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SUMMARY

1. With electronics already critical for development, advances in micro- '
electronics, especially microprocessors, make developing countries involveme t inr
microelectronics revolution inevitable. Many of the products and processes
used in developing countries will contain microprocessors in the future,requiring
at a minimum, the capability on the part of the operators to use and main them in
appropriate systems. In additior, recent advances in microprocassors have
given this technclogy precisely those characteristies that make it appro-
priate for use in developing cowntries. By putting the computing power of

a large main-frame computer on a chip costing just a few dollars, by making
these chips cheap and easy to use, and with skill requirements predomiravtly

in softwar. programming capability, microprocessor utilization comes well

within the reach of developing countries. The microprocessor bas
opened the door to a vast array of needed applications, applications which

can help overcome one of the greatest problems of developing econcmies " the
shortage of trained middle level technicians and analysts. By training
people to be skilled in identifying applications and in designing the nec-
essary software, developing countries ran generate an enormous multiplier
effect in the skills area. Contrary to some of the conventional wisdom,
micruptcces=ors can actually work to the comparative advantagc of the de-
velopinz countries .

2. Developing countries should be looking to this area of electronics rather
than attempting to tread the path clready .aken by the countries of South
East Asia. It would be a major error to try to compete in mature sectors
such as television, radio or calculatrrs, or in thos: fields dominated by
capital-intensive, closely controlled production systems, such as video
cassettes.

3. In contrast, simpler microprocessor-based information and control pro-
ducts have a number of very desirable features. They can be made cheaply
from standard, off-the-shalf components which can then be customized by the
user. Products can be very reliable, less sensitive to harsh environments
and hard use, more serviceable and smaller. These products are easier to
develop and easier to expand modularly, and they are better able to with-
stand inadequacies in other systems, skills and materials. They facilitate
small scale decentralized operations. They should not be confused with

wmore complex information processing systems such as the small personal or
handheld computers, which are more demanding of techmical skills in their
use. A xey insight {s to recognize that in the microprocessor the high tech-
nology is put in by the manufacturer; their use requires relatively low skills.

4. It is ensentiesl that developing countries gain control over this appro-

p-iate techzology in time to cope with the inevitable involvement, however
reluctanz, which will be induced by imported proc ..ts. Even more signifi-

cant 1is the opportunity to control the applications of microprocessors in
déveloping countries and to use them advantageously as a means to develoo indigenous
economies. The appendix to this paper describes several illuminating examples of
products that can be manufacturel using microprocessors which can have dramatic
consequences in such sectors as industry, emergy, transportat‘on, food pro-
cessing, agriculture and health care. HRowever, these suggested applications
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since they still reflect developed country experience, do

not scratcn the surface of th: poteantial applicatiocns that this slectronics
automation revolution will make possible in developing sountries. By becoming
knowledgeable and involved in this advanced, but easily :dopted,technology now,
“developing countries can leap-frog their current technolysy gap and land
positioned for the electronics world of the future.

s. The costs of adopting microprocessor technology ave relatively low.
Chips and other components continue to drop in price, and those neaded for
developing country applications tend to be of lower memory capacity &nd
therefore cheaper. Assembly costs will de less than with comparable non-
microprocessor electronics products, and sof:ware for relatively sizple de-
vices will tend to be inexpensive. The costs of developing expertise to
create software, to develop systems, and for maintenance and service are
wot prohibitive, and have loug-term payoff in upgrading skills. An educa-
tional and coremmications infrastructure will be n2cessary to build this

6. The strategies recommended for facilitating the use of microprocessor-
based products and processes in developing countries are primarily bottom-up
br user pull, relying on carefully fdentified user needs and current prac-
tices.wvithin existing applications, later extending to less familiar domains.
The approach would be to build out from existing institutions, programmes

and expertize, while linking to relevant technology suppliers and to mamu-
“facturers in other developing as well as develcped countries in possible joint
ventures. The goals would be to build up self-sustaining capacity through
training of trainers, accumulation of experience and confidence among users
through model applications, and a rapidly accelerating seconu phase large
scale effort to maintain timely advantage in a rapidly-developing technology.
A suggested agenda for achieving these goals is outlined.

These strategies rust be pursued with a full awarensss of the difficulties,
costs, (iz? requirements and the political and broad economic implicaticns as
well as the benefits and opportunities. In particular develovning countries must
ensure that programmes to be carried out will provide them with the sought-for
benefits without entrapping them into conditinns of costly dependency.




1. ELECTRONICS IN DEVELOPING COUNTRIES

7. Already of central and accelerating importance in every aspect of
1ife in the developed countries, electronics is destined to be one

of the determining factors in the rate of expansion in developing
countries Inevitably, development will bdbring with it increased involve-
pent vith products and systems utilizing advanced electronics—in
industry, transportation, health, agriculture, the village, the howe;
and every other sphere of social endesavour. Some parts of this
involvement vill be induced without choice. Automobiles, machine toals,
consumer products, information processing systems and much eise that ve
use and do nov comntain such electronics and these will become even
more electronics-intensive in the future. The expsnded use of such pro-
ducts, processs’ and systems requires developing couritries to have the
capacity to be in full control of how they are developed or selected,
and to ensure their proper use and maintenance. Thiz demands the
build-up of a trained capacity and infrastructure.

8. Beyond this :Lnduced effect, mjor au’.onomcus opportunities for en-
hanced development will hecome available through the application of ad-
vanced microelectronics. New and improved products and processes will
become avaiiable to better utilize such scarce resources as capital,
energy, materials and hign-skill labour, so vital to industry, trans-
portation, agriculture and other key sectors. Also, the opportunity

to eanter into production i: new technology fields snd/or at low scale
vill become possible for developing countries through the exploitation of
microelectronics technologies which permi: better process optimization
and control, faster set-ups and change-ovars (allowing for efficient
small-lot production levels).

9. In the more developed, and even in some of the newly industrialized
countrias of South East Asia and Latin America, the capacity to exploit

this electronics revolution has grown on the shoulders of a tradition of

several decades of electronics manufacture and use.Developing countries technolog-
ical position .in electronics is far less favourable. 2y contrast, a re-

cent ESCAP survey of electronics in Sovth East Asiz evidenced a growing

capacity for the maaufacture of electronics components and products (but

not in microelectronics applications), in nations as varied as Bangladesh,
Thailand, Malaysia, Singapore and Pakistan. A comparable technology base

is lacking in many developing countries, but the mature of technological development
in microelectronics in recent years has made it more feasible to enter the field

at this time than at any previous print since its inception. The technolog

has become easier and cheaper to expioit at the application and user “evels.

10. Facing an explosive revolution in terms of the complexity and vari-

ety of zvailable microelectzonics componentry and systems, those who fail

to become involved now will face a much more difficult challenge in the

future and consequently, & much greater likelihood of finding themselves

locked into a condition of dependency. Those who do enter now wil) be

“auch better able to =zontrol the direction of technology development for

their own appropriate use and benefit. The implication for developing countries is
that stepe should be taken expeditiously to prepare for this new technology and
ensure their proper rols in microelectronics as an element in their sirategies

for technological development.




