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AEROSPACE SCIENCES

GOVERNMENT ACTS TO STEP UP AIR COMMUTER, HELICOPTER SERVICES
Tokyo AFEROSPACE JAPAN in Japanese Feb 86 pp 32-33

[Article: "New Standards on Air Commuter Service; Policy To Increase Use of
Helicopters Decided”]

[Text] The Civil Aviation Bureau, Ministry of Transport, which had been study-
ing increased air commuter service and conformity to the government's action
program, prepared new standards and a utilization policy and announced them

on 26 December [1985].

This announcement by the Civil Aviation Bureau comprises two features: mnew
standards concerning commuter service and the intensified utilization of heli-
copters; it is in the nature of "deregulation a la japonais."” Below is the
summary of the notable aspects and main amendments.

1. New Standards on Air Commuter Service

The new standards on air commuter service (standards on the approval of conduct
of passenger transportation between two points) may be generally divided into

standards for airplanes (amendment of old standards) and standards for helicop-
ters (newly prescribed) and their essentials are consolidated in Tables 1 and 2.

First, let us discuss commuter service using airplanes. The new standards pre-
scribe that even where there is airline service, commuter service may be pro-—
vided if no fear of the latter seriously affecting the former is involved.
Judgement in this connection is rather difficult. For example, a commuter route
between Chofu and Oshima is permissible even though there is airline service
between Tokyo and Oshima. This is a problem with, say, the Tokyo-Yatsuo route,
whereas, commuter companies can operate on the same competitive route.

Equipment used, a highlight of the amendment, has been drastically expanded-
from the past standard of up to 5.7 tons (equivalent to approximately 19 seats
in terms of seating capacity) in maximum take—off weight to 60 seats at maximum.
Theoretically by these standards YS-11 with 60 seats can be flown as a commuter
plane. But analyzed in further detail, the necessary number of pilots is ome
business pilot for up to nine seats; one senior business pilot and one business
copilot for a maximum take-off weight of up to 13.65 tons of aircraft; one air-
line transport pilot and one copilot for more than 13.65 tons. In terms of
specific equipment, equipment with up to nine seats include Islander, equipment




of up to 13.65 tons include Short 330 (30 seats), Short 360 (36 seats), Brasilia
(30 seats), CN-235 (39 seats) and Saab SF340 (35 seats) and equipment of more
than 13.65 tons include DASH8 (36 seats), DASH7 (50 seats), ATR42 (45 seats)

and Fokker 50 (50 seats). As for maintenance crew, the maintenance of equipment
of up to 15 tons in maximum take-off weight is the work of 2d-class aircraft
mechanics while that of equipment of more than 15 tons is the work of lst class
aircraft mechanics. DASH7, ART42 and Fokker 50 are commuter planes of more

than 15 tons. The recent amendment is unique as far as cabin crew members are
concerned. It set forth the following details: No cabin crew is necessary

if the number of seats does not exceed 19. Even if the number of seats is 20
to 30, none is necessary if the number of passengers who actually board does
not exceed 19 but one is necessary if the number of passengers exceeds 19.

One is unconditionally necessary if the number of seats is 31 to 50 and two

are necessary if the number of seats exceeds 50.

Th> new standards have opened the Japanese market to nearly all commuter planes,
making all trading companies happy (particularly, those with larger commuter
planes). As standards for aviation, they are, if anything, laxer than U.S.
counterprarts as far as pilots, etc. are concerned. (The United States lacks
the category of senior business pilot.)

The standards for commuter service using helicopters have been newly set to
replace the temporary standards having been formed to meet needs in the Taukuba
Scientific Exposition. What is most remarkable about these standards is the
relaxation of regulation on the flying formula; the rules on special visual
flight requiring ground visibility of 3 km or more have been relaxed to 1.5

km. This directly contributes to the improvement of the operation rates of
flight personnel. Further, one may mention the fact that navigation by the
night visual flight formula has become possible, though conditionally, for heli-
copters as well as for airplanes, the fact that the flight experience of captains
has been cut from 2,000 hours to 1,500 hours and the fact that the standards

for heliports used for the take-off and landing of helicopters have been re-
laxed.

It is expected that the setting of these new standards will bring closer to
realization the Narita-Haneda and Narita-Tokyo Heliport heli-commuter services
for which preparations are now being made.

2. Measures To Further Utilize Helicopters

These are measures aimed at the further utilization of helicopters by relaxing
current regulations on the use of helicopters to a minimum within the limits

of safety and the protection of environment. The measures have not only relaxed
the standards for providing heliports to the U.S. level and relaxed accordingly
the standards for approving extra take-off/landing grounds (temporary heliports)
but also revised the standards for helicopter operation.



Especially, the regulation of such matters as the length of approaches to heli-
ports and extra take—off/landing grounds and the surface gradients of these
approaches has been drastically relaxed. In addition, it has become possible
for these facilities to be operated more flexibly than ever by such wording -

as ".... as designated by the Minister of Transport."”

Furthermore, the new navigation standards for helicopters allow for the shorten-
ing of flying routes and give considerable latitude to helicopter operation

to the major airports of Narita, Haneda and Osaka in order to step up scheduled
passenger transportation by helicopters.

The Civil Aviation Bureau is hopeful that these new standards will stimulate
the construction of heliports and the operation of helicopters and thus further
the use of helicopters and enable them to be imported in increasing numbers.

