large companies with an interest in elec-
tronics and design, including Fairchild, Hewlett-
Packard, Schlumberger, and Texas Instruments, have
recently organized artificial intelligence laboratories.
Also powerful personal workstations supporting
appropriate Al languages (eg, LISP), programming envi-
ronments, and graphics are now available from Lisp
Machine Inc (LMI), Symbolics, and Xerox. Finally,
knowledge representation languages tailored for expert
systems are emerging: Loops (Xerox), MRS (Stanford
University), and opPSs (Carnegie-Mellon University).

Research in these laboratories is likely to lead to new
insights. On balance, more examples of prototypical
expert systems for assisting designers in the next two or
three years are expected, but the widespread use of
expert systems in design is several years away.

Please rate the value of this article to you by
circling the appropriate number in the “‘Editorial
Score Box’’ on the Inquiry Card.

High 707

Average 708 Low 709

Photo on p 65 is of the inter LISP-D/Loops programming
environment used at Xerox PARC to create expert systems
Jfor VLSI system design.
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the performance, the ease of use,
or the cost effectiveness.

Theres the 8087 and the 80287
Numeric Coprocessor. Made to work
with the Intel iIAPX 86 family of
8 and 16-bit processors. Both
Coprocessors have the power to accel-
erate your floating point math cal-
culations an incredible 50 to 100 times.
Eliminating the need for a mini-
computer in the process.

And theres the 8089 1/0O Channel
Coprocessor. Capable of tripling your
performance in the [/O-intensive
parts of your application. Such as in
hard disk control and communications.

Intel is the only company with a
family of Coprocessors. For the com-
ponent, board and system level.

All being delivered in production
quantities, now. With new types of
Coprocessors on the way.

Like the 82730 Text Coprocessor.

The first VLSI solution for fast manip-
ulation and display of high-quality text.
And the 82586 LAN Coprocessor.

Replacing 100 ICs for Ethernet}

or other Local Area Network designs.
The competition has yet to produce

their first Coprocessor.

Typical Performance Improvements with Math Coprocessor
(All Clock Speeds 8 MHz.)

B8 8+ a7
Double Precision (64 bit)

Floating Point Multiply 1,313 S 17 uS
Interest Rate Calculation 628 mS .66 mS
3-D Graphics Image Generation 90.5 seconds 1.78 seconds
FORTRAN Whetstone Calculations 3K Whetstones 169K Whetstones

per second per second
Real Matrix Multiply 134 seconds 4.08 seconds

Discover just how powerful and
cost-effective Coprocessors can be.

For complete documentation,
including application notes, call us
toll-free. (800) 538-1876. In California,
(800) 672-1833. Your information
will be on its way in less than 24 hours.

Or write us. Dept. F3, 3065 Bowers
Avenue, Santa Clara, CA 95051.

Or contact your Intel Sales
Representative.

And don't be alarmed by our
enthusiasm when you ask about

Coprocessors.
Were just charged-up.
g "delivers
| solutions

United States and Canadian Distributors: Alliance, Almac Electronics
Corporation, Arrow Electronics, Avnet Electronics, Hamilton/Avnet,
Hamilton Electro Sales, Harvey, Kierulff Electronics, Inc., L.A. Varah,
MTI Systems Sales, Mesa Technology Corporation, Pioneer, Wyle
Distribution Group, Zentronics. In Europe and Japan, contact your local
Intel Sales Office.

*Ethernet is a trademark of Xerox Corporation.

See us at NCC Booth #3910
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THE BUS
STOCKS HERE:

PSM-512A: 512 kbyte Multibus™ memory
with ECC, 275 nsec access time. Fixes
single-bit errors, flags multi-bit errors.
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PSM-512P: 512 kbyte Multibus parity
memory, 240 nsec access time.
Very economical.
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PSM6463: 64 kbyte non-volatile CMOS ;
Multibus memory, 200 nsec access time. 350 hour SEFEEE
standby with on-board rechargeable NiCd’s, 8 fad S
years with lithium. For process control, tele- | v
communications, other critical applications.
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NEW PSM1VA: 1 megabyte VERSAbus™
memory with ECC, 300 nsec access time.
Lots faster and much less expensive than

Motorola and IBM equivalents. Full 32-bit
VERSAbus compatibility.
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If you're on board the Multibusor VERSAbus, = Microsystems, 451 Hungerford Drive, Rockville,
we've got the memories you need to get where ~ MD 20850. (301) 279-2892, TWX 710-828-9815.
you're going faster, for less. ECC, parity and Irvine, CA: (714) 540-9931.
non-volatile CMOS. All in stock now, all with one In Europe, contact: Towcester, UK:
thing in common. Their first name is Plessey. (0327)50312, Telex 31628. Paris: 776 41 06.

And since Plessey makes them all, they all Noordwijk: (01719) 19207. Munich:
have high reliability, a one year warranty and (089)2362226. Rome: (06) 350189.

Plessey support worldwide. Or get on board fast by calling (800) 368-2738

For more information, just contact Plessey today. Your bus ought to be going our way.