11. While this historic necessity for davelsping naticms o become
ately invo

ceaningfully sand appropr-i
self-evident, the nature of such is too frequently
misunderstood. It is simply not true that any kind of involvement in
electrenics technology is "a step in the right direction™. To the
contrary, it is easy to fall into the trap of setting up insppropriate
electronics sectors. MNore specifically, certain mations do not need
to reproduce the electronics development pattern of developed or of
other developing countries.

B
E

12. Electronics in its various forms and spplications plays a large
end growing role in our societies; in communications, entertainment,
education, industry, increasingly in agxiculture, etc. Naturally,
netions are concerned with questions of control and of self-reliance
vith respect to these aress. Because of the large potential scale,
there are also concerns,. about the large outflow of precious -

foreign currencies to acquire the needed products. Unfort mately,
the resulting import substitution strategies and the often associated
protectionism has had less than fortunate outcomes in many (though
cot all) cases. The large scales involved are also vieved as great
dpvortunities for employment, given the high labour conteant up till
recently (but much less so now), and as export potentisls with big
value-added content. - Such perspectives have provided a good basis
for strategies for some nations at some points in time, in some areas
of electronics. For others, they lead to a waste of resources and to
ineffective, even totally impractical, strategies.

13. It is reccmmended that developing covntries should not,with some excep-
tions, set up plants to manufacture products that must be manufactured

in closzly ¢eontrolled plants to meet the cost and quality standards

needed for ip.e national competitiveness, where the rates of change in
technology arw discouraging to a potential new entrant, and where well-
entrenchod cometitors enjoy substantial market and production advan-

tages. Such areas include electronics products and cowponents as video
cassette decks, complex calculators, integrated circuits, microprocessors,
etc., that are currently manufactured in large volumes in Japan, the U.S., the
Republic ot Korea, Hong Kong and various other countries. Nor should they invest
heavily in highly matured areas (such as black and white TV, simple radios)
where cottage industries with easy access to cheap components can easily
outperform formali:zed industries as prnduct assemblers. Instead, they

should seek to enter fields that maximize their own comparative advantage,
their technological learning potential and their ability to serve their

own nacioral needs and those of their trading, regional and other partners.
Trne recent revolution in microelectronics provides developing countries with a
unique opportunity to leap—frog over their technological gap in electromics.

2. TEZ YICEOELECTRONICS REVOLUTIONM

14. In a matter of two or three decades, the electronics industry has
advanced 1ts technology from one that required mairy individual, rela-
tively large, costly and unreliable vacuum tubes wired up througt com-
plex, costly and unreliable circuitry to perform a given function; through
a stage in which the tubes were replaced by individual swmall and eventually
nmuch cheaper and more rellable transistors (these were to fall in price
from $130 to $1 by the late 1950's, in less than a decade); to the stage,




in the early 1960's, in vhich a large number of these individual tran-
sistor building blocks became integrated into logic blocks to bduild
suall and medium-scale integrated circuits. The change from vacuum
tubes to transistors enabled the industry to go from a developmental
(almost curiosity) phase of computer technology, to cowmercislly viable
large~-scale computer systems with acceptable down-time characteristics,
so spavring the main frame computer industry. It was this sesme level
of technology that enabled the $1,500 to $3,000 four-function electroanic
celculator to be developed in the mid-1960's ("too littlas for tco much”).
The small-scale integrated circuit was to bring down the cost of such
calculators to between $700 and $900, end launched the minicomputer and
computer machine controls industries.

15. Just about the time the medium-scale integration technology had run
its course, the very-large-scale integration using MOS or metal oxide
semiconductor technology came about. This technology allowed the inte-~
gration of entire functions into a single chip as used in the calculator,
the machine control, display controls, etc. Now, literally hundreds of
thousands of transistors could be integrated into a single chip to pro-
vide a functional block of a very complex nature, such as a calculator,
typewriter or CRT terminal controcl. The problem was that each one of

" these -special bufldimg blocks had a limited market because they were de-
signed for specific functions, not useful to everyone and therefore. the
vast reductions in price which came from economies of scale simply could
not take place. There was considerable concern in the industry at this
time as to how to achieve the volume needed to make this zechnology viable
and cost effective. '

16. In the early 1970's, a large-scale integration chip was introduced

that could be programmed to carry out an enormous variety of information
processing and control functions, be mass produced and therefore, undergo
tte so-called learning curve and the price reductions that result from

high tooling and high producticn. This was the Intel 4004 microprocessor.
The initial microprocessors had the snort-comings of all infant technologies.
They were slow, stupid and very difficult to work with and programme, but the
above cited advantages outweighed all ¢f their short-comings and produced
the microprocessor revolution. Since chen, microprocessors have steadily
become smaller, smarter, cheeper and easier to use. Coincidently, within

a couple of years the factory cost of a simple calculator fell to $4 or

$5 as the price of high volume, dedicated integrated circuits fell even
further.

17. Consumer products (such as gamee) ~ommercial products (such as.copiers
and word processors), and industrial controls (such as in machine tools),
are now at the same threshold stage with respect to applications possibil—
ities as was the semiconductor industry when very-large~scale integrated
chips were developed. It is now possible, with microprocesso.s, to build-
special purpoae products, machines and systems that can carry out an enor-
mous rznge of functions, and at a very reasonaible cost of development and
“production. And microprocessors are by no mesns the only area of signifi-
cant recent advaincea in microelectronics. Voice chips, optical electronics,
wvafer chips too small to assemble by hand, and muzh more, are adding to wn




arsenal of componentry that makes it possible to develop proiucts, pro-
cesses and systems vhich are very smart, easy to use and comparatively
cheap for what they do, most reliable even under adverse environmental
conditions, very fast, very flexible (they can be tailored to special
needs, built up in modular designs and stages, etc.), small, and also
low in energv consumation. Relatively speaking, such products and pro-
cesses are also cheap and easy to develop and produce (compared to pro-
ducts using discrete cowponen:s, for example). It is characteristics
such as thes2 that make modern microelectronics so attractive to pro-
ducers of virtually any kind of product. .It is these same features - that
make these new technologies especially "appropriate" for develcping
countries despite their "high technolog;" content.

18. The key insight is to recognize that the high technology is put
into the chips by the semicoandquctor manufacturer and vhat is passed on
to the user is simple and small. In this sense, it represents a fusion
or synthesis between the emphasis on "appropriate” or lov cast relevant
technology and advanced technologies. Though among the most advanced of
current technologies, the value of the currert "micro" end of the spec-~
rum of the electronics revolution is precisely that it permits the
velopee it of low-cost, small-scale, easy-to-use applications.

19. This must be contrasted with the situation at the other, or "macro”
end of the electronics spectrum, vhere the introduction >f large-scale,
computer-based systems into enterprises requires in the first place, the
setting up of a substantial infrastructure for training and technical
support for maintenance, repair and assistance in programming and appli-
cations, together with systems design studies, etc. In looking at the
applications of microprocesses, we are simply finding better ways to use
a very novel, but cheap, type of general purpose tool, into the design
of which a tremendous amount of research and development resources have
elresdy been poured .

