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DIGIFAL COMDUIERG IN CONIROL SYSTEMS

by

C. Robert Wlieser

ABSTRACT

Contrary to the optimistic lmvlications of some porular re-
porting, large-scale digital computers are still in the development stage,
and thelir application is virtually unexplored. However, within the next
two decades computers will probably be applied to antomatic control
aysiems. .

Two types of control systems can use & high-gpreed digital computer.
In one tyme, control consists almost entirely of infcmation processing;
the logic is simple, the procedures are repetitive, and the mumber of
quantities controlled is very large. Examvles are: control of the cir..
culation of a weekly magazine with several million subscribers; keeping
insurance records; inventory control in a large cormpany; and military
logistics, '

The second type of probiem, which is based on mich more complex
logie, is control of seversl interdependent quantities. An example is
automatic control of air traffic, which would require computation of
control instructions for up to one hundred aireraft around a busy air-
port, Proper instructions for each aircraft would depend on the traffic
rules and the behavior of the other aircrafi. By scamning information
very rapidly the comouter should have a virtua.lly contimious grasp of
the behavior of the whole system.

A gigantic task of commuter development lies ahead, particularly
in improvement of reliability. Better vacuum tuhee anl components, as
well as the invention of new circult elements like the tramsistor, are
nesded from the electronicas industry.

The greatest impact of the computer on engineering is the ex-
pansion of the scope of antomatic control. The computer will make it
‘poeseible to control automatically not merely a few quantities but a
dynamic eituatlon.



DIGITAL COMPUTERS IK CONTROL SYSTEMS

by

C. R. Wiesmer

INTRODUCTION

Recently several articles on large-scale digital computing
machines have arpeared in newspapers and megazines, in which computers
are described as, "Glant Brains," "Mechanical  Brains", or "Machines That
Think", The purpose of this vaper ie to review the status of eich machines
and to try to predict their progress in the next two decades. Computers
show promise of expsnding the field of automatic control; therefore
emphasis will be on the commuteris place in enginsering rather than on
its design or the details of its operation.

Large-scale digitsl comwuters whrich contain over one thousand
vacuun tubes or relays are now in the early stages of development, and
the machines which have been completed are generally mogarded as experi--
mental. Application of comvuters is a large new field which go far has
only been "nidbdled at the edges" witrout any deep penetration. Control
applications are still in sn exploratory study stage.

Large-scale comratere have slready been used for sclentific
computation, such as compiiing tables of Bessel functions and mamerical
golution of difficult equations. However, the potential uses of the
dlgital machine extend far bdeyond the laboratory, and within the next
fifteen to tweniy years it will probably be apvlied to antomatic control.
1% is likely that such usge will be in systems which are now controlled
by groups of people.

URIQUE FEATURES OF DIGITAL COMPUTATION

Let us examine briefly the unique properties of digital computation
apd the wsy in which it differs from the more familiar process of analog
- computation. Apnalog computation, which is performed with devices much
a8 the ordinary slide rule, the differentisl apalyzer, or the network
analyzer, requires continuous measurement of physcial quantities within
a ecale model of a physicel syetem. Contrast this with the ordinary desk
calculator, which is a digital machine. In the digital machine, numbers
are subetituted for physicsl ‘measursments, and, eince digital commutation
is divorced from continmuons measurement, accuracy is limited only by the
number of significant figures available in the machirne.

The comparison of analog and digital techniques reveals another
important difference. The famililar analeg computers, such as network
analyzexrs, fire-control predictors, or bomb esights, are all specialigzed



devices. It is difficult to visialize an analog machine built of cams,
gears, and potentiometers which could be used to determine power szsyfztem
short-circuit currents and then quickly be shifted to the sclution o
bomb trajectories. On the other hand, the digital commter can be u
gencral-purpose machine which requiree no el teration of eleetiical or
mechanical connections when it is given a different type of problem. In
fact, a2 special-purpose digital machine 1s more complicated than 8
gennral«purpose machins.