Multibus is a trademark of Intel @ I LESSE I

VERSAbus is a trademark of Motorola



AUTOMATION & CONTROL

CALL FORTH FOR REALTIME
CONTROL PROGRAMMING

by Al Whitney and Marvin C. Conrad
orth is different from other languages—enough so
Fthat many computer experts do not understand
its value. In fact, there is some question as to
whether it is best described as an assembler, a compiler,
or an interpreter. Forth is more than a high level,
machine independent language. It is a problem-solving
method that dovetails with the requirements of a partic-
ular situation. Forth is ideally suited to distributed
process control applications because it eases the task of
custom software design for each major process.
Now that hardware costs for microcomputer chips are
lower, designers are turning away from centralized,

Al Whitney is development support marketing
manager at Texas Instruments’ Semiconductor Group,
Programmable Products Div, PO Box 1443, Houston,
TX 77001. He is responsible for market introduction
of development tools. Mr Whitney holds a BSEE from
Franklin University, Columbus, Ohio.

Marvin C. Conrad is a senior member of the technical
staff of TI's Semiconductor Group, Programmable
Products Div. He is manager of software support
product development. Mr Conrad holds a BS from
Northeast Louisiana State University.

Forth is ideal for

realtime distributed

process control. High

on the list of pluses

is easy interface to

assembly language

modules—Ilimiting

the execution of

time-critical routines

only to the intrinsic

speed of the processor.

general purpose computers with multitasking software
to equip realtime process control systems. Controller
based system strategies are easier to develop, maintain,
and upgrade than central processing unit schemes. Placing
the processing power directly at the execution site,
rather than multiplexing all operations through a mam-
moth central processor, leads to more efficient designs
that provide fast-acting reliable control. Development
methods and support tools are evolving to facilitate this
transition to distributed, onsite process control.

Whereas today’s software design trend is toward
readability, Forth encourages maximum program effi-
ciency instead of easy to read code. With Forth, pro-
grammers can shortcut Pascal’s enforced structures and
write time-critical programming sections in assembly
language. This feature unblocks the local processor’s
throughput to the microcomputer’s intrinsic speed
limit—with no penalty for the convenience of program-
ming in a high level language.

In some cases, the Forth application can be based on
a separate, low cost hardware implementation of Forth.
In other cases, as with polyForth, it can be based on a
task spawned by the main program. Thus, Forth can
support both multiprogramming and multitasking. In
multitasking mode, Forth allows usable tasks as small as
22 to 25 bytes. Hundreds of tasks can be handled very
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efficiently. Moreover, this approach to multitasking
allows the execution time predictability that is so critical
to effective process control.

What Forth lacks in universal intelligibility, due to
the absence of standardized data structures, it makes up
for in fast execution time, compact size, and ease of use.
According to Forth’s inventor, Charles Moore, the sim-
plest solution to a problem is the correct one. This is
achieved in Forth by combining a top-down definition
of the total solution with a bottom-up implementation.
Compact modular execution and testing somewhat off-
set the lack of readability in large code sections. Pro-
grammers are less likely to read large sections of code in
Forth than in other structured languages.

Forth gives the programmer complete access to
machine language as well as total control of the stack
through which most Forth operations communicate.
Conventional languages render these details transparent
to programmers. The payoff is that Forth programs can
execute almost as fast as their assembly language
counterparts. Forth programs can even be written in the
host’s assembly language. Meanwhile, a 64K-byte
memory has plenty of room for a large program, plus an
interactive Forth compiler running as its own operating
system, a Forth assembler to optimize time-critical pro-
grams, and a Forth interpreter, text editor, and virtual
memory management system.

Moreover, execution is fast because Forth is imple-
mented as a threaded code interpreter. The final pro-
gram is actually a string of addresses, each pointing to
subroutines at lower levels. As few as two instructions
are needed to go from one subroutine to another. The
string of addresses can be likened to a thread that
weaves through the subroutines and controls overall
program execution.

Verification and debugging are simplified because
both Forth and assembly language routines are ready
for execution as soon as they are written. The assembler
does its job in only one pass, with no link passes or file
handlers. Each routine can be executed and checked out
separately just by typing in test data and the name of the
routine.

Extending Forth to meet the application

A principal feature of Forth is its limitless extensibility.
Programmers can easily add new operations, data types,
or definitions to the basic language, and can customize
it for a specific application. This extensibility is greatly
enhanced through the defining meta words <BUILDS . . .
DOES>. For instance, Forth does not have a CASE state-
ment as part of its standard definition. However, using
the meta defining <BUILDS ... DOES> allows quick
extension of Forth to include a : CASE word. The general
form of the <<BUILDS ... DOES > is

: XXX <BUILDS (compile-time words) DOES >
(execution-time words) ;

giving a definition of :CASE as follows

: :CASE <BUILDS ] DOES_>SWAP2 * + @
EXECUTE;
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:CASE is now a defining word. Given the
definitions

following

: LEFT . “‘turn left”’ ;
: RIGHT . “‘turn right”’ ;
: STRAIGHT . ‘‘go straight’’ ;

Now to create the CASE direction becomes

: CASE direction LEFT RIGHT STRAIGHT ;
0 DIRECTION will print ‘‘turn left”’
2 DIRECTION will print ‘‘go straight’’

In this example the codes break down as follows: ‘]’
enters the compile mode, ‘‘SWAP’’ reverses the top two
stack entries, ‘2’ goes onto the stack, ‘‘*’’ multiplies
two times the second stack entry, ‘‘+’’ adds the result
to the next stack item, ‘“‘@’’ replaces the address with its
content, and ‘‘EXECUTE’’ then executes the dictionary
entry whose address is on the stack. This example only
partially shows the power of < BUILDS ... DOES>. It
can be further used to create intelligent data structures,
range checking data structures, and auto-incrementing
data structures.