20. Understanding this "counter-intuitive" nature of the microprocessor

in particular is important for achieving its full significance for

developing countries.The natural reaction that it must be inappropriate

in developing countries because it is high technology is just plain wrong.The world-
wide advent of the microprocessor is inevitable, but timing is critical i1if

the developing world is to harnmess and control it advantageously.

21. This tachnological revolution makes available a confusing plethora
of compoments, products and systems, giving the user the computational,
information handling and control capabilities of main-frame, large-memory
computers at a fraction of the cost. It is vital to distinguish among
thece, howaver., -~

22. Ar the "picro" level are the chips, the custom IC's, the micro-
processcrs that can be desigzned and programmed to perform certair spec-
ified functions, as components in some products. These integrated cir-
cuits are always used in conjunction with other components in a circuit
and it is in this "built-in" condition that they are interfaced with a
user (or with other elements of a larger system). Even a microprocessor
can be obtained as a single packzge or be an assembled multipackage of
processor-related components (a central processing unit, the CPU; an
arithmetic logic unit; time and control circuits; internal storage




registers). When a microprocessor is combined wirn the approprxacc men—
ories and input and output (I/0) ports, it hecomes a microcomputer.” Some
low end processors have combined a limited amount cf memory and 1/0 capa-
bility in the same package to effect a single chip microcomputer cystem.
A circuit design may include other kinds of chips (e.g., a voice chip) de-
pending on the anplication. Whatever the architecture, we aze still at
the chip or multi-component level, to be incorporated iut~ a device.

23. There is a wmajor shift in level from these micro systems to that of
the small personal and handhald computers, which we may call a small ‘macro
system. These small computers, word processors, etc., with their input
keyboards, CRT and printer output terminals, and whatever else they need,
may make use of a number of microprocessors to build up their required ca-
pacity. They are not to be confused with microprocessors or microcomputers,
but frequently are. Somewhere between these emall computers and micro-
processors and microcomputers lie single board computers, and some micro-
computers are capable of regeiving more than one prograrme software package.
The key difference, however, remains in the quality of the interaction
between the processor and the source of the information inputs, as discussed
above.

24. Itisalsc possiblc to have systems made up of a series of micro
and/or small computers linked together, feeding iato a main frame computer.
Such applications can facilitate th> integration of many decentralized
operations, each optimally planned and controlled and rationalized at

a central planning and control location.

25. This micro/macro difference in function level has critical implica-
tions for the types of applications involved, skills and infrastructure
required Jor development and use, and izpact generated. In general,

while tha development skills needed with respect to the incorporation

of microprocessors in products is high, that required for use of the
produc' v is low. By contrast, the personal computer comes as a ready-made
package, but demands a high level of use skill. In both caszes il

should be noted that the basic skills required ars those of programming
(vhich is becoming easier) and, most importantly, of understanding the
needed applications. As far as impact on productivity and employment

_ is concermed, the srenas will tend to be different. The microprocessor

impact is most 1ikly to be seen in production and processing /{in all
sectors, e.g., health, as well as industry), enhancing productivity
and reducing the need for intermediate level personnel (the semi-skilled
checkers, controllers, analysers, etc.) and not much, as has been claimed
by some, of the low skill level. If anything, the microprocessor is like-
ly to. provide developing countries with a comparative advantage viz-a-viz
developed couatries by helping to eliminate their shortage of semi-skilled
workers-—and by reducing the incidence of errors and other problems caused
by lcw-ekill labour-intensive operations.

26. The applications of microprocessors come embedded in free-standing

-products or sub-assemblies which are new or improved (less costly and

better performing). These are generally used to perform some productive,
control or informational process such as a smart machine tool or irriga-~
tion system; a product or material inspector or analyser functiom (e.g.,

*
Unfortunately, the term microconputer is sometimes also used in the industry
to refer to the small macro~ievel computers discussed in the next paragraph.
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a8 blood analyser); as a device to control conditioms in chemical or food
processing so as to achieve better optimizatior characteristics; or a de-
vice to control an automobile engine to enhance fuel coasumption under
varying conditions.

27. The impact of the small computer will be felt both in the office and
in macro planning, affecting mid-level clerical personnel as well as the
character of top level activities.

28. Often, the microprocessor must be used with a sensor or transduger
which supplies the input information. It has been said that the use of
the microprocessors will be limited in developing countr’es by the cost

of needed sensors. Even though there is some validity to this view in

the short term, and, for certain applications in developing countries

this may represent a limitation for some time to come, it misses two
critical points. First, transducers fall rapidly in price (through new
designs and higher volumes) once such new and wider applications become
possible. "his has already happened, for e..mple, for heart rate sen-
sors, and is likely to occur also for those sensors which have wide-spread
application only in developing countries. Second, and relatedly, for the
Jtype of sensing needed (which is determined by the designed microprocessor
function) very simple sensors can often be used to replace previously costly
ones. The same type of impact has been felt in other related areas of com-
ponentry (e.g., switches, power supplies, analog to digital converters)
where the nmicroprocessor revolution has triggered the development of new

- generations of microprocessor-compatible components. And finally, of
course, we should not expect to see microprocessors in wide-spread use

in every area where they could be used; only in those that pay.

29. The very rapid introduction of new microelectronics technologies,
the continuing fall in cowponent prices, the steady trend towards ever
smarter but easier to use devices are but stepping stones to the future.
We need onlv recall that it has taken little more than a decade zu go
from the 1X {thousand byte) mamory microprocessors to 64X and 256K var-
sions.,

30. For developing countiries the implicaiion is clear. Now is the time to build
awareness and sensitivity to the opportunities, to begin the real learning that
comes from actual involvement, to monitor developments, to develop and use

the capacity to cope with imported products containing advanced microelec-
tronics, .and to begin self-sustainable development and control of those

aspects of the technologies most appropriate to real needs and growing
resources.

31. In the next secticns some insight will be provided into the advantageas
and opporrumities of the currently most important elemert of the micro-
electronics revolution, the microprocessors, as well as, the economic, skilil,
and socfal considerations involved, leading to the elaboration of a strategy
for implementing this technology in developing countries.
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3. MICROPROCESSOR OPPORTUNITIES FOR DEVELOPING COUNTRIES

32. Microprocessors have a number of inherent advantages over other
types of ‘:lectronics that can perform similar functions and these need
to be recognized. .

s Standard {"off-the-shel?" i.e. low cost) microcomputer
hardware can be customized to perform virtually any
desired f.mction or coatrol any process. This by-passes
the need to be zble to develop numerous end costly (high
skill) custom designs made up of many connected individual
discrete components or to pay the very high "up-front"
costs of custom chips.

e Improved system reliability is another key advantage of
microcomputer systems. The individual integrated circuits,
such as the microprocessor, EPROM and RAM memory, and some
veripheral chips are quite complex and sophisticated.. Yet
they have been proven to be as reliable or more reliable
than some of the medium and large-scale integrated circu’ts
used in standard logic design. In the vast majority of
applications, the microcomputer system will have far fewer
components than that required for standard logic and there-