The wederan elactronic computer, which represents oumbers hy
video electrical pulses, ie much faster than the older mechanical com-
paters. If we use as a yardstick routine calculation by a skilled
operator using a conventional desk calculator;, we find that the electromic
comoater can 4A¢ about the same amount of calculating in one mimite that
the human operator would do in a yesr-

The adaptability of the digital commuter is a result of ite
freedom from contimncus measurement and of the generality of the logic
bahind i1ts operation. The entire solution of the most complex of machine
orobleme is resolved intoc a controlled sequence of a few basic overations
such as "add", "eubtract®, "multiply", “transfer to storage®, or "compare®.
Theee baric operations, or control orderas, are the building blocks of
problem eolution, and thay can be combinad like the wire and relays of

& telephone exchange into a very complicated strueture.

The average number ¢f conirol ordera availabdble in a digital
com~uter is only about thirty, and the computer obeys them only cne at a
time. The concept of eolving complicated scientific probleme or operating
a very compler control system with sc few basic operatioms is difficult
to grasp; but ronasider the oumber of ideas expressed in all the Englieh
literaturs ir the world and remember that all thess ideag are expressad
by sequential arrangsments of only the twenty=six letters of our alphabet.

INFORMATION “ROCESSING

%0 far the digital comnuter has been diacussed as a computing
device, although this name with its usual connotations is o~ resiricted
for conkrol applications. It would be better to call the work of the
computer "information processing”.

Information processing can best bs understoed by visusgiizing a
hypothet.ical gprlication. Consider the task of controlling the cireula-
tion ¢f a magazine which is mailed weekly to ten million resders. Ap-
plications for nev subscriotions must be entered; renewals must be re-
corded; sabscriberg whose subscriptions are abrut to expire muel be
not/ified; lapsed mbseriptions must be renewed; and esles promotion
Jelters must be sent to groups of potential eubseribers claesified ac-
c.rding to, let us say. occupation. In addition; changes of address
rast be entered promptly. ‘



This is o gigantic bockkeeping problem, one in which mace
> production methoda of informatlon processing are an economic necepsity.
A large-scale digiial computer might very well handle such a system,which
is, in a broad sense, a control apvlication. Since the procedures ars
few and simple, only a few control orders are needed; however, & largs
amount of information must be stored or remembered.

: In the magezine problem, the computer competes with existing
methods only as a faster, cheaper way to control simple repetitive pro-
cedures. There are many similer applications; for example, keeping
records in an insurance company, processing census information, stock and
inventory control in a large company, and the largest of a.ll suprly
vroblems, military logistics.

COMPLFEX CONTROL SYSTEMS -

There is also a different class of control probleme in which
the logic is far more complex since the quantities controlled are inter-
dependent. Systeme of this tyme can be go corplex and require such faet
information processing that the digital commuter is more thean e competitor;
it anrears to be the only way out.

Coneider now an exarpls: the control of air traffic.

In planning for future air traffic control, Special Committes 31
of the Radic Technical Commission for Aeromgitics has recommended in
its official report the use of digital comruters. Since tris recommends-
tion was made, popular articles have arpeared which are misleading in
their implication that auntomatic air traffic contrml ie just around the
corner. The corner ig about fifteen to twenty yeers away and will be
rounded only after a great deal more atudy and development of boih computers
and theilr application. ¥Yet the commuter has the potentipl ability %o
control air traffic, and as air travel expands, the now overtaxed human
traffic controllere ars becoming more desperate, The jet airlinper will
probably be the straw that bresks the camel's back.

Imagine a hypothetical problem of automatically controllinmg up
to one hundred aircraft in the initial-approach 2zone of a btusy airport,
2 zone which might be one hundred miles in radius and forty thousand
feet high. Each aircraft must be given periodic imstructions which will
guide 1t along an efficlent route and ensure safe separation from all
other aircraft,,

From data on wind concitions, choice of rumwey, and flight
charscteristics of the aircraft, plus & knowledge of the pasitions of
all one mndred aircoraft, the computer would have to calculate prescribed
paths and schedules for esch aircraft on the basis of known traffie
rales. In this control system, the aircraft, pilot, radio pavigsticsn
aide, radio communications 1links, and computer are all component &l ements.
It is necassary that the computer receive control dats; comvute proper
instructione for all one hundred aircraft, snd transmit them to 21l air-
eraft once every few seconds in order %o maintain contimuity of conirel.



Convergzion equipment wili be necessary to translate meseure-
ments of alrcraft positions into numberg for the computer and to trang-
late rumerical control inetructions into proportional analog signals.
The development of euitable conversion equinment i3 a large Job which
hag Just barely begun. .