Each Forth operation is defined in terms of previ-
ously defined, more primitive operations. Since it is syn-
tactically impossible to mix assembly and nonassembly
within a definition, dependency upon a given instruc-
tion set is restricted to each module. If transportability
is an issue for a given design, it is easily achieved;
however, Forth programs can be written so quickly that
programmers may not wish to transport them. More-
over, transportability may go against the grain of Forth
programmers who prefer to use every programming
advantage that they can gain from a specific host
environment.

Postfix notation, which is also used in the Hewlett-
Packard calculator, places the operation code after the
arguments instead of between them as in conventional
languages. This reflects the natural order of events in
stack protocol: the last items put in are the first ones
taken out.

For example, the expression (A + B) * C would be
written in postfix notation as A B + C *. This notation
is also more efficient for linking subroutines together
without using CALL statements, argument lists, or passing
parameters.

Programming dictionary and vocabulary tree
Forth differs most from conventional languages in that
it is basically a dictionary housing about 100 operation
routine definitions (eg, arithmetic and stack manipula-
tions) and 40 ‘‘primitives’’ (operations defined in
machine language). The programmer combines these
routines and primitives as needed to form new com-
mands and the overall application. All Forth programs
are a series of dictionary entries, whether they are appli-
cations or the compiler, assembler, or editor, for
instance. All programs are executed by the same
technique.

Among other items, each dictionary entry contains
either a machine language statement, a list of addresses
of previously defined operations, or an address of, for



example, a variable or array. The programmer codes an
application by defining a sequence of ever-newer
routines based on previously defined routines; hence,
the resulting program may be likened to an outward-
growing spiral of routines. The set of 40 primitive func-
tions and assembly routines is at the center of this spiral.
At runtime, the compiler replaces all operation names
with their dictionary entry addresses. The Forth inter-
preter then executes each statement by working only
with those addresses.

When the interpreter finishes executing the operation
in a given dictionary entry, a pointer in the interpreter
indicates the next definition address to be executed.
Separate linked lists of dictionary entries, called
vocabularies, control the sequence of dictionary search
at compile time and in applications.

Forth statements can be mixed with
assembly language to perform such
time-critical tasks as input/output
control.

Thus, the richness of a Forth programming environ-
ment—its expressiveness, for instance—is a function of
its current library. Operation names not found in a
special vocabulary (eg, the text editor) are sought in the
natural Forth vocabulary, which is the root of the whole
vocabulary tree. A link address in each dictionary entry
points to the previous dictionary entry. Each routine is
based on a previously defined routine.

Each dictionary entry begins with an 8-byte header.
The first 4 bytes identify the entry and include a ‘‘prece-
dence bit,”” which indicates whether the operation is to
be performed immediately or later. Immediate opera-
tions—usually macros or compiler directives— are per-
formed instantly even with the system in compile mode.

The next 2 bytes in the header comprise the link
address, and the 2 bytes following them give the address
of the code that implements the operation. The rest of
the dictionary entry, as previously noted, is a machine
language statement or a list of addresses.

Primitive or user defined code routines end with a
machine language branch to the NEXT location in the
interpreter. The NEXT code increments the address
pointer to indicate the dictionary entry of the next
operation in the program. The interpreter then uses the
incremented address to find the next routine.

If the next routine is not code but a basic Forth defini-
tion, a code routine is invoked to establish the current
nesting level. The header’s code address points to code
that first pushes the value of the interpreter pointer onto
the return stack; then, it sets the pointer to indicate the
address just prior to the body of the Forth definition.
Now, the code branches to NEXT, and the statements in
the basic definition are executed as just described.

An entry is created in the dictionary by typing in a
‘“‘colon’’ definition. The colon operation (:) initiates

two events: it prepares a dictionary entry for the word
(name) following the colon, and it triggers compilation
of subsequent operations stated in the definition. A
semicolon ends the definition. Since the system remains
in the compile mode until the semicolon is entered,
special operations can be entered within a definition and
executed at compile time. After the semicolon is typed,
the new definition is available from the keyboard then
or in a later definition.

For example, the following definition, called qua-
dratic, may be written to evaluate the polynomial
52x2 — 15x — 10.

: QUADRATIC DUP DUP * 52 * SWAP 15 * — 10;

DUP DUP makes two copies of the top of the stack
(which contains the argument) and pushes the copies
onto the top three stack registers. If the argument is 10,
the stack now reads 10 10 10. Multiplication (*) leaves
the stack with two entries, 100 10. The expression 52 *
pushes 52 and multiplies 52 by 100; the stack now reads
5200 10. SWAP reverses the top two entries of the stack.
SWAP 15 * executes the calculation of 5200 — 52(10).
Finally, 10 — completes the polynomial evaluation and
the semicolon closes the definition.