& fore, much higher reliability. The reduced number of compo-
nents reduces pover consumption ard power supply size vhich
also reduces power dissipation anéd heat generated. The end
result of fewer components is a smaller pnysical package.
VWaere previously several standard logic chassis were required,
£o% a siagle microcomputer chassi can effectively replace them.

e The ability to encapsulate "the works" when electro-mechanical
devices (e.g. & counter or a switz:i) are replaced with micro-
processor-based units greatly reduces the likelinood of .reax-
down through dust., corrosion, heat, misuse, poor maintenance,
etc., extrenmely common conditions in developing countries.

e Better serviceability and less maintenance when these are ner:ded
ar= gdditional advantages of microcomputers. Becauses ol Lue
reduced number of components and increased reliability, less
ceintenance is required. When a malfunction does occur. a soft-
wvare diagnostic programme can be used by the service tecmician

. to provide assistance in locating and isolating the fault to the
tcozzd level and sometimes to the individual chip level. Depsnd-
ing upon the application, it may be possible *n progrem an ua-
attended system to automatically run self-tests. Eoze of the
other software diagrostics may include the ability to test
controls and svitches, displays and indicator lights, etc.

* Another advantag= is easier field upgrading or expansion dus
to relatively easy expansion of modularized hardware, and the
flexibility *to reprogramme the software. The software
programme can be updated and new memories programmed without
affecting an operating instrument.




o Because the capacity of most microprocessors generally far
exceeds the demands put on them by a given application, once
such a chip has been incorporated, it can be made to perform
many more functions at very little increment in costs. This
low cost function expandability gives enormous flexibility and
opportunities for creative applications to the product or pro-
cess developer (or up-srader). One of the potentially very
useful add-on features for countries with shortages in skilled
service personnel is the ability to incorporate the av~ve men-
tioned self-diagnostics for the processor to check out the rest
of an electronics system.

o Shorter and e sier developmeat cycles are another advantage.
These are made possible by the use of the pre-engineered hardware
and modular programming. Modular programming by reduciung the
overall task to only that needed for simple replaceable mndules
which are functionai by themselves, makes it far easier to carry
out, hence reducing the training requirements. When a complex
product is required, the necessary modules may be inexpensively
linked together by a relatively small amount of custom software.

e The reduction in hardware componentry needed also has the impor-
tant effect of making it possible to have much sm:ller, even minia-
turized products. This makes it possible to develop small (and
often cheaper) units, well fitted to many small-scale operating
and process situations. ’

e The "cleverness" and spend of the microprocessor allows for the
compensation of major inadequacies in other systems, skills, con-
ditions or materials. Thus, microprocessors can make it possible,
through continuous compensatory adjustment, to use poor and vari-
able grade fuels in engines; or to obtain better efficiencies from
devices dependent on variable inputs such as wind and biogas; to con-
sider the development of very low cost hearing aids by using signal
modifications to cut down the noise and feedback inherent in low
prade audio receivers and transducers; to permit low skilled techni-~
cians to perform very difficult processes (e.g., cardio or chemical
purity analyses); and so on. These compensation-demanding condi-
tions are common in the Jdeveloping countries and in products and
systems used by them. A significant consequence is the enormous
potential for skill savings.

e Planning and optimization of large scale and complex systems (ip
transportation; linking farmers, storage and food processers; and
even across the units of integrated large operations, etc.) is
notoriously bad, even in developed countries. For the most part,
data inadequacies, changing conditions and incnmplete models have
limired the payoff from systems analysis and operations regearch
optimization cpproaches. Much more robust bouttotup models can
be developed in which microcomputers (and even minfcomputers) are
used to optimize local operations subject to input/output i{nforma-
tion received from a linked network of such processor controlled
units. This trend towards the use of a larger nuaber of linked




processors has become characteristic of leading edge Japanese fac-
tories. Developing country conditions make linked decentralized
structures far preferable to highly integrated and centralfzed
approaches, allowing for flexi{bility, modular and incremental
change, etc. Tn conjunction with telecommunicauions capacities
(another critical area for development), the micro and mini-com-
puters will play a major role in making a decentralized optimiza-—
ticon approach possible in natioral and even company planning.

e Finally, an aesthetic and psychological advantage lies in the
ability to create more attractiv. and less forbidding products,
which therefore seem more adoptable to ultimate users.

33. While the above—mentioned advantages portray tae benefit side of
the pi-ture, they alsn point to the limitations. Mi-roprocessors should
not be considered where these "advantages” provide no real value to the
producer or user. Nor should they be used where the economic and skill
dimensions to be discussed below are not favourable. Even though there
is an obvious advocacy dimension to this paper, it is not intended to
imply that microprocessors should be used wherever they can be used. 1t
therefore becomes a central aspect of any programme of training and sen-
sitization to create the awareness of when (and when not) to use which
type and how.

34, The microprocessor's capabilities and advantages have led product and
process manufacturers o incorporate them at an accelerating rate. Consumer
products, automobiles, machine tools, chemical processes, security devices
and many other products now contain chips in large quantities.. It will

soon be impossible to buy an automobile or a T.V. set without one. Like it
or not, developing countries will become users of such products and process~s.
The challenge is to become a good user.

35. This "induced" form of microprocessor technology demands several cop-
ing responses:

1. The personnel and systems in place to provide service (to auto-
mobiles, hospital equipment, consumer electronics, etc.) will
need to be changed (through retraining or new structures, as
appropriate). Experience in the develuped countries has shown
that the required transition is very difficult, but cannou be
avoided. Older service people have shown themgselves to be slow
to adapt and it has been necessary to develop innovative train-
ingz approaches to overcome this resistance. The use of video-
based programmed instruction/training has been shown to be effective.
Such a programme has been developed in the U.S. with Commerce
Department support by Northwestern University and adopted by the:
Electronics Industry Association. Besides training, service sys=
teus that allow for diagnostics and module replacement in the fiéld
are needed.

Microprocessor servicing is not more difficult. In fact it
tends to be needed less often, and once understnod and pre-
pared for, it is usually easier. It 1s-just that it is dif-
ferent, and therefore can be frightening to those unfamiliar
with the technology, and who may for the first time find them-
selves dealing with a smart device (a computer).
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2. Even relatively standard imported products and processes may
allow the possibility of a substantial degree of tailoring
to needs, given the flexibility inherent ir tne micropro--
cessor, if the user is sufficiently knowledgeable about
capabilities to ask for or add such modifications.

36. There is a second type of induced involvement for developing countries
in the microprocessor revolution. This concerns the need to stay com-

petitive and cost-e:rfective in some of the products, processes and systems
currently being prodnced in developing countries for both domestic and export

markets,or likely to be in %he future. Again there will be little choice if the
incorporation of microprocessors becomes the standard in those particular

applications. Without them, the combination of needed features, costs and
performance would simply be unattiainable in many cases. This would be as
true for exports to other developing as to advanced country markets. In
this case, the skill requirements would have co be of the product develop-
ment and production varieties. The same situation would apply where there
are joint ventures with foreign firms utilizing the microprocessor in their
desigps. ' B A

37. More significant in the long run for developing countries will be those
“autonomous" applications developments that can enhance their development.