Programming the computation, or information vrocessing, for
alr traffic control can be thought of as the translation into computer
language of a complete mamual describmg the operation of the air traffic
control syestem. The term "complete" must be taken literally, since the
computer hae no imsgination and no originality, snd can only follow the
“explicit instructions given to it. '

The digital machine can carry cut any logical process that
a hamen controller carries out, provided that the human controller's
task cen be described completely by explicit instructions, and that all
decisions together with the basis for each dedision are completely and
explicitly descridbed.

In present~day traffic control, teams of men control large
zones (about the size of New England), and each szome is subdivided into
sectors whish are eaperviged by one man, Aircraft are given a clear
path through only one sector at a time, and this is a serious limita-
tion. It would be much more desirable to clear each aircraft for ite
entire fl1ight. At present this is not done because it would require a
prohibitive amount of comsmnication among controllers as they examine
adjacent sectore in search of a safe route. It is cheracteristic of
Imman organization that as the size of the group grows efficiency is
lost because of inter-communicatich difficulties.

Air traffic control {s a prodlem in information vrocessing,
and what is needed is the adility to see a complex situation as a whole.
Yhile the computer cannot sctually do thie st any instant, it hag the
advantage of being much faster than s group of people. The comruter's
reaction time is several orders of masgnitude faster than a man’s, end
in speed of intercommunication its superiority over & group of men is
even rmore impreesive. The commtier can scan the component pieces of
information which make up the system so rapidly that it is able to approxi-
nate & contimous grasp of the whole situation.

COORDINATION OF SYSTEM DESIGN

Control aprlicationeg require careful coordimation of system’
deslgn., The cverall system requirements will influence four major
characteristices of the computer: )
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1. Speed

2. Internsl storage or memory capacity
3. Reglster length

4, Relisbility.

Ag has been shown, high epeed is necessery in a complex gon-
trel application. The necessary internal stordge is determined by sach
particular application. In applications like the magazine distribution
system mentioned previously, the storage required would vrobably be so
groat that some chesp storage medium such ss magnetic tape or magnetic
drums would be desirable. The computing capacity of a digital machine
is roughly the product of ite storege capacity and 1ts speed; thia is
anglogous to the power rating of a motor, whrich 18 the product of torque
and speed.

Register length ~ the number of digite used to express s mumber
in the computer -~ can be short in control spplicaticns, only about one=-
half to one-third of the length nesded for scientifiec caleulation.

Reliability fe of great imporiance in conirol .aponlications,
1t is necessary for economical ovneration; and in systeme such as air
traffic control,may be necessery for persons]l safety. A good deal of
engineering work on reliability remains to be done on both cirecuite and
copponents. The addition of digital comruters to the growing field of
industrial electronices adds pressure to the demand for more relisble
vacuum tubes and circuit components. Also there is the need for in-
vantion and develovment of new circuit elements such as the transistor.

The introduction of the digital computer has a strong 1nfluence
an the design of the control syetem as a whele. The nsed for conversion
equipment to link physicel quantities and oumbers has already been men-
tioned. Another important characteristic of the digital computer is that
i1t does only cne thing at & time.. Whep incorporated into a control system
having multiple inputs or outputs, the computer is time shared; in other
words, the computer is time-divieion multiplexed, Time sharing 18 well
understood among commnications engineers, and this umderstanding must be
extended to the field of control engineering.

The development problems mentioned here are but a few of those

. which are known %o exisit, not to mention these which have not y2t been
encountered. There 18 already a need for more trained men to study applii-
.cations, and the computer applications engineer must be at home in several
fislds of engineering: communications, servomechanisms, and pulssd cir-
cults. He must also be able to obtain quickly & working knowledge of
the agpacific field to which the computer 1s to be applied.

The job of developing digital computnrs to the stage where
they are ready for commerciel use ig comparable in megnitude with ‘he
ef fort put into the war-time develovment of radar. Possidly computers,
liks rvadar, will experimnce an accelerated development for military use.



‘ The computer ‘s most profound influence on control enginecering
is the extension of our conceptis of what can be accomplished by auvtomatic
control, The speed and flexibility of the digital mechine, ite abilily
o "memorize" informaticn and correlate it, its ability to comtrol =u
gituation rather than a single quantity, have opened up possibiliiies
for entomatic systems which could not be controlled by any other known
maansg.