Table 1. Standards on Approval of Conduct of Airline Passenger Transportation
Between Two Points

1. Transport There must be no fear of seriously affecting the main-
section tenance of airline transport service.
2. Enterpriser Person with stabilized business foundation and technical
. ability.
3. Airplane (1) Maximum number of seats: less than 60, (2) Rules

concerning equipment requirements: omitted. (They are
as prescribed in Aviation Law Enforcement Regulations.)
(Before amendment, multiengine plames with maximum take-—
off weight of 5,700 kg)

4, Flying Principle: IFR, VFR may be used except for following:
formula (1) On-top flight, (2) Night flight in such air space
as congested air space and air space where position con-
firmation by ground lights, etc. is impossible. (3)
Flight beyond 20,000 ft. (4) Flight under meteorological
conditions prescribed by detailed execution rules.

5. Pilot (1) For airplanes with maximum take-off of up to
(captain) 13,650 kg

Cﬁ Senior business pilot, (£>Flight experience of at
least 1,500 hours. Must have company permit.

(2) For airplanes with maximum take—off weight of more
than 13,650 kg '

CD Pilot for airline transport. (:> Flight experience
of at least 2,000 hours.. Must have Civil Aviation
Bureau's permit.




6. Cabin crew There must be one cabin crew member if the number of
passenger seats does not exceed 30 and the number of
passengers exceeds 19 or if the number of passenger seats
exceeds 30 but does not exceed 50. There must be two
cabin crew members if this number exceeds 50.

7. Report on trans—- Rules: omitted. (It has become unnecessary to report

port results every month and every business year.)

8. Temporary or Ths has only to be reported to Civil Aviation Bureau.
Permanent stop (Before amendment, it had to be approved by Civil Avia-
of business tion Bureau.)

Table 2. New Standards on Approval of Conduct of Helicopter Passenger

Transportation Between Two Points

!. Enterpriser An unscheduled air transport enterpriser desiring to
start helicopter-air transportation between two points
must be a person recognized to have sufficient business
foundation stability and technical ability to carry out
this transport business infallibly.

2. Equipment to be Rotary wing aircraft transportation TA class (Equipment

be used that can safely continue to fly even if ome of the two
engines fails.)

3. Flying It must be VFR (visual flight regulation) formula. Spe-
formula cial visual flight is approved for ground visibility

of 1.5 km or over. (By Tsukuba Expo standards, special
visual flight was available for 3 km or over.)

4. Pilot In principle, there must be two pilots. However, one
is sufficient if the number of passenger seats does not
exceed nine. Must be qualified as captain. (1) Business
pilot with flying experience of 1,500 hours or over.
Must have company permit. (By Tsukuba Expo. standards,
business pilot with flying experience of 2,000 hours
or over.)

5. Cabin crew There must be a cabin crew if the number of passengers
exceeds 19

6. Temporary or The temporary or permanent halt of business must be
permanent halt reported without delay.
of business

7. Place of take- No rules. (In accordance with permission standards in

off and landing

proviso of Article 79, Aviation Law.)



8. Periodic
screening

9. Report omn
transport results

(1) There must be a company screening system and a pilot
in charge of inspection and captains must be screened
once a year by pilot in charge of inspection. (2) Pilot
in charge of inspection must be qualified once a year

by Civil Aviation Bureau. (By Tsukuba Expo standards,
company rules concerning training and screening were
prescribed.)

No rules. (By Tsukuba Expo standards, monthly reporting
to Civil Aviation Bureau was required.)

Table 3. On Measures To Increase Utilization of Helicopters

1. Standards on
Installation of
Heliports

(1)Length of approach

(Z}Gradient of
approach surface

(ﬁ)Gradient of shift
surface

(§>Length of radius
of horizontal
surface

(3)Approach-take—off
path

(@)Forced landing
area

2. Standards for
Approval of Extra
Take—off/Landing
Grounds

CD Length of approach

CZ)Gradient of
approach surface

[Relaxed to U.S. level]

Always 1,000 m. For a rooftop heliport, length of less
than 1,000 m and designated by Minister of Transport.
(Before amendment, 1,000 ~ 2,000 m)

Always 1/8 (For scheduled passenger transport, as pre-—
scribed separately). For a rooftop heliport, gradient
of at least 1/8 and designated by Minister of Transport.

Always 1/2. (Before amendment, always 1/4)
Always 200 m. For a rooftop heliport, length of less
than 200-m and designated by Minister of Transport.

(Before amendment, 400~ 800 m)

Allowed approach and take-off directions of up to 90°
(Before amendment, straightline, as a principle)

No forced landing area is provided for a heliport use
by helicopters of types capable of vertical take-off.

[Relaxed in general accordance with standards on instal-
lation of heliports]

Less than 1,000-m may be used. (Before amendment,
1,000-m)

1/8 (For scheduled passenger transport, as prescribed
separately). (Before amendment, 1/10)




()Iength of radius
of horizontal
surface

@) Landing zone

(9 (Procedure of
applying for
approval

@ Period of
approval

3. Navigation
Standards for
Helicopters

(D Flying route

(D Night flight

(3 Ground visibility
(special VFR)

@Use of existing
airports

No need to be set.

Length and width: length of fuselage x 1.2
(For scheduled passenger transport, as prescribed
separately.)