These can include products and processes to increase effectiveness and ef-

ficiency in all sectors within the economy, and also to open up new export

opportunities.

38. Providing a list of such applications presents a dilemma. The poten-
tial is almost unlimited, constrained only by experience to date and the
knowledge and imagination ¢ £ the developers and users. Appended to this
paper is such an illustrative list. It is given in the recognition that
the natural and proper skepticism of policy-makers demands such a ''show
me” list. The applications, described in the appendix, cover products,
orocesses and systems that have already been developed or conceived that
appear relevant for developing countries. They have been deliberately
selected so as to cover a wide spectrum of applications, products and pro-
cesses that can be used in one or other of the production, service or re-
source-providing sectors of the economy (such as manufacturing, chemicals,
food processing, agriculture, transporation, communications, energy, health
care delivery) as well as directly by consumers. .A number of cautions
must be expressed in considering such a list of illustrative applications:

1. lost important, and with primacy, it must be recognized that we

*  .are dealing with a set of technologies that approximate another
industrial revolution in the potential of their impact. The ap-
nlications that can be described today are likely to be as lim-
itad in concept as any that might have been described at the on-
set of previous technological revolutions. Even in developed
countries, only the surface of the applications potential has
been scratched so far. By the same token, just as it is pow obvi--
ous that it is impossible to develop a manufacturing industry with-
out certain metals and other materials, working and assembling and
testing capabilities, so equally will 1t be vital in the future to
have ia place the information processing capabilities of this tech-
nological era.
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2. The majority of existing applications have been developed, so
far, in the North and it is likely that very different patterms
of use will occur in the South, reflecting the different needs,
opporturities and resources. But these will only appear in
quantity when developing countries have built up a critical mass
of effort and experience with microprocessors. For now, most
applications will tend to be selected and tailored extensious
and coanversions from those that have appeared in those developed
nations that have bacome good users of microprocessors. It should
be noted that even in the North there is still great variation in
microprocessor applications capabilities with the U.S. aad Japan
well ahead of the few leaders in Europe; and that those nations
that are behind have become greatly concerned about the gap and
are making strenuvous efforts to close it. It is interesting to
think thar. a vigourous effort in developing countries could actually
result in the achievement of a position in the application of this

technology ahead of some countries normally (or one might say previously)

considerably developed.

3. The real expertize needed to describe applications should derive
from user-based and not microelectronics technology-based exper-
tize. The microelectronics expert's role is to sensitize the
user—-based product developer as to what can be done and then show
how to do it electronically, once the application has been spec-
ified. Naturally, therefore, a list of applications examples pro-
duced from a microelectronics perspective will be potentially sub-
ject to critical user questioning. The danger is that one becomes
diverted from a discussion of the essence of the technological op-
portunity to a critique of the particular application.

With these cautions in mind, the list of examples in the appendix has been
prepared as an attempt to create a level of awareness of the type and vari-
ety of presently conceivable applications.

4. RE&EIREMENTS FOR THE APPLICATION OF MICROPROCESSOR TECHNOLOGY IN
DEVELOPING COUNTRIES

39, It is vital to have a realistic picture of the cost and investment
parameters involved in the application of microorocesgsnrs.

40. The key elements of the cost structure involved in the development and
production processes are the costs of electronic componentry (the hardware)
and the subsequent assembly and testing costs; the costs of the programming
to provide the needed software; and the cost of the development systems that
-allow-the programming to be done. Finally, there are costs involved in main-
tenance and service. Some of these elements are quite volume sengitive.

1. Electronic materials (chips, memories, peripheral devices)
can cost in total anywhere from $3 to §75 at high volume
(over 7,000 - 10,000 units a year) up to from $20 to $200
or more (for volumes that go as low as 30~50 units per
year), depending,of course,on the application. To these
costs must be added non-electronics components (housing,
knobs, etc.) plus any needed sensors. It ifs to be kept
in mind that most developing country applications will
probably make use of the small memory 4 byte and 8 byte
microprocessors which are already very cheap rather than
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the newer and still more expensive 16 or 32 byte versions
(although even these become cheaper by the month).

A useful strategy for the small volume and the new user is
to identify chips that have been produced for larger volume
users and therefore available at very low cost. The great
flexibility of the microprocessor (if properly selected) en-
ables a different user to customize in ways that can make it
very appropriate for his application. Wnile this is not al-
ways possible, it frequently is. Here again, traditional -
ideas which assume that advanced components from developed
countries will not be appropriate for developing on2s proves
to be invalid.

Finally, with respect to materials costs, going from an electro-
mechanical or purely mechanical device, for example mechanical
control devices and switches, to a1 equivalent electronic de-
vice will, frequently result in a materials cost saving; and

the electronic device will usually also be more effective and
capable of more functions.

Assembly costs, the main part of electronics manufacturing
vary with the size and complexity of the application. But
given the smaller number of components to be assemb’.2d, it
will genaerally be cheaper to produce a microprocessor-based
product than an equivalent alternative electronic device.

Software cost will also vary with programme complexity. but
rules of thumb currently being used in the U.S. are $10,000

to $75,000 for a 4,000 word program, and up to 5 or 6 times that
for large programmes in the 16,000 word range. 1t is likely
that prograaming costs will be much lower in developing
countries once the capacity exists. For example, several of

the tore advanced developing countries have shown themsalves

to be extremely competitive in software develr-~meat and ex-

port programmes. Therefore, these costs couv’ onsider-
ably reduced. Volume again is a factor b le up~Iruuti
programming costs must be spread over the . of products

produced. Since, however, most developing :ouniry applica-
tions at this time woula have smallexr programming require-
ments (probably the $15-30,000 range), the cost-per-unit at
even modest volume levels would generally be acceptable.

The trends in software costs should also be noted. On the

one hand, the percentage of software costs in total elec-
tronic systems devalopmect costs has been going up steadily
from about 20%Z in 1955 to about 80Z now. At the same time,
programming for microprocessors is becoming continually easier
and more efficient, especially for the smaller 8 byte units.
The costs for a devaloping country to consider in software must
include not only those of design, development, debugging, docu-
mentation, maintenance, etc., on specific projects, but also




those of elucation. From a national planning perspective it

is vital to understand that in microprocessor development the
key skills needed, once the applications have been identified,
are those for the creation of software. This could give devel-
oping countries a significant comparative advantage.

4. To carry out the development work it is necessary to invest
in a microprocessor development system, together with cer-
tain supplementary devices. These can then be used for a wide’
variety of applications. The cost of such a "tool kit" will
vary from $15,000 to 350,000.

5. Maintenance and service costs should be low in comparison with
equivalent products and processes. There will be a special
cost to retrain people and develop appropriate support infra-
structures to cope with microprocessor based systems. If these
are not provided for, however, the costs can be severe, since
it is just not possible to "fix" units without the necessary
knowledge.