The user can test the definition, for instance, with
X = 5 by typing ‘‘5 QUADRATIC.”” The operation ‘‘.”’
prints the top of the stack’s contents. The system will
respond 1215 OK, where OK indicates execution is com-
plete and the system is awaiting the next input.

Mixing Forth with assembly

Forth statements can be mixed with assembly language
to perform such time-critical tasks as input/output con-
trol. The assembler is invoked by a definition beginning
with CODE instead of a colon. The machine language
code is generated as the definition is entered. No special
calling sequence is needed, since the completed defini-
tion is executed like any other Forth statement.

The assembly language instruction for the host pro-
cessor must be entered in a postfix notation. The operand
and addressing modes are written first, followed by the
mnemonic operation code. An output statement for the
TMS9900, for example, can be written as the definition of
a dictionary entry named Terminal-Out

CODE Terminal-Out XOP 14 NEXT JMP;

XOP 14 causes a string of characters to be written to the
terminal, until an all-zero byte is found. NEXT JMP
transfers control to the dictionary entry for the next
operation in the program. Assembler conditional branch
instructions, such as IF...ELSE...THEN and BEGIN. . .END
are Forth operations that are handled like macros. They
are patched into the dictionary entry following the ini-
tial CODE in a definition. The single-pass assembler
implements forward branching (IF) by leaving an empty
space for the forward address on the stack. The forward
address is patched into the empty space, where it is
found by the interpreter.

Creating data types

One of the most advanced concepts in Forth is the
<BUILDS...DOES > structure for creating new data
types. In defining a data table, for example, the BUILDS
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portion is executed when the table is defined; the DOES
portion specifies the procedure for executing the table
definition.

This approach can also be used to define other arrays,
including record structures, classes of user defined
operations, or byte or bit arrays. Once the array has
been defined, that definition can be used to define any
number of arrays of different dimensions.

The following dictionary entry, for example, creates a
table with N elements and provides for a table lookup
procedure

: Table (...N — BUILDS O DO, LOOP DOES_> SWAP ;

BUILDS O DO, LOOP compiles N elements (supplied
with the program, of course), while DOES > SWAP exe-
cutes table lookup.

Virtual memory files

The traditional Forth file system is a simple but practi-
cal feature implemented with virtual memory. The
entire disk (or disks) is a single virtual array of blocks,
where each block is 1024 bytes long regardless of each
disk sector’s physical length. Each block is called a
screen because it can be displayed as 16 lines of 64 char-
acters on a display terminal or printer. Forth stores its
source code in these screens. A screen, therefore, can
have high level or assembly language definitions or
operations for immediate execution.

Further, the file system can read or write any part of
the disk with a single access. The BLOCK operation reads
from disk as necessary; it takes a disk block number
from the stack and automatically buffers the returned
block and places the buffer address on the stack. A
microprocessor buffer usually holds 128 bytes whereas a
minicomputer buffer typically holds 1024 bytes.

A LOAD command takes a screen number off the
stack and processes the information in the screen as if it
had been typed at the terminal. Source code is compiled
or commands are executed. A single LOAD instruction
within a screen can initiate the compilation of a large
source program.

Thus, Forth is more than a language—it is a problem-
solving method. Its execution speed and bottom-up
implementation make it perfect for solving complex
problems in distributed systems using more than one
microsystem. The Forth language’s commonality allows
the selection of process control microprocessors and
microcomputers whose performance is optimized for
particular solutions.

]
Please rate the value of this article to you by

circling the appropriate number in the “Editorial
Score Box’’ on the Inquiry Card.

High 710 Average 711
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Photo on p 81 is of a production test machine designed by Texas
Instruments and programmed in Forth.

Information at a touch.

Carroll adds touch advantages to the graphic

capabilities of high resolution displays. Quick

response for control of steel mills, power plants

and pipelines. User friendly in consumer
environments. Eliminates keyboarding.
Removes language barriers. For information,
contact the leader in fouch technology.

Carroll Touch Technoloqgy

2902 Farber Drive, Champaign, IL 61821
217/351-1700 TWX 910 245-0149

Keeping computers in touch with people
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Name one
microsystem wi

B multi-user capability
B a real-time operating system
® 1 MIPS performance
mintegrated disc storage
m 3-D interactive graphics software
m 4.27 Mbytes/second I/0O bandwidth
® 12 interfaces

® memory expandable in 128kb, 512kb
or 1Mb increments

m data base management software
‘ ® powerful networking capabilities
: B a starting price of just $8,021.

with




This

is the one.

The HP 1000 Model 6.

You’ll be amazed at how much you can
do with such a little computer. Because
the HP 1000 Model 6 is only small in
size and cost. When it comes to per-
formance, it’s another story.

By using our range of plug-in cards,
you can easily put together a wide vari-
ety of configurations. You could, for
example, plug in 8 terminals, 12 instru-
ments, a plotter, printer, hard discs,
machine tools and communications
links with other computers —and have
them all running at the same time.
Mostly because of the way our multi-
tasking operating system —RTE —
takes advantage of the hardware, and
delivers big system power. As a result,
we can give you virtual memory capa-
bility. Dynamic memory positioning.
And multiple real-time ways to sched-
ule programs — by event, time, or oper-
ator. Not bad for a system that starts
at only $8,021.