No drawings need be appended if no conditions have changed
since previous approval. Also, photographs and compendium
on conduct of navigation are unnecessary.

15 days, as a principle and 1 year at maximum. (Before
amendment, 15 days, as a principle, and 3 months at
maximum)

Short-cut routes may be set for high-performance twin-
engine helicopters used for scheduled passenger trans-—
port. (For others, flying routes at levels below minimum
safety altitude may be used freely.)

IFR: free. VFR: permissible under certain conditions
(including ability to acertain position by ground lights,
etc.).

1.5-km or over. (Before amendment 3-km or over for
scheduled passenger transport)

Use of Narita, Haneda, and Osaka Airports is disapproved,
as a principle. (Possibilities of use of these airports
for scheduled passenger transport are being studied).
Other airports are made available, whenever possible.

20,108/7051
CsO:  4306/2550



BIOTECHNOLOGY

FACTORS IN LARGE-SCALE CULTURE OF PLANT CELLS OUTLINED
Tokyo BIO INDUSTRY in Japanese Feb 86 pp 67-72

[Article by Teijiro Morimoto, acting director of Bionics Laboratory of Mitsui
Petrochemical Industries Ltd.]

[Text] It is shown in the culture of plant cells that the propagation of
cells and production of secondary metabolic products are greatly influenced by
such physical factors as culture temperature, coefficient of oxygen transfer
capacity, concentration of dissolved oxygen, and speed and method of stirring.
A method of optimizing these factors to establish large-scale culture
technology is introduced, along with several large culture tanks.

1. Introduction

We put secondary metabolic products of plants to use in such things as
medicines, seasonings, dyes and sweeteners. Because these are at present
obtained from plants, whether grown or gathered, they are subject to the
problems of seasonal and regional restrictions and nonuniformity of quality
and content, Moreover, in recent years the plants which serve as raw
materials have become less plentiful each year, and some are just short of
extinetion. The issue of new resources is becoming a problem.

In an effort to solve, in one stroke, the problems involved in natural plants,
there has been active research on putting vigorous culture cells into
suspension in a tank to cultivate plant tissues from individual cells which
produce large volumes of secondary metabolic products. But most of this
research 1is still on an experimental scale; the only cases of results on an
industrial scale are my murasaki [gromwell, a plant of the genus Lithospermum]
cell cultures in a 0.75 m3 tank and ginseng cell cultures in a 2 m3 tank by
Nitto Electric Industrial Co. Although the plant tissue culture is an
attractive method in terms of production of secondary metabolic products,
industrial use of the method has been delayed. One reason for the delay is
that results obtained in the laboratory often cannot be reproduced using
large~scale equipment. Plant culture cells are large-- 20 to 60 microns-- and
soft. And because large clumps are formed when large numbers of cells are
brought together, they are sensitive to environmental changes and to stress.
When temperature controls, oxygen supply and stirring method differ from those
in the laboratory and large culture equipment with completely different shapes




are used, it is no wonder that the same results cannot be obtained. At
present there is not enough industrial research to understand and solve these
problems But in order to increase the importance and improve the future
promise of plant tissue cultures, it will be necessary for research to develop
in this field.

In this paper, I will present a number of fundamental items considered in the
course of establishing a method for shikonin, and related research results. I
will also discuss, for reference purposes, the future development of large-
scale plant cell culture technology.

2. Influence of culture temperature

Propagation of plant cells and production of secondary metabolic products are
greatly affected by temperature; suitable temperatures are generally between
20° and 30°C. For example, Ogutuga et al have reported that caffein
production by tea callus is highest at 26°C.1) Minakami reported culturing
murasaki callus in the range from 10° to 30°C, with both propagation and
shikonin production greatest at 20°C. Both were suppressed at 1low
temperatures, while at 30° thege was little suppression of propagation but
almost no shikonin pr-oduction.2 When I cultured murasaki cells in a 1liquid
medium for two weeks in the range from 20° to 30°C, the yields of cells and
shikonin were as shown in figure 1.

Figure 1 Influence of temperature on murasaki cell cultures
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Within this temperature range, the cell yield declines somewhat beyond 25°C,
but no great change was noticed. The shikonin yield, on the other hand, is
greatest at 259°C, and drops off rapidly above or below that temperature.
Shikonin production 1is particularly curtailed at temperatures above 25°C.



This situation closely resembles Minakami's results, cited above; this
indicates there is almost no difference between solid and liquid cultures of
murasaki cells in regard to the effect of changes of temperature.

From research on propagation of tobacco cells, Shono concluded that variation
of cell propagation resulting from culture temperature is based on variation
in metabolism of endogenous hormones, especially cytokinin.3) The influence
of temperature on propagation of murasaki cells may come through the same
mechanism., The influence of temperature on the secondary metabolic product

shikonin, on the other hand, is thought to result from the activity of enzymes
involved in its synthesis.

Because the production of secondary metabolic products in plant cell cultures
is thus sensitive to changes in culture temperature, it is necessary to
accurately control culture temperature to obtain secondary metabolic products
efficiently. In laboratory research, it is possible to control culture
temperature accurately by using a thermostatic tank. But in large culture
tanks where temperature is controlled by heating or cooling with thermal
catalysts, it is necessary to devise methods for accurate determination of

temperatures within the tank, and to control the temperature evenly, without
hot spots.