41. The skill requirements for implementing microprocessors are of four
main types. The first concerns the areas of need identification ana ap-
plications specification. Where can microprocessor-based products be

used most effectively, and with what performance, maintenance and ncces-
sary costs characteristics? This information can only come from those sen-
sitized to the potential of the micrcprocessor but also expert in user needs
and conditions. The second type of skill, and the predominant one needed
for development, is software development, but linking into the production
process. Since the products, process and systems that result have rather
different characceristics from those familiar to users, it is necessary

to develop the incentives for, promote adoption of, and assist the user

to accept the new products and methods; and then to ~ :lp the user to put
the expanded capacity to its fullest and most cost - fective use. Finally,
as has been statad, it is necessary to develop the skills needed for ser-—
vice, mainterance and repair.

42. 1t follows from the above that cne precondition for establishing
this technology is the putting in place of a sensitizing and training
process and the development of structures that can produce the needed
combinations of skills. One possible approach to be considered would be
the construction of user-microelectrorics expert teams across a variety
of applicaticns areas. These teams should be linked in applications net-
works, by substantive area, regionally and globally. Such networks should
also have available the assistance of more specialized teams of technology
and applicariong experts. It will also be vital to develop the appro-
priate zerhodologies and structures necessary to be able to carry out the
planned prograrmes. Involved here would be the creation of a data and
dissemination system, including a library and a data base to maintain,
collect aad disseminate information relevant to various microprocesscr

“applications in developing countries. The library should include information
on the .




latest technical developments, newly identified opportunities, locations
of skills, etc., as well as basic infornation about micioelectronics tech-
nology. A special emphasis would need to be placed on disseminating the
technical and educational materials widely to faciliate diffusion.

5. STRATEGIES FOR IMPLEMENTATION

A. General Strategies

43. The strategies for implementing programmes to stimulate and fac{litate
the appropriate use of microprocessor-based products and processes {developing
countries and for building the infrastructure o maintain and improve them
must necessarily reflect the wide variation in the likely applications.
Nevertheless, certain general principiea should be followed:

1. St:ategies should begin by being essentially bottom or practice-
up.  As appropriate, the programmes should begin with
well-identified microprocessor-candidate user needs and current
practices, or with such products and processes that are. already
in use or being locally produced. The strategy should be one of
first incorporating microprocessors into existing products, pro-
cesses and applications where these can enhance use, improve
quality or reliability, cut costs, etc. Only when the first in-
corporation and adaptation steps have been successfuily launched,
should attention then be turned to expanding the role of the micro-
processo.’, significantly within existing applications and irto new
applications that require more radical chinges in practice.

This user and current practice "pull" strategy is much to be pre-
ferred over one that requires adopters to accept new, technology
driven products and processes. The normal failure rate for "new"
products and processes is so high that it would likely retard the
implemenzation programme for reasons that had nothing to do with

the value of the microprocessor. Even such a conservative ap-
proach must be preceded by a substantial research program to iden-
tify existing practice and application targets. Requiring a com-
bination of user and practice-based as well as technology-based
expertise, the programme should work through existing firms, agri- -
cultural research and extension stations, health centers, power
generating and distributica authorities and other operating en-
titfes. Also, vherever possible, the approach should be to
"build-out”" from any institutions in developing countries that can be
identified g5 having already begun to work on the application of micro-
‘cessor and related microelectronic technologies. By the same

token, use should be made wherever possible, of existing (or new)
aational and regionai institutions in developing countries that have
the potential to play significant plannine, coordinatine and educational
roles in the programme. Such institutions may need to be strength-
ened in order to play these roles well.

These recummendations .imply that a first step should be to
begin with research snd study programmes to identify the
most desirable application opportunity sreas and the avail-
able resource base in various develooing countries.




2. Relately, it is c¢ssential to develop methodologiss for opti-
mally promoting and disseminating the programme, structurally
as well as operationally. A linked regional structure plus a
"learning and improving by doing" strategy (that moves through
a use, make, improve and innovate cycle) should be considered.

3. Every effort should be made to harness and exploit any appro-
priate souzces of technology assistance from other developing
countries (in a TCDC mode) as well as from developed nacioms.

In the former case note must be taken of the growirg level of
relevant expertise that has begun to appear in a number or coun-
tries in Southeast and South Asia, the Middle East and Latin
America. One firm offer to so assist developing countries on a
TCDC basis has already been communicated to this author and
others could unquestionably be obtained. Also, efforts should
be made to promote the exchange of experience between

developing nations through networking (personnel exchanges,
visits, newsletters, information banks).

In the developed country cases, it will be in the interest of

both microelectronics supplier firms and of manufacturers of

products and processes incorporating microprocessers to pro-

vide such assistance in order to expand their trade opportun- i
ities. Many of the firms interested in participating fall

into the medium to small size categories in their countries, :
i.e., they are not necessarily the huge multinationals. Some '
of these small and medium-sized product manufacturers may also

be excellent candidates for joint venture opportunities with

appropriate in developing countries.

Use should also be made of the skilled microprocessor applica-
tions engineering consultants to be found in various countries.
It is to be empnasized that this type of needed expertize is

very different from that needed for microprocessor design and
research and therefore much less likely tc be ound, for example,
in large electronics research establishments or in the electronics
and physics departments of developed country universities. In
contrast, the applied technology laboratories and research sta-
tions in both developed and developing countvies that have amis-
sions to improve products, processes and systems that are used
in industrial production, energy, tramsportation, health, agri-
cultur, construction, etc., are likely to be excellent sources
of information and technology. These sources are available in

a number . of countries and should be used.

4, The programme must build up a self-sustaining capacity through
lagged but concurrent efforts utilizing:

e Training . The obfective should. for the most part.

be on training the trainers, and will need to focus
on microelectronics applications opportunities. This
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will include the design and use requirements, — e.g., how
the microprocessor functions in different product systems,
softvare development requirements, interfacing needs, tran—
ducers, power sources, examples of applications and cost/
benefit consideraticns: the types and characteristics of
microcelectronics available; maintenance and service; tech—
nology trends and future opportunities; wethods and ap-
proaches for successfully introducing and diffusing appli-
cations (i.e., on how to train users). Training periods of
4 to 9 months (depending on prior experience) will be needed.
Ideal candidates will be electrical or electronic engineers
or others with some technical plus programming backgrounds.

The build-up of experience and corfidence among users as well
as producers tkrough selective model applications in each
country. These model areas should be selected according to
criteria such as the following: 1) Several different sc :tors
(such as industrial, transportation, agricultural, food pro—-
cessing, health) should be involved. 2) The applications
should illustrate the variety of types of involvements, such as:

— Incorporation in applications that deal with a local need
or problem (e.g., a food storage control application). The
examples, which should be modest in scope, should be selected
to take advantage of already existing and well functioning
delivery systems.

— Incorporation into products (including some modest product
expansion) already being produced for domestic and/or export
markets. The objeztive here is to build on and to strengthen
an existing production base. This would be the ideal forum
for trying out some joint wentures. The approach to be used
with respect to promoting joint ventures should be to iden-
tify the potential partners in developing countries and in some
of the newly ‘ndustrializing and developed countries, aund
then in facilitating direct, two-way, firm-to-firm contacts.
Processes already exist to promote such arrangements and sev-
eral potential joint venture partners, as well as possihle
financing sources, have already begun to be identified.