And because it’s a complete system,
you don’t have to hassle over compli-
ance with the increasingly tight RFI
regulations. Or go through all the
paperwork it takes to get UL® approval.
Or lie awake nights worrying whether
the hardware and software will work
together. When you use the HP Model
6, all those problems are behind you.

Prices U.S.A. list in OEM quantities of 100.

Even better, the architecture and oper-
ating system give you so much flexi-
bility that you can fine-tune our micro
to your application as if you’d built it
yourself.
It’s so fast
it makes you faster.

To get 1 MIPS performance, you'd ex-
pect to have to pay for a much more
expensive minicomputer. But that’s the
kind of speed we're talking about in the

This is one microcomputer
— with real multi-user capability. E

HP Model 6 microsystem. So you don’t
have to spend time optimizing your
application. And with all the system
integration, government testing, and
government approvals already taken
care of, you can get your system to
market a lot faster.

With high-speed Direct Memory
Access (total I/O bandwidth up to 4.27
Mbytes/second) and a powerful mem-

2

Includes A600 processor, 128 Kb memory, RTE-A.1 license,

dual minifloppy drives, 2623A graphics terminal.

ory system, you're really flying. And
our wide range of interfaces gives you
12 ways to communicate with the out-
side world. There’s even an I/O proces-
sor built into every single interface.
This takes a big load off the CPU, free-
ing it for more important tasks. By dis-
tributing intelligence in this way, our
micro turns in macro performance.

A growth path
that’s easy to follow.

HP offers the widest range of instru-
ments and peripherals to fit into your
system. They were all made to inter-
face easily, and stand up to a lot of
hard work.

And since the Model 6 is based on
our A600 processor, it’s easy to up-
grade. Just move up to our A700 with
optional floating point hardware and
microprogramming. Both processors
are 100% software compatible. That’s
another powerful argument in favor of
HP microcomputers. And our com-
petitive pricing discounts are another
example of our commitment to OEMs.

For more information about the HP
1000 Model 6, call your local HP sales
office listed in the white pages of your
telephone directory. Ask for a technical
computer representative. Or write for
our OEM Information Kit to: Hewlett-
Packard, Attn: Joe Schoendorf, Dept.
12152, 11000 Wolfe Road, Cupertino,
CA 95014.

HEWLETT
PACKARD

TCG-209
HPTC-170



Choice of integrated terminals
with graphics, forms, scientific character sets,
large characters, protected fields

Integrated graphics
display, driven by CORE-
compatible software

Choice of keyboards with
optional ‘soft keys, numeric
keypads, and international

character sets

Optional hard-copy graphics

Integrated disc
storage, augmentable with a wide
range of Winchester discs
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8-channel multiplexer
allows connection of 8 additional
terminals, all managed by RTE

HP-IB card

for connection
to hundreds

of instruments,
14 at a time

512kb
memory on
a single card

A600 CPU with
1 MIPS performance

Parallel card
for easy interfacing

DS/1000 —1V network interface




How to dress up your IBM.

Fred Molinari, President

Low cost data acquisition
and control for the
IBM Personal Computer.

Data Translation is fashioning a new look in the personal
computer market.

Our new single board plug-ins bring complete
analog and digital I/O capability to your IBM Personal
Computer.

The complete DT2801 I/0 system fits on just
one board. It includes A/D with programmable gain,
D/A, digital I/0, and a programmable clock and has
direct memory access capabilities. The DT2805 fea-
tures the same functionality, with provision for low
level analog input.

With power and performance to match that of
the IBM PC, either board provides 12-bits of resolu-
tion with over 14kHz throughput rates under
BASIC.

And whether your application is in laboratory
data acquisition or in industrial process control,
you will find both boards highly reliable at a very
low cost.

The DT2801 and DT2805 are easy to use.

Just plug either one into an IBM Personal Com-
puter expansion slot. No need for separate hous-

ing or cables. A screw terminal panel with optional
thermocouple cold junction compensation is available for con-
necting analog and digital input signals.

And they’re easy to program. More than 30 I/O functions
are accessed with just 3 commands from BASIC. Programming
instructions and sample routines are detailed in the compre-
hensive User Manual.

Plus, as with all Data Translation products, the DT2801 and
DT2805 are fully

: backed by our service
Misopruscessé: 19 BK D with and support team.

bl

progr Bain No other analog
i 2.Channel | 1/O system for the
/ ,Mi IBM Personal Com-
" = puter offers such
y quality, power, and
performance for such
areasonable price.

But, by now you

: 2 ( , probably expect that
16 Lines from Data Translation.
e L) \ IBM PC We don’t just fol-
T S Interface | Jow the latest trends.
We set the style.

The DT 2801 and DT 2805 are complete single
board data acquisition systems for the IBM
Personal Computer.

World Headquarters: Data Translation, Inc., 100 Locke Dr., Marlboro, MA 01752 (617) 481-3700 TIx 951-646.
European Headquarters: Data Translation, Ltd., 430 Bath Rd., Slough, Berkshire SLI 6BB England (06286) 3412 Tix 849-862.

