
SCIENCE 
"WE A RE designing the factory of 
the year 2())()," explains Dr. Ehud 
Lenz. dean of the Faculty of Mecha­
nical Engineering at the Technion. 
"We feel that we must prepare 
ourselves for the future so that we 
can answer the questions when they 
are raised." 

In Lenz's vision. the factory of the 
future will consist of computerized 
manufacturing stations and carts to 
carry the parts from place to place. 
Robot arms will be used to transfer 
parts to and from the carts and 
computer vision will be used to per­
(orm inspections and maintain quali-
ty control. . 

The enttre factory. according to 
Lenz, will be controlled from a cen­
tral computer. Engineers will use 
this central "host" to design new 
parts and assembly procedures, and 
the host will issue commands to 
microcomputers which will carry out 
the procedures without further hu­
man involvement. The system is cal­
led Computer Integratred Manufac­
turing (CIM), and it will change the 
way everything is manufactured. 

The factory of the future is just. 
dream. Engineers and researchers at 
the Technion and other places 
around the world are working to 

. make it a reality within \0 or 15 
years. Although many of the indi­
vidual parts of the factory of the 
future exist now, they are for the 
most part crude and not very well 
integrated. Lenz and his colleagues 
are working on modernizing today's 
equipment and developing new tech­
nologie~ and techniques for the fu­
ture. 

One key to the factory of the 
future is the cart. called an AutomaR 

tic Guided Vehicle (AGV). which 
transports parts between stations. 
AGVs today travel about the factory 
floor on a track which is specially 
designed. expensive to install and 
difficult to reposition. 

AGVs being developed at the 
Technion will be able to follow a 
painted line or a bright yellow tape 
fastened to the floor. When the path 
that the vehides follow needs to be 

DRUGS have traditionally been 
given orally, unless their chemical 
components would be destroyed by 
enzymes in the stomach and small 
intestine and therefore have to be 
injected straight into the blood­
stream. But a whole doctor's bag of 
new drug-delivery techniques are on 
the medical horizon that will not 
only be less painful but also more 
effective. 

ScientISts have already developed 
a plastic-roatin~ for some vaCCIna­
tions, as well as Insulin and a number 
of anti-<:ancer drugs, that prevent 
e?zymes fr?m ,get~ing to them',1'!'e 

changed. the line can be reprinted or 
the tape can be moved. 

Alternatively, the future vehicles 
will be able to follow electrical sig­
nals generated by a cable under­
neath the floor or simply have the 
floorplan of the factory programmed 
into them by the host, Lenz said. 

Today, when an AGV runs into an 
obstacle on the floor, such as a 
dropped part or a disabled A GV, tbe 
vehicle stops and wait< until a human 
removes the obstruction. The 
Technion's new AGVs will be able 
to negotiate a path around the obsta- . 
cle, if possible, or take the parts they 
are carrying to a holding area. They 
will also be able to notify the host of 
the obstruction. which in tum wiD 
notify the other vehicles. 

Moshe Shoham, a doctoral candi­
date at the Technion, has developed 
a robot ann which can pick parts off 
the AGVs and place them on 
machines to be worked. The compu­
ter uses a laser-based vision system 
to locate the position of the part atop 
the AGV and guide the robot arm,' 
just as we use our eyes to guide our 
hands when we pick up objects. 

The vision system also allo ... tbe 
arm to pick up very heavy objects 
which cause the arm to flex. Because 
the computer can look at the arm to 
see the extent of the deformation, it 
can correct for the flexing of the arm, 
and help the arm successfuly place 
the part in the machinery. 

For years people have been using 
microcomputers to control grinders, 
milling machines and drill presses. 
But most equipment available today 
requires a human operator to enter 
the programme for the machine. "The 
researchers at the Technion are uSR 

ing IBM Personal Computers to in­
terface commercially available Com-
JlI*r NtmerbIIy 0Jntr0II0d (CNC) 
machines to the central host. 

. The interface allows the factory's 
central computer to automatically 
modify or change the part which the 
CNC is manufacturing by transmit­
ting a new set of instructions without 
the need for human intervention. 

Surgeon. would fint remove as 
much of the growth as possible and 
tben implant the sheet near the 
tumour site. "The drug then slowly 
spreads to act directly on any re­
maining malignant cells. Thus che­
motberapy, which affects the whole 
body, could be no longer necessary. 

ResearcheR believe that this tech­
nique will be especially useful in 
6ghting brain tumoun, since drop 
used in chemotberapy cannot easily 
get into the brain. 

Another technique is the micro­
capsule approach. Tiny spheres car­
rying .disease-fightinS drugs are in: 
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Factory of the future 
Now just a dream, Technion experts are working to make it 

a reality, Simson L. Garfinkel reports. 

Computer-c:ontrolled mDHna JIIIIdaIae, deftIopecIat TedmIoa: no need for humus. (Photo: Gufiakel) 

Other research is aimed at auto~ be used to inspect manufacturing 
matic inspection of machine-made tools, such as drill bits and punches, 
parts. One system involves compar- for wear and damage. 
ing a machined part to a hologram of 
the "master." If the newly machined WITH TODAY'. technology a 
part matches the hologram, the part mechanical engineer at the Technion 
passes inspection. Another system can sit down at a Computer Aided 
uses laser beams to scan the surface Design (CAD) work station and de­
of the part, looking for manufactur- sign a part, such as a cam or a 
iog defects. These systems can also lever-ann, on a screen. The engineer 

can instruct the computer to simu~ 
late the manufacturing process and 
preview what the final part will look 
like. 