3. Supply of oxygen

Culture cells propagate and produce secondary metaboliec products by
incorporating oxygen dissolved in the liquid culture medium. It is thus
important to carefully supply adequate amounts of oxygen in the culture
medium. The controlling factors are the coefficient of oxygen transfer

capacity Kk  and the concentration of dissolved oxygen C. The relationship
between these two values in the presence of cells is shown in the formula:

- *_ - .
de/dt = k; _(c*-C) - K *M

where C¥ is the saturation value of dissolved oxygen concentration, K_ is the
relative absorption speed of the cells, M is the concentration of cells, and t
is time. In actual measurements, however, it is difficult to obtain accurate

values in the presence of cells, so Kr and M are sometimes left out of the
equation.u)

I have investigated the relationship between kL and the propagation of cells
in cultures of murasaki cells. The results indicated that when is less
than 10hr=1, cells propagate in proportion to k as but above 10hr the rate
of propagation is steady. Kato obtained the same results in his investigation
of the relationship between k. ang propagation of tobacco cells., The
production of secondary metabo&ge products is also influenced by kL . As
shown in figure 2, in a culture of murasaki cells the production of sRikonin
increases 1lin direct proportion to kLa qun'kLa is less than 1th‘1, and is
greatest when k; , is between 10 and 15hr~ '-




Figure 2 k _ and Shikonin Yield
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The effect of concentration of dissolved oxygen in murasaki cell cultures is
shown in figure 3. Cell propagation levels off after peaking at a dissolved
oxygen concentration of 6 ppm. The production of the secondary metabolic
product shikonin is influenced by the concentration of dissolved oxygen even
more greatly than cell propagation is; shikonin production is greatest at
concentrations of 5 to 8 ppm. Shikonin production drops off sharply with
concentrations outside that range, so the concentration of dissolved oxygen
must be strictly controlled. Fortunately, both propagation of murasaki cells
and production of shikonin are greatest when the concentration of dissolved
oxygen is close to 6 ppm, so shikonin productivity can be maximized by
controlling that value.

Figure 3 The effect of concentration of dissolved oxygen in murasaki cell
cultures
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In large-scale cultures of plant cells, necessary oxygen is normally supplied
by blowing a gas containing oxygen into the culture tank. There has been
doubt as to whether it is better, at such times, to let a gas with a high
concentration of oxygen slowly permeate the culture, or to blow in a gas with
a low oxygen content. Using cultures of murasaki cells, gases with oxygen
concentrations ranging from 21 percent (air) to 90 percent were blown in, with
the flow speed varied to maintain dissolved oxygen concentration at the

optimal 6 ppm. Cell yields and shikonin production in 1l4-day cultures are
shown in figure 4.

Figure 4 The Effect of Ventilation Rate
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Both cell yield and shikonin production are greater when the ventilation rate
is higher; that is, when a gas with a low concentration of oxygen is
infiltrated. Within the scope of this experiment, it was best to ventilate
with air. Compared with the use of gas with an oxygen concentration of 90
percent, the cell yield is 1.5 times as great when air is used, and shikonin
production is twice as high. The influence of this can be called quite great.

4, 1Influence of Stirring

Plant cells themselves are 1large, and they tend to clump together when
propagating. They are sensitive to stress, and often subject to physical
damage. For example, Tanaka has reported an experiment in back-and-forth
shaking of a flask containing a culture of Cudrania tricuspidata (harikuwa)
cells. The faster the flask was shaken, the fewer large-sized cell clumps
there were, and the more small-sized clumps. But almost no living cells were
found in the small clumps; there were only dead cell fragments.5 It is thus
a major task to keep the plant cells as free from stress as possible in the
culture tank, while stirring them to maintain an even distribution and renew
the 1liquid medium on the surface of the cell to allow absorption of the
necessary oxygen and nutrients. '
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No method has been developed yet to quantitatively measure the degree of
physical effect of stress on plant cells in a culture. Tanaka has tried to
get a quantitative understanding of the effect of stress on cells, although
indirectly, using coefficient k, which is the extent of solid particles
dissolved in the liquid medium of a general mixing tank.5) That is, he used
beta-naphthol particles which have about the same specific gravity as plant
cells, poor solubility in water, and about the same size as clumps of plant
cells, and he sought values of k for various mixing conditions. Then he
cultured harikuwa cells for 15 days using the same conditions to determine the
relationship between k and cell propagation. As shown in figure 5, the
results were that the volume of cells decreased as k increased, dropping off
particularly when k exceeded 4.4 x 103 cm/sec. That fact suggests that the k
value shows the extent of physical effect on cells, and that cell propagation
is controlled by the strength of physical influences on the cells.

Figure 5 Relationship Between k Value and Propagation of Harikuwa cells
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As an example of the relationship between the physical effect on cells and the
production of secondary metabolic products, a culture of murasaki cells was
done using a ventilation culture tank; figure 6 shows the relationship between
mixing speed and shikonin yield. The mixing tool used was the four-blade
screw type.