— Develop or strengthen the service capability for imported
products that are beginning to contain microprocessors.
Since this will have to be done anyway, the objective will
be to "show the.way."

~.Initiate research activities at selected .ontres of ex.el-
lence that will focus on the development of new types of
applications not likely to be found ir the North but par-
ticularly relevant in developing countries. The objective here

would be to insure tae longer term integritv and independence
of the efforts.

The above criteria can be illustrated in the following matrix.
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Sectors
Type of ’ xndn-t Health Transportation
Iavolvessnt lhnhntung Agro l Food
1. ﬁobln Solvin;. 0.8, mu , mate new reduce
. or spo reduct services | breskdowns
2. Product Ea- e.g., Impro leatures —_ - E— .
hancemant Red coscs
3. Servicing Equipeent — - Con~ In hos- Autos
maincenance trols pital
equipment
I 4., BRasearch Mew products [nd procesdes Bew npplﬂrtim

The models selected should cover some appropriate mix of cells;
obviously not all. Also, the mix could be achieved on a regional
basis, each cowitry having some examples. The examples i{n the
cells are meant to be illustrative only.

5. Finally, it is important to pcint out the criticalness of timing.
Microelectronics is in a period of rapid development. Patterns
are being established now that will have long term implications.
It is essential that dereloping countries establish their stake in
the industry early enough to avoid being locked into a condition
of inappropriate dependency. Therefore, even though the strategy
being recommended calls for an initial modest and gradual learning
and capacity building phase, it will be vital for this to be fol-
lowed up by an accelerating and large scale effort, in a second
phase., Furthermore, it is importaant for efforts to begin quickly.

B. Specific Plans

Phase I. Introductory (12 months)

s Set up coordinating and planning structure

s Initiate an on-going research and study programme that will
begin with a survey of needs, resources (skills, institutfons,
firms, etc.), opportunities and constraints (such as social-
economic and institutional impediments). This information
should become input for a series of workshops and conferences
(probably regional) that would serve both to obtain national
commitments and to select an appropriate mix and allocation
of model pilot projects. It is recommended that even the larger
‘and more developed countries limit taemselves
at first to no more than 5 or 6 projects and fewer for small
nations. ‘

- v ——
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It will be necessary to provide initial training and to develop

methods for carrying out this needs assessment and resource sur-
veying phases. The research effort would then shift to the longer
‘term development aspect described above. .

e Once the pilot applications areas have been established, train-
ing should begin on a limited scale to:

- sensitize policy-makers at the goverrment and in;ciCutlonal
levels; ..

.— sensitize users, extension personnel, etc., to potential ap-
plications and zpproaches in the selected areas;

- develop the capacity of those persons who will become the
microprocessor application engineers on the initially selected
pilot applications, and then the trainee of others;

~ begin to develop the capacity of researchers such as university
faculty to work in this area.

The above training programmes should be carried out in‘devalop1ng
countries and in the- technology source countries.

» Develop methodologies.

e Initiate pilot programmes. This should be done in steps, begin-
ning with one or two projects, gradually feeding in the others
over phases I and II.

e Conduct a Phase I evaluation and hold conference(s) to review.
results.

Phase II1. Intensification of Capacity Buildigg (13 to 24 months)
e Expand training efforts, now using those trained in Phase I.

¢ Intensify project activities -- all pilot projects under-way.
o Launch expanded research efforts.

s Set up data and discemination systems.

‘e Begin exchange efforts among countries and regions.

¢ Phase II evaluation.

Phase III. On-going (3 to 5 years)

Expanded programmes of training, projects, research, joint ventures.
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At this time only phases I and II are beirg proposed, and even these

two phiases could be 2dopted cequentially. A possible programme plan

is shoun below.

Phase I
1. Set up structuze 2
2. T-itial training 1 3
3. Survey 2 3
4. Decision-making «
conferences
S. Plot programme '
training 7 12
6. Develop methodologies 10
7. Initial pilot pro- 8 12
grammes
8. Phase I evaluation 11 12
*
9. Conference :
3 6. 9 12
. ' _ ' months
(Note: Items 5, 6 and 7 are highly interactive )
Phase II
10. Expand training
11. Intensification
22
of projects
12. Launch expanded
15
research
13. Data. & dissemina- 15
tion systcems
14. Exchange efforts 18
15. Evaluation 22
12 15 18 21 24
‘ months

C. A Caution

44, Some final words of caution.are called for. First, this programme cannot
be successfully pursued in a half-hearted manner. Substantial capacity buihding
is implied, and this will callsfor providing substantial training to some f the
most talented and skilled of developing countries personnel. It is easy (and
dangerous);in this field to become lulled into believing that a superficial
technical capability is sufficient for embarking upon a programme.This issus relate:
to the second caution.The programme nust be built on a self-gustaining and growth-
inherent capability.Otherwise developing countries will find themselves once again
locked into a comdition of dependency as the technologies continue to advance.
Finally, and again relatedly, it must be recognized that while a programme in
this field requires building a relation with the technologv source firms from
the North, these will have to be on a carefully designed and monitored mutual-

benefit basis. Any strategies will need to give explicit consideration to this
quaestion.
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APPENDIX: DEVELOPING COUNTRY MICROPROCESSOR APPLICATIONS

Induscrial Process Control

This is a very broad field, covering, among other functions, materials
testing, quality control monitoring of parts and finished assembled goods,
automation of manufacturing steps in a facto:zy, and testing of assemblies
and products. Appropriate applications of microcouputer technology allous
cne to be more cost competitive and increases product quality.

There are numerous examples of applications. Among the possible ex-
amples are:

1. It is necessary to monitor and correct the amount of carbon, nitrogen,
sulphurand other elements in each batch of iron or steel produced,
while it is molten. The equipment now available to precisely control
the quality of steel produced in developed country foundries is expen-
sive and difficult to operate. However, it is possible to develop an
inexpensive, simpler microprocessor-based system using slightly less
accurate techniques which would nevertheless fit the needs of countries
with iron foundries.

2. In developing countries. circult board rejection is a problem in elec-
tronics mauufacturing, out currently available testing equipment is
expensive and costly to maintain. The alternative has been large num-
bers of skilled technicians to monitor and repair the boards. Micro-
processor-tased functional testers at a third the cost of parametric
testers have been developed and would be relevant in developing coun-
tries.

3. 1In any chemical or blochemical industrial process, _he microprocessor
can achieve finer and more continuous process control (as comparad to
processes requiring human monitoring and control) so allowing for local
optimization at various stages and locations in the process. These can
then be linked together to achieve much higher total process yields.

Erergy

1. Solar, wind, water and waste-heat based systems. Microprocessor ap-
plications to this area include efficiency monitoring and weather
monitoring so that backup energy needs can be estimated before they
are actually needed. These and similar energy systems often used at
the village level in developirig countries lend themselves to many
microprocassor applications.