Once the engineer is satisfied, he 
can command the host to automati~ 
cally manufacture the part. Fifty 
minutes after the engineer sits down 
at the work station, according to 
Lenz, the finished part is ready. "We 

Drug-delivery IEW811IDS 
techniques 

flow oHour drugs to destroy bard-to- particles containing female hor­
treat cancers. Manufactured by lu- . mooes through tbeir skin. 
telligent Medicine Inc. of Denver, Based on this discovery, the AIza 
Colorado, the port~ble pump dehv- Corporation in Palo Alto, Califor­
ers up to four medlcmes at vanable nia, has developed skin patches that , 
r,ates f?r up,to 30 .days.at. a tu~e, deliverdrugs~r.~ -Ily. Anad~esive 

hope that in a relatively short time 
we will be able to do much more 
complicated things." he said. 

Unlike mass production, C1M is 
designed for small manufacturing 
orders. Lenz defends this decision, 
noting that 75 per cent of the current 
manufacturing in the U.S. is for 
orders which make less than 50 
pieces. When today'. high costs of 
specialty manufacturing are reR 

moved. he continued. mass produc~ 
tion looses its appeal and advantage. 

Unattended manufacturing is 
another name given to the factory of 
the future. People involved in this 
field of research do not like to use 
the phrase publicly. as it implies that 
many jobs now performed by people 
will be surrendered to computers in 
the future. 

Althou!h new jobs will be created 
for computer programmers and en­
gineen, it will not begin to make up 
for those lost. Indeed, this cutting of 
production-related labour costs i. a 
strong incentive for management to 
Install CIM systems. 

Lenz said that labour accounts for 
the real costs of manufacturing. 
Manpower is expensive, and skilled 
workers are difficult to find. Machin­
ery is incredibly expensive and must 
be run 24 bours a day in order to 
recover investment costs. but few 
skilled workers want to work second 
or third shifts. 

Lenz claims that CIM will drasti­
cally cut manufacturing costs and 
increase productivity by automating 
the manufacturing process. The only 
problem then. continues Lenz, will 
he retraining employees and finding 
new jobs for the displaced workers. 

mE TECHNOLOGY being de­
veloped at the Technion has applica­
tions to many fields beyond the fac­
tory. Uses in one area, health care, 
are being explored by Johann 
Borenstein, who is building a "nun­
ing-robot." 

The nuning robot is not designed 
to replace human nurses. Instead, it 
is designed to allow bedridden and 

runs on solar power. Just walt out­
doors on a nice day with the S200 
machine and it will keep producing 
music stereophonically. 

A TRAcroR that borrows its auto­
matic steering system from the land­
rover that traveDed on the lunar 
IUrface bas been developed in Israel. 

Granot Technologies, • kibbutz 
cooperative near Haif •• bu built • 
lIix-metre-wide, high-riding tractor 
that maneuvres easily and does not 
compact tbe topsoil. Named 
Merhav, the tractor bas four widely 
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disdbled persons to perform various 
tasks without asking other pCllple for 
help. by giving orders to the rohol 

For example. if a hedridden pa­
tient is thirsty. he can tell the robot 
to bring him a glass of watl'r. The 
robot will be able to rc!'>pond 10 
verbal orders, and may even he <lhlc 
to insert video cassette!'> Il1tO V( ·R .. 
and prepare simple meal!'>. 

Borenstein. now completing hi .. 
Ph.D. in mechanical en~inccring at 
the Technion. believes that patients 
will prefer the computenzed ... enant 
to human ones. "Figure your~df,,~ a 
quadraplegic. having to be helped 
with everything. Wouldn't you feel 
more intimidated asking for help 
from a human?" he said. "The rohol 
is not to replace a nurse. but to 
replace borin~ tasks ... 

Currently. the rohot can detect 
and navigate its way around objects 
in a room by the use of a sonar 
ranging system. and it can pick up 
object< weighing up to 2 kilogroms 
with its mechanical arm. The final 
robot should cost less than S IIJ.(~ KI. 

The real problem for Israc..'1. Lenz 
concluded. will he the cost of initial 
installation of elM in factoTlcs. 
elM. as its name implies. is a com~ 
plete. integrated system. "You can't 
just replace one machine. You have 
to start from the bottom" and re­
build the entire factory. he said. The 
cost of even a small elM factorY 
could easily exceed $30 million and 
one computerized milhng machme 
can cost S2S0.000 to S 1m, or even 
more. he added. 

"It takes a lot of money to IOvesf' 
in elM. continued Lenz. "There is 
no way that a small I ... faeli compan} 
can invest this without the h.;lckinE!. of 
the government. In a very short 
time, we will see completed factories 
in the States. The same in Europe, 
Israel is very slow in coming hecatlst' 
government and indutry ... how no 
interest rin installing the technolo· 
gy). "Countries like Israel have no 
choice but to enter this area of 

pete, and will collapse. 

CIM." Lenz believes. for withuut it~ _. ';' 
Israeli manufacturing cannot c( ~m-