Figure 6 Influence of mixing speed on shikonin yield

(byﬁﬁli4ﬁﬁmz7U;—)

800 -
6001
= N
(a)x 40}
AN
"
. o 200 »
(a) Shikonin yield N
(b) Mixer: four-blade screw 0 . , . : ;

(c) Mixing speed 15 20 25 30 35 40
(el (m/min

12



Within the scope of this experiment, there was a straignt-line correlation
between shikonin yield and mixer speed; the slower the mixer speed, the
greater the shikonin yield. The slope of the line is quite steep; mixer speed
has a controlling influence on shikonin production. Mixer speed exerts a
physical effect on cells, such as the the shearing stress mentioned
previously, and the effect on production of secondary metabolic products is
far greater even than the effect on cell propagation. It has a grave effect.
Together with the culture equipment discussed in the next paragraph, mixing is
one of the most serious issues in carrying out large-scale cultures.

5. Large-scale Culture Equipment

Plant cell cultures are often regarded as being the same as microbe cultures
and carried out in the same way. But as I have already said, the cells are
larger and form into clumps, so they are more easily affected by ventilation
and mixing than microorganisms. It is thus necessary to think of plant cell
cultures apart from microbe cultures and consider culture equipment based on
the characteristics of plant cells. A number of studies have been made with
the ventilation mixing tanks and airlift culture tanks widely used with
microbe cultures, but results have not been consistent, and it is hard to say
which type is superior.

Wagner et al used four types of equipment including ventilation mixing tanks
and airlift culture tanks with yaeyama-aoki cells to study cell progﬁgation
and production of the secondary metabolic product anthraquinone. The
results were that in ventilation mixing tanks there was somewhat less cell
propagation in the area of the mixer blade, and anthraquinone production was
greatly suppressed. But in airlift culture tanks fitted with draft tubes,
there was 1little shearing stress on cells and the supply of oxygen was
adequate; both cell propagation and production of anthraquinone were good, and
this equipment was declared superior for plant cell cultures. Wilson, on the
other hand, has pointed out that there is generally no problem with airlift
culture tanks if the cell concentration is less than 2 percent, but higher
conceg%rations are not desirable because there is inadequate mixing within the
tank.

Tanaka tested the characteristics of four types of tanks, including
ventilation mixing tanks and airlift culture tanks, with a high-density
culture of harikuwa cells. The result was that when an airlift culture tank
with draft tube attached was used with a cell concentration of 1.1 percent,
k was unacceptably low-- half of that when no cells are present. On the
o%ﬁer hand, in a ventilation mixing tank with a variable paddle-type mixer
blade, adequate unifomity and air bubble dispersion was maintained even with
cell concentrations above 2 percent; there was only a very slight decrease in
kLTi ggd he concluded that this is the best culture equipment for plant
ells. »

I cultured murasaki cells using a ventilation mixer tank, an airlift culture
tank with draft tube and a rotary ventilation tank. The rotary ventilation
tank is a horizontal, cylindrical culture tank with ventilation and exhaust
tubes mognted internally; mixing is acomplished by rotating the culture tank
itself.? As the culture process went forward in the airlift culture tank
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with draft tube and the concentration of cells increased, distribution within
the tank became uneven and cells were expelled, so it was not possible to
collect accurate data. The occurence of this sort of operational trouble may
be a fatal defect. Figure T shows shikonin production in relation to the
mixing speed (rotation speed for the rotary tank) in ventilation mixing tanks
fitted with four-blade screw and variable-paddle mixer blades, and the rotary
ventilation tank. Of the ventilator mixing tanks, the variable-paddle mixer
blade type caused 1less shearing of cells than the screw type, as Tanaka
pointed out, and thus allowed a higher shikonin yield. the rotary mixing tank
showed a straight-line relationship between shikonin yield and mixing speed
(tank rotation): the slower the mixing speed, the greater the yield. Shikonin
yield in the rotary tank was the same as in the ventilation mixing tanks
fitted with variable-paddle mixer blade. And because the inner surface of
such a tank is continuously washed by the culture liquid, cells do not adhere
to the cell wall, and stable, long-term operation is possible. The rotary

tank is considered superior as a device for large-scale . culture of plant
tells. ‘

N

Figure 7 Mixing method and shikonin yield
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6. Conclusion

I have stated a number of fundamental items that should be kept in mind in
establishing technology for large-scale culture of plant cells. Even though
the importance of plant cell cultures and their industrial value is recognized
and research has been done on some aspects, industrial research to establish
large-~scale culture technology has not gone beyond the beginning stage.
Large, soft, easily-damaged plant cells form clumps as they propagate; in
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order to explicate that circumstance and relate it to 1large-scale culture
technology, it is necessary to establish a new field of research-- plant cell
culture engineering-- which is independent of the earlier fermentation
engineering. That will be of great engineering value, not just because of the
production of secondary metabolic products, but because of numerous research
results in regard to plant tissue cultures. Although the content of this
paper is merely superficial and descriptive, I would be happy to think it was
a step in the progress of research in this field.
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CHEMICAL ENGINEERING

GENERAL ELECTRIC, JAPAN, EXECUTIVE DISCUSSES ENGINEERING PLASTICS

Tokyo KOGYO ZAIRYO in Japanese Oct 85 pp 1-13

[Interview with Hideo Sato, president of General Electric (USA) Plastics,
Japan, by Akira Suzuki, editor; date and place not specified]

[Excerpts] Whereas the engineering plastics industry has steadily been grow-
ing in Japan, severe competition is taking place in the domestic engineering
plastics market joined by aggressive foreign makers such as EPL, Du Pont,

and ICI. For the 18th part of the "High-Level Interview on Most-Advanced
Industrial Material" series, Akira Suzuki, editor, visited Hideo Sato,
president [title as published] of General Electric Technical Japan Branch,
Plastics Business Division, Services Co., Inc., to interview him chiefly on
GE's strategy for engineering plastics marketing.