IBM Personal Computer is a registered trademark of IBM.
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MACHINE VISION IN THE
REAL WORLD OF MANUFACTURING

by James K. West

pplication of machine vision capability is fre-
A quently made difficult, excessively costly, or
downright impossible because of the very human
habit of thinking about industrial vision in terms of
human vision. When we think about vision machines,
we imagine systems that will closely emulate human
vision. Yet no current machine can even approach the
capabilities of human vision.

Human vision is highly general and exquisitely adapt-
able, but the depth of knowledge about this physiolog-
ical phenomenon is extremely shallow. Studies at the
University of Iowa have shown that no human inspector
has ever achieved more than 87% effectiveness on a
shift basis. Those in industrial quality control circles

James K. West is cofounder and vice president of
software development at Perceptron, Inc, 23920
Freeway Park Dr, Farmington Hills, MI 48024.
Formerly, he was senior project engineer at the
General Motors Technical Center. Mr West has a
BSEE from General Motors Institute, Flint, Mich, and
an MSEE from the University of lllinois, Champaign.
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like human vision,
has limitations.
Yet this important
technology can
become a
cost-effective tool

when the mysteries
surrounding it

are removed.

who claim to manually inspect 100% of their parts are
kidding themselves. Human vision is incapable of reli-
ably performing most of the measurement, gauging,
and counting tasks so important to the industrial envi-
ronment.

No one would ever doubt the value of a machine that
could demonstrate the robustness, generality, and
adaptability of the human system. However, as Perry
West, a consultant for Automated Vision Systems, has
stated, ‘“There is no reason to impose human-like limi-
tations on (machine vision) technology.”’!

Research documents on vision often stress the impor-
tance of building general purpose machines. Yet this
way of thinking can be a trap. The Swiss Army knife,
for example, is a wonderful general purpose tool but a
horrible knife.

The power of human vision lies in its generality and
judgment. For the immediate future, humans can best
solve tasks requiring these qualities. The power of auto-
mation is specialization, and the power of machine
vision lies in the ability of specialized vision machines to
perform their tasks more effectively and reliably than
human operators.

One cannot argue against the economic inadvisability
of producing one-of-a-kind vision solutions, but the
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answer does not lie in building general purpose
machines, either. The answer lies in the creation of flex-
ible machines that serve the needs of substantial and
well-defined market segments.

Technical staffs of most manufacturing facilities are
not sophisticated in vision technology and will seek
solution-oriented systems. Vendors must work to iden-
tify significant markets, study the needs, and design sys-
tems that solve problems specific to those markets in a
flexible, user friendly way. Customers should be wary
of buying machines that are labeled ‘‘user program-
mable’’ and instead, work with vendors sensitive to
their broader automation requirements.

The challenge of industrial applications

Processing and understanding visual images by machine
has been of interest ever since the digital computer
emerged as a practical device. Over the past three
decades, technology made great promises and had lofty
expectations, but the realization of results has been dis-
appointing at best.

Many authorities attribute this lack of application
generally to the difficulty of the task, but particularly to
the lack of fast computers and robust algorithms.
Though these problems are real and challenging, the
true problem is the psychological one of expecting
human levels of adaptability and judgment from a
machine.

Users and vendors must stop complaining that most
industrial vision applications have been single-purpose
machines instead of general purpose automata. The
secret to practical application of vision technology is to
understand and accept the need to achieve a balance in
real-world tradeoffs.

To succeed, it is essential that the application engineer
choose a problem that management feels is important

enough to solve, and that labor feels is desirable to auto-
mate. Both the problem and the environment in which
the solution must live also need to be well-defined by the
user and understood by the vendor. The feasibility of
the application must be studied thoroughly, and the
solution must then be applied to a large set of sample
parts during development.

The field of vision already has failures on its record
because the technology has been misapplied. For too
long, vendors have claimed to possess equipment that
could solve almost every problem. In addition, the
researchers in the field have been forced, either by the
academic environment or their own biases, to ignore
real-world problems because those problems supposedly
undermine ‘‘good’’ research. Lastly, although the user
desperately needs this technology, there is a reluctance
to design a product or modify the manufacturing pro-
cesses to accommodate automation. Also, the user is
often unrealistic with the research and vendor commu-
nities when relating the true scope of his needs.

Is it possible to apply machine vision technology in
today’s industries? No, if we are trying to create a
mechanical man; Yes, if we are just trying to find cost-
effective solutions to realistically defined problems.

Classifying vision problems
Prior to evaluating the capabilities of today’s com-
mercially available machine vision systems, it is impor-
tant to classify the difficulty level of the production
problem to be solved. Vision tasks tend to fall into three
levels of difficulty, categorizing aspects of problems
that can be controlled versus those than cannot.
Problems at the simplest level (level 1) are those where
the object under scrutiny can be controlled both in posi-
tion and appearance [Fig 1(a)]. Position control implies
that the environment in which the object exists allows it

(c)

Fig 1 Available machine vision capabilities fall into three levels of difficulty. In level 1 (a), the simplest level,
problems are structured such that both the object’s appearance and position are controlled. Level 2 problems (b)
are structured such that either the object’s appearance or position is allowed to vary, but not both simultaneously.
Level 3 problems (c) lack sufficient structure to allow control over either appearance or position and require
advanced vision capabilities. In this representation, an S represents a surface feature while a D represents a blind

hole diameter.