(a) For example, user-owned generating systems using wind, water,
waste heat, etc., are usually only capable of generating power
on a part-time or part~load basis and power from a central gen-
erating station must be frequently connected and disconnected
and constantly monitored by skilled personnel. Microprocessor
controls can provide voltage and phase syncronization with the
central generating station to allow uninterrupted transistion
between local and central power, partial load allotment to each
system, and automatic pumping of power into the local network.
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(b) Small village generating systems have no peak demand sharing con-
nection with a power grid and therefore must either run a large
spinning reserve to handle short-term peak loads, a wasteful, ex-
pensive method, or suffer frequent black-ocuts whenever
an unexpected peak load is placed on the system. A microprocessor-
based system can control loads at each location, distribute loads,
and cut power to non—essential users on a priority basis.

(e) The generation of electrical energy requires the use of either in-
ternal or external combusion engines whose efficiency is less than
35 per cent; two-thirds of the energy is pumped into the atmosphere
as waste heat. Microprocessor-based systems could recapture, con-
trol and distribute this energy for use.

() Windmills. Microprocessors can be used to control the angle of
the blade in response to shifting wind directions to greatly in-
crease efficiency.

2. Possil fuels. Fuel consumption and efficiency are the two major areas
of techuological impact. Numerous microprocessor-based systems exist
to monitor conditions and control the mix for efficient gasoline usage
in automobiles; to allow use of lower grade fuels in automobiles, etc.
Highly sophisticated microprocessor systems monitor and control pipe-
1lines and nther distribution systems. Monitoring and control of motors
to increase fuel efficiency is another important application of micro-
processor technology.

3. Nuclear energy. Safety is the major issue with nuclear technology.
' Microprocessor technology can be applied to allow the use of "fafl-
safe" techuiques and monitoring. This implies that less skilled
personnel might ¢ used and still maintain a good safety margin.

Transpvortation Svstems and Products

General applications to this sector include monitoring cf fuel effi-
ciency and consumption, monitoring and control of railway systems, and
monitoring of airport systems. Some specific examples follows:

1. Trains suffer inefficiencies and damage due to differences in accel-~
eration and braking tractions of the various wheels. Microprocessor-
controlled traction feedback for each axle can solve the problem.

2. Newly rrained drivers are prone to causing accidents such as backing
trucks into walls, taking trattors over cliffs, etc. Signalling de~
vices can be developed to warn of such impending dangers.

3. Water transportation and fishing can be made less dangerous by prov d-
ing toats with depth calculators which can determine the rate of cnange
of depth.
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Products that can be used in the agriculturs, dairying and food processing

sectors. .
) 1. Hicroprocessors are used for sprinkler control in irrigatiom, to reg-
{ ulate the timing and fiow rate of water and to control the wheels of

movable systems so they water a programmed area evenly.

2. Milk collection, handling, pasteurization ard storage require skilled
personael in order to produca high quality, safe milk with a low rate
.of spoilage. In developing countries, trained per3onnel are still in
short supply. This problem can be circumvented by using microprocessors
in many phases of a milk-processing or pasteurization system. All func-
tions, including system cleaning and saanitizing, can be contiolled by
microprocessoss. While this type of automatic handling has been avail-
able in the United States, it does not incorporate microprocessor tech-
nology and is unsuitable in its present form from developing countries.

3. Microprocessors also can be used in monitoring and control functions in
the milking process. Among the technologies avalilable are the follow-
ing: , ’

(a) Stall sensors to control warm water to the udder tc increase
milk production.

(b} Sensors to measure the amount and richness of.milk, as the cow
is being milked and also when milk is brought in for marketing.

4. Prevention of spoilage dufing food storage. Spoilage is an ever-pre-
‘sent problem where grain and other foods are being transported, stored
and processed, and the problem is exacerbated in tropical countries.

Several.examples of available microprocessor applicatiéns in this im-
portant area may be cited:

(a) High moisture content in grains causes spollage and can make pro-
cessing difficult even if spoilage i< not a factor. Using a
microprocessor-controlled tester, tit . grain can be pretested for
moisture by even an unskilled user. Grain testers now on the
market are difficult to use, expensive and fnaccurate because
they do not take into account all of the variables involved.

(b) when large quantities of grain are stored, they are shifted fre-
quently from bin to bin to prevent heat bulldup and rapid spoilage.
‘The act of shifting causes abrasion cf the grain which in turn may:
promote spollage. The shifting operation is generally based eithaf
on the operator's ''best guess" judgment, or on temperature readings
taken from thermocouple cables in the grain which are often inaccur=-
ate. A microprocessor-based control can read out, store, compare-
with past readings and ambient change, and then automatically shift
the grain. The advantages would be minimum grain abrasion and -
spoilage and minimum energy usage in shifting the grain from bin
to bin.
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{c) Cans used for food storage musi be cvated inside with a plastic
or enamel glaze. The integrity of the coating must be checked
before the container is filled in order to prevent spoilage.
Automatic testers using microprocessors are being developed in
the U.S. A simple, easy-to—use enamel rater, controlled by a
microprocessor, is needed for use and possible manufacture in
foreign countries.

Process and food quality monitoring ard control. Already, such pzo-
cesses as pasteurization, canning, and cooking are benefitting from
ricroprocessor technology. Better quality and more consistent yields
are obtained. Such functions as temperature, timing, humidity and
roisture content can be monitored and controlled relatively simply.
This is likely to especially critical for certain bio~technology ap-
plications, such as in fermentation processes.

Testers can also be developed to determine the quality of products
brought to market (milk has been mentioned; the wuisture content of
rice is another) and also to then calculate the rates that should be
paido *

Control systems that can monitor critical water parameters in fish ponds
can be used to increase yields.

Products that can help to improve the delivery of health and medical services.

Automation of many health and medical functions, already possible with

today's microprocessor technology, allows for more efficient use of trained
medical personnel and great cost savings. It can make sophisticated ser-
vices availabla even in areas where there is a shortage of trained personnel.
Among the areas where microprocessor-based automation relevant to developing
countries is possible are the following:

1.
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Patient monitoring and testing. Blood pressure, respiration, temperature,
pulse rate from a sensor in a fiijertip probe; heart monitoring from a
small device held to the chest; b.ood analyses; fetal monitors using ultra-

sonic sound.

Coutrol of life-support and other equipment. Heart-lung machines, res—
pirators and wheel chairs.

Automation of clinical laboratory equipment. Blood gas analysis, hematol-
ogy parameters, blood chemistry, cardiac parameters. X-ray enhancement .
equipwent to aid the reading-of X-ra, images.

!

Development 65 low-cost hearing aids.

Products to improve communications and education

in developing countries.

This last area is one of enormous, but as yet largely unexploited ﬁocéhrial
The mfcroprocessor makes possible the developmant of ..
low cost information networks that can provide for interactive and random access
communication systems that make possible vastly improved educational approaches,

and a variety of other improved information-based networks. The advances in
microelectronics have also made possible more efficient, more reliable and less

expensive telecommunications equipment and systems, and easier to do and cheaper

printing processes.