Definition of "Engineering Plastics" Still Uncertain

Suzuki: I guess what the readers of the KOGYO ZAIRYO most wish Mr Sato to talk
about are the advantages and disadvantages of Japanese-made industrial mater-
jals. Today, your talk will center on engineering plastics. As president of
General Electric (USA) Plastics Japan, you may not be in a position to freely
talk about every thing as asked, but I would be obliged if you would genmerally
discuss Japanese-made engineering plastics from an objective point of view.

Sato: To comply with such a request is rather difficult. I feel it is
appropriate to start our discussion by considering what engineering plastics
is. When GE first brought polyphenylene-oxide (PPO) into Japan, Japanese
industry was not yet in a state which enabled PPO to be processed for mold-
ing, that is, judged from an overall standpoint with such factors as mechan-
ical properties of the resin, the resin molding technology and the ability
to design molds taken into consideration. It was not possible to have PPO
molded in Japan at that time (around 1966) when acrylonitrile-butadiene-
styrene (ABS) resin was in the limelight. At that time, Japan had just
acquired technology for molding general-purpose ABS resin. It was around
that time that they started using the term "engineering plastics." There
was no established definition of engineering plastics. Even today, I oc-
casionally feel it necessary to determine what engineering plastics is, but
it is not yet entirely clear to me.
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Plastics products include household articles, but engineering plastics is
somewhat different from plastics used to produce household goods. It is
used as industrial material. It does not follow, however, that any plastics,
which may be vinyl chloride resin or ABS, usable as industrial material, are
engineering plastics. Can we then say that resin which can replace iron is
engineering plastics? I cannot definitely say "Yes" or "No."

Recently, a derivative term "general-purpose engineering plastics" came into
use. I wonder if the introduction of the term "general-purpose engineering
plastics" suggests that, as the sales of certain industrial-use plastics
increase, such plastics come to be less frequently referred to as engineer-
ing plastics. It is difficult to determine whether such understanding is
appropriate. Rather than making things difficult, I feel I may roughly
define engineering plastics as plastics which are used for functional parts,
can replace metal depending on the case, and require utmost care as to mold-
ing and specification design. -

This definition of engineering plastics agrees with the history of engineer-
ing plastics. Again, it was around 1966 that GE brought PPO, that is, modi-
fied PPO trade-named "Noryl" into Japan for the first time. At that time,
Noryl was almost ignored. The first disadvantage pointed out of Noryl was
the difficulty involved in molding it. The temperature range allowable for
molding it was very nmarrow. Even if it was molded into products, the prod-
ucts easily broke unless they were very well designed. Furthermore, it was,
after all, expensive. It did have many advantages,. such as high thermal re- '
sistance and fireproofness, but these were outweighed by the disadvantage--
difficulty in molding.

After the disadvantage was overcome, Noryl started growing rapidly in the
market. Now, with nearly 20 years having elapsed since we started promoting
Noryl from scratch in Japan, its sales come close to ¥40 billion a year.
Based on the present status, I may say that Noryl is an example of a great
success we have accomplished in Japan.

Engineering Plastics Makers Are Not Mere Suppliers; They Are Customers'
Partners ' :

Sato: Reviewing past development, I feel that successfully promoting engi-
neering plasties requires the makers to work hand in hand with the users
through the designing stage, the molding process, and the after-sale follow-
up to confirm the long-range safety of the products. I -think a character-
istic of industrial material, called engineering plastics, 1s that it requires
its makers to be capable of extending extensive care, including both before-
sale and after-sale care to the users.

Suzuki: That is what Matsumura, managing director of Mitsubishi Gas Chemical

Company,.also stressed when I interviewed him for the 16th part of this
"high-level interview" series.
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Sato: Is that so? Well, I can understand why he would. Mitsubishi Gas
Chemical and my company resemble each other in our manner of doing business.
Take polycarbonate, for example. Teijin Ltd., another company in the same
line of business, is rather good at sundries, for example, such small items
as eyedroppers and combs, and larger goods like helmets. It is because

Mr Hattori of Teijin Ltd., maintains a close network between the company and
many small- and medium-sized enterprises, and the network enables the company
to efficiently promote its products while taking good care of the users.

The approach used by Mitsubishi Gas Chemical as well as our company is dif-
ferent from that used by Teijin Ltd. 1In.our approach, which may appear
somewhat unrefined, we tend to develop everything needed. To produce small
parts, for example, we tend to originally design both the parts and the molds
to be used.

I guess what Mr Matsumura meant is almost identical with what I recognize.

Suzuki: Of the development activity related to the marketing of your prod-
uects, technical services are undertaken by EPL (a joint venture between
General Electric (USA) Plastics Japan and the Nagase & Co., Ltd.), aren't
they?

Sato: That's right. At the time we became the first to promote Noryl in
Japan, we sent four people from Nagase, who are now with EPL, to the United
States for training. After returning from the United States, they were .as-
signed to be in charge of technical services. Since Nagase is a trading firm,
we had no worry at all about its ability as far as sales were concerned.