90 COMPUTER DESIGN/April 21, 1983



AYCON 16/SERIES

AYDIN

brings high performance color graphics down to earth.

Only AYDIN CONTROLS’
15 years of experience in raster
scan color graphics could bring
you a display computer with the
total capability of the AYCON
16/SERIES...and now at such an
affordable price!

The overwhelming accep-
tance of the AYDIN original Model
5216 allows us to offer an en-
hanced version of this field-proven
unit. Check this unmatched com-
bination of systems/hardware
features available with the
AYCON 16/SERIES:

® Upto 1024 x 1024 pixelx 16 bit
(Z-axis) color display.

® Refresh at up to 60Hz.

® A variety of video modules.

® Characters in three sizes.

® \ectors at 800 ns per pixel.

® 80 x 48 character A/N overlay.

® Multiple 16-bit micro’s. AYDIN
software oryou program them...
even up to 14!

® Single or multiple WORK-
STATIONS...up to four!

® High-resolution RGB monitors
- delta or in-line gun.

And when it comes to Software/

Firmware:

® Graphics Firmware with filland
zoom standard!

® AYGRAF/CORE 2-dimensional
Firmware/Software with World-
to-Screen translation, rotation,
and scaling..world coordinates
of 64K x 64K!

® Plus AYGRAF/3D, AYGRAF/
LIST, and support Software.

Butifallthisis not enough to
excite you, how about more eco-
nomy with standard PACKAGED

Aydin AAControls

SYSTEMS, single or multiple
WORKSTATION pre-engineered
forthe most common color display
applications?

If you're ready to fly with
your color graphics display appli-
cation, we can help you “get off the
ground” with a system to meet
your industrial, business, scientific
or commerical requirements.

Command Performance in Color Graphics
414 Commerce Drive, Fort Washington, PA 19034 (215) 542-7800, TWX: 510-661-0518 Telex:6851057

CIRCLE 39



92

to be precisely fixtured. Appearance control implies that
the object itself has a precisely predictable surface color-
ation and texture, or that the environment allows a pre-
dictable appearance to be created via structured
lighting. A few examples of level 1 problems include
material thickness gauging, shaft diameter measure-
ment, feature presence checking, foreign object detec-
tion, and label verification.

Level 2 problems are somewhat more difficult
because the object under scrutiny is uncontrollable in
either position or appearance, but not both simulta-
neously [Fig 1(b)]. Production problems illustrating
controllable appearance and variable position include
object location for robot guidance, part recognition and
sorting, and code reading.

Level 3 problems present the greatest challenge
because they involve simultaneous position and appear-
ance uncertainties [Fig 1(c)]. Machine vision technology
has only recently approached problems at this level.
Production examples include integrated circuit posi-
tioning, engine valve retainer inspection, character
reading, and limited bin picking.

Successful application of existing technology requires
balancing the cost of process changes necessary to con-
strain problem complexity with the cost of system
sophistication needed to overcome the existing problem
condition. Failure to achieve this balance can result in
systems that are unreliable or that fail to achieve cost
payback.

Available vision capabilities

Depending on the process to be controlled in the manu-
facturing environment, several approaches to machine
vision are available for object imaging. Current
approaches include binary image subtraction, window
and pixel counting, gray scale signature correlation, and
binary segmentation. Each approach has unique advan-
tages, as well as limitations, that must be collectively
weighed to effect a true solution to a manufacturing
problem. It may be that vision is not the correct solution
at all.

Binary image subtraction is perhaps the simplest
image recognition process today. It involves fundamen-
tal comparisons of light and dark images. An image
intensity value is selected from the brightness range of
the image to define a black/white threshold level. Pixels
(picture elements) darker than this level are set to black;
lighter pixels are set to white. The result is a silhouetted
binary image of the object.

A precisely positioned sample part is first viewed by
the vision system and its binary image is stored in com-
puter memory. Subsequent parts viewed by the system
are converted to binary images and subtracted from the
sample part image. The remaining pixels are counted
and the difference between the two images represents
the degree of error. This difference count is compared
with preset limits to produce an accept/reject decision.

Reliable results are possible only if the objects exhibit
random appearance and position variations that cause
count differences much less than those characteristic of
the defects or other differences to be detected. Lighting
must be carefully arranged and controlled to minimize
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unimportant count differences. This technique is useful
in high speed processes requiring a simple Yes-No or
Go-No Go decision. For instance, does the object have
one, two, or more holes?

Window and pixel counting is similar to the binary
image subtraction method and requires image thresh-
olding. A user-designated window is defined to enclose
the object or feature of interest. This window also sim-
plifies the scene by eliminating unimportant detail. The
number of black and white pixels included within the
interest window is counted, and the resulting count
compared with predetermined limits to recognize or
inspect a part.

Window and pixel counting does not require extensive
software design to be effective in factory situations. A
microcomputer is frequently used to implement the pro-
cess and tailor it to the specific application. Processing
speed is excellent. Some systems can be configured to
view 2000 windows in one frame time (1/30 s).