The term "technical service,'" however, even though everybody knows it today,
was still relatively new to many people at that time. Anyway, under such
circumstances, we started promotion, stressing technical services.

Now, let me outline our worldwide technical service system. Our technical
service center is named the Plastics Technology Center. It belongs to our head
office, and is located in Massachusetts. It is designed to serve customers.
No research on plastic monomers or polymers is conducted there. It is used
exclusively. for the development of application technologies. People working
there to develop application technologies keep in mind how various parts

are to be designed and what plastic materials are to be used for different
parts. Our worldwide technical service network includes 14 other technical
service stations located in principal cities of the world.

Suzuki: You have ome in Japan, too, haven't you?

Sato: Yes, one of them is located in Gotenba, The rest comprise those
located in Atlanta, Detroit, Los Angeles, Selkirk and Mount Vernon of the
United States, and those located in Toronto (Canada), Bergen-op-Zoom (Holland),
Leslie (UK), Evreux (France), (Russelsheim) (W. Germany), Melbourne
(Australia), and Milan (Italy). What I want to say is that we do not like

to be called mere resin suppliers. We wish our customers to regard us as
their partners. We welcome customers coming to us for consultation. We
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will be pleased if our engineers and our machines can assist them in solving
their problems. While working with customers, we will be able to introduce
various resins which are not limited to those produced and sold by us to them.
Often, things really develop that way in our application technology labora-
tory in Gotenba. Doing so is mot our purpose, but there are cases in which
we are led to do so while assisting customers in various aspects of their
work.

So far, many people have.come to the application technology laboratory in
Gotenba, though I cannot mention their names. ‘There were .instances in which
customers brought us their products, we disassembled and. redesigned them, and
improved manufacturing processes were suggested to the customers. Depending
on the case and product, manufacturing process improvement we suggest to cus-
tomers results in a reduction of ¥2,000 to ¥3,000 in unit manufacturing cost.
These services are included in the functions of the application technology
laboratory. '

I consider that the customers' trust we have acquired by serving them in
this way constitutes an important asset of our company.. It may perhaps be
said that such a way of doing business is peculiar to GE.

Differences Between Japanese and American Strategies for Engineering Plastic
Marketing Are Lessening

Suzuki: You mentioned that, when GE brought its Noryl into Japan for the
first time, the conditions in Japan as to resin molding technology, etc., were
not yet ripe enough to enable immediate successful marketing of Noryl. I
assume that the know-how of the processing of such a resin had already been
established to some extent in the United States at;that.time,'hadn't;it?

Sato: You are right. But;.even-withvregard'tO'the.ABS:resin, the first
engineering plastic introduced in Japan, people who ‘have.been in the resin
business for many years will remember that processing was not easy in.the
early days. It does not necessarily mean that the molding technology level
was much too low at that time. Rather, it simply means that molding machines
suitable for application to the ABS resin were not in use at that time, and

. that the industry was net yet experienced in handling a resin with such a

high heat distortion temperature (HDT) as that of the ABS resin. .In the
molding industry of today, no firm engaged in molding will find ABS molding
difficult. It was certainly difficult, however, in the early days. Simi-
larly, when Noryl was first brought intO'Japan,}it‘was.VEry:difficult to mold
the resin. Now, we are selling; among others; a resin trade-named "Ultem".
The HDT of the Ultem is about 180°C and it is not easy to mold the resin.

In the course of time, however, the molding technique will advance to make
the molding of the Ultem no problem.

Polybutylene terephthalate (PBT) also went through a .similar proecess. When
it was introduced, its HDT was higher than those of other .resins so that
difficulty was involved in molding it. Now, no specialized firm will find
PBT molding difficult. '
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Suzuki: I consider that, in the market for molded products, Japanese cus-
tomers are much more mindful of details with regard to their requirements

than American customers. When you review the development of engineering
plastics in that way, I wonder, therefore, if there were cases in which
molding techniques, developed in the United States, required some modification
or improvement before being put in use in Japan to meet the requirements of
Japanese customers.

Sato: There were many such cases. Speaking of the Japanese customers' mind-
fulness of details, they are generally very strict about even the shapes of
pellets. 1In the United States, they are not as strict about such details.
They do not complain even if pellets have fins or include irregularly shaped
ones among them. This is only one example of a differencein attitude between
the Japanese and U.S. customers., When engineering plastic pellets are pro-
duced at our company, we check them using metal detectors. The metal de-
tectors used by us are of very high sensitivity so that they do not miss any
pellets containing even the smallest amount of metal. In the checking sys~
tem, the pellets detected by the metal detectors are automatically ejected

as defective. The resin pellets having come through such strict checks can
be used for such parts as coil bobbins for high-voltage applications. Such
coil bobbins can be used where high voltages are used, in TV's and other
machines without causing sparking or shortcircuiting. .There are not many
U.S. resin makers who use metal detectors with sensitivity comparable to

that of those used by us. In Japan, such high-sensitivity metal detectors
are indispensable. Furthermore, with regard to other factors such as the
fluidity, heat resistance and fireproofness, éngineering plastics produced

in Japan is very stable. It is because the Japanese customers strongly re-
quest that the properties of the resins they purchase be highly stable.

We occasionally examine U.S.-made engineering plastics. Based on this, we
are of the opinion that the quality of U.S.-made engineering plastic is not
as stable as that of the Japanese-made equivalent. We assume it is because,
compared with Japanese customers, U.S. customers do not impose as severe
requiremants on the resin makers. Our view of the qualitative stability

of the U,S,-made resin is not peculiar to us. It is shared by other resin
makers.

Suzuki: Then, are there cases in which, when know-how developed in Japan to
meet requirements of the Japanese customers who care about details, is intro-
duced in the United States, the U.S. makers reject the Japanese know-how
saying it is not necessdary to adhere to such details,

Sato: Well, the recent trend is the opposite from what you may expect.
Canon Inc. is expanding into France. Toshiba Corp., Hitachi Ltd., and

Sony Corp., are all advancing into the United States. Toyota Motor Corp. and
Nissan Motor Co. are also going to the United States. Even if our customers
go abroad, we have to prepare the specifications of resins needed by thenm,
such as Noryl and Lexan. For customers engaged in production in the United
States, for example, we provide GE with the specifications of resins needed
by the customers so as not to inconvenience them in the United States.
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When Japanese resin users go abroad, and purchase resins there, they demand
quality comparable to that of the resins they use in Japan. When our cus-
tomers start overseas production, therefore, whether in Europe, the United
States, Australia, or Canada, we provide, as required, appropriate,overseas
affiliates of our with the specifications of the resins to be delivered to
the customers. This is a kind of quality control. Such quality control is
being advanced for a rapidly increasing number of Japanese customers engaged
in overseas production.

Suzuki: I recently overheard that, when Japanese automakers start production
in the United States, the Japanese resin producers selling resins to these
automakers in Japan, transfer their service engineers in charge of the auto-
makers to the United States, to let them take care of the resin requirements
of the auto plants built in the United States by the Japanese automakers.

Sato: That's nothing new to us. We started using that type of approach 4 years
ago. At present, two of our service engineers are stationed abroad; one in
Mount Vernon, and the other in Detroit.. They have been there for 4 years to
deal with Japanese firms, so what you overheard is true. Japanese firms
advancing into the United States feel that they and U.S. salesmen or market-

ing engineers do not quickly get tuned to each other in various negotiations.
They say they find salesmen or sales engineers, who have a Japanese sense and
can respond to their inquiries in the Japanese way, very handy. That's why

we have resorted to such measures as keeping our representatives abroad for
Japanese firms.

Suzuki: Doesn't it then happen that, when Japanese users, who are fastidious
about their requirements, complain in the United States about the quality of
U.S.-made resins in the same manner as they do in Japan, their complaints

are rejected by the U.S. resin makers as being unrealistic?

Sato: Well, I may be going back to the original subject, but our share of
the global engineering plastic market stands at around 24-25 percent based
on the information obtained from various sources. We regard ourselves as
being active and having been established as a worldwide resin supplier.
Therefore, as far as we are concerned, we think we are prompt and flexible
in dealing with complaints made by our customers.

Engineering Plastics Are Custom-Made

Suzuki: Sorry I am giving you question after question. By the way, I hope
you will read the report of my interview with Matsumura, managing director of
Mitsubishi Gas Chemical Co., when you have time. According to Mr Matsumura,
Japanese plastic makers are, generally by far, smaller than their customers;
for example, such automakers as Toyota Motor Corp. and Nissan Motor Co.
Therefore, even then the inquiries given them by such large users are. for
resins which cannot easily be developed, they tend to work hard to develop
the resins as requested, without putting up any resistance, hoping, eventual-
ly, to be given large-lot orders. He said that, in the United States and

221




Europe, plastic makers such as Du Pont, GE, and Bayer are on approximately
even terms with their customers such as GM, Ford, and Chrysler in terms of
corporate scale, so that U.S. plastic makers often assume a rather strong

attitude toward their customers.. For example, according to Mr Matsumura,

there are cases in which they develop new plastics and ask their customers
to find ways to make use of the new plastics. He said that the situation

in Japan is different from that in the United States.

To our way of thinking, for example, we do not regard engineering plastics
as something to be displayed at stores to attract buyers. To develop engi-
neering plastics needed by customers, we closely consult with the customers
on the parts to be developed, parts design, and the type of resin to be de-
veloped. When parts design is determined, we propose concrete properties

of resin such as fluidity, rigidity, fireproofness and heat resistance which
we consider suitable for the designed parts. We consider that supplying our
customers with engineering plastics developed through such procedures is our
role, as well as an advantage of our way of doing business. Therefore, as
far as GE is concerned, there are no cases in which the plastic maker asks
customers to -accept its unilateral way of doing business.

We intend to further enhance our business in the field of custom-made engi-
neering plastics. Noryl, in the first place, is custom-made resin. As you
perhaps know, we can modify PPO differently (Noryl is modified PPO) to meet
different requirements of different users. Such adjustability is an advant-
age of Noryl. For example, if a customer says that Noryl, to be molded by
the company, required high fluidity, and that, to raise its fluidity, its
rigidity may be sacrificed to some extent without affecting its heat resist~-
ance; then we can prepare Noryl to meet the needs of the specific customer.

- Adjustment in the stage of PPO modification enables Noryl to be given varied
properties. 1It's a feature of Noryl.

If another customer