Simplicity of the binary process imposes limitations in
the factory environment. As mentioned, window and
pixel counting requires object representation with sim-
ple black/white count values. Objects, therefore, must
be presented to the camera in precisely the same position
and orientation so that features of interest do not shift
out of the predefined windows.

The same cautions for binary image subtraction apply
when implementing the window and pixel count
method. Environment must be strictly controlled to pro-
duce repeatability. Lighting, part orientation, color,
and random variations all affect accuracy. More com-
plex recognition functions require considerable software
development and operator programming experience. If
extended beyond very simple functions under highly
controlled conditions with objects of unvarying appear-
ance, window and pixel counting becomes decidedly
‘““unfriendly’’ to the user.

Gray scale signature correlation is a compression
technique that takes a generalized view of a scene based
on some universal factor (eg, size, shape, orientation)
and reduces the information to one numerical represen-
tation. Unlike thresholded systems and methods, the
digitized intensity of each pixel is retained as 1 of 16 or
more shades of gray.

Signature correlation has some attractive, if limited,
uses. It is a high speed process that is not data depen-
dent. Computation for each scene is fixed and decision
time is minimal. In fact, a frame takes the same time to
process whether or not it contains an object. This
approach has been applied to tasks such as label inspec-
tion where it can quickly check label registry or print
quality. It is also an economical way to recognize groups
of parts or objects by class, size, shape, or position, as
long as the scene is highly controlled. The hardware is
relatively inexpensive and simple. Since scene signatures
require minimal storage, a large memory is not required.

Binary image segmentation development represented
a breakthrough in 1974 and is attributed to Gleason and
Agin of SRI International.3 This popular technique
reduces a thresholded image to a group of region
descriptions. The image pixel rows are sequentially
scanned and transition points (where levels change from
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0 to 1 and from 1 to 0) are marked. From these transi-
tions, regions are developed through connectivity analy-
sis. As the regions are pulled out of the image, they are
reduced to a list of descriptors such as area, perimeter,
major and minor axis angles, hole count and area, and
several shape-defining measures. These rotationally
invariant descriptors represent an object regardless of
its position and orientation in the original scene.

A system using this technique can learn to recognize a
part by viewing a series of samples that represent the
range of normal part appearance and position varia-
tions. By converting the part descriptors to ranges based
on the sample set, a model of the part can be con-
structed. During recognition, the image of the part of
interest is reduced to a list of descriptors that are matched
to the stored models using either a binary decision tree
or a normalized nearest neighbor comparison.?

While this technique is powerful, it has significant
limitations. As with most other commercially available
techniques, it also assumes that the scene can be reduced
to a binary image. More important, though, it is still only
a 2-dimensional technique. It is quite capable of recog-
nizing silhouetted objects that vary widely in both posi-
tion and orientation within the image plane (X, Y, roll),
but variations in part presentation out of the image
plane (Z, pitch, yaw) destroy this approach’s effectiveness.

Applying the technology

Overall, the library of available techniques provides a
comprehensive set of solutions to a wide range of indus-
trial problems. It is important to remember that not all
machine vision companies can provide all of these tech-
niques. The user must find the vendor with a solution to

match the problem rather than letting any vendor twist a

problem to fit an existing solution.

The majority of vision related problems primarily fall
in two production areas: object recognition and inspec-
tion. Challenges encountered in successfully applying
available techniques to problems in the recognition area
especially strengthen the case for the development of
flexible solutions to market specific problems.

Object recognition is a process that classifies a part or
feature as different from the others in a set. The items to
be classified might be castings traveling down a con-
veyor belt, holes in a stamped sheet metal shroud, or
automotive trim hanging from a hook and ready to be
painted. Many vision techniques could be applied to
object recognition if all parts could be fixtured, their
appearance controlled, and any problem reduced to
level 1. Unfortunately, most industrial tasks involving
recognition present parts in an unfixtured state. It is for-
tunate, though, that the industrial environment often
allows the appearance of objects or features to be highly
controlled through structured lighting. Binary image
segmentation is the most useful technique for level 2
object recognition.

In the production environment, the finishing (painting)
industry is attempting to accelerate the cost-effective
application of spraying robots and programmable recip-
rocators. To make full use of the flexibility of these
devices and eliminate the need to batch process, a gen-
eral part recognition capability is required. Some past
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attempts to automate this task have failed due to the
complexity and inflexibility of limit switch or photocell
systems that can recognize large part mixes. Machine
vision via segmentation is a capable solution to the
problem (Fig 2).

Fig 2 Binary image segmentation applies well to the part
identification problem for paint robot control in level 2.
Visual automation allows the user to randomly mix part
types and colors, thus avoiding batch production
inefficiency. The challenge of this application was to make
the vision system as flexible and as ‘‘user friendly’’ as the
robot.

For many reasons, the segmentation process works.
First, finishing conveyor systems typically carry parts
hanging from hooks, thus allowing backlighting tech-
niques to create the necessary high part contrast. Sec-
ond, the segmentation process’s immunity to absolute
part position and orientation accommodates the swinging
so common with hanging parts. Key statistics about an
object necessary for recognition are accumulated by the
computer through a simple teach-by-showing operation.
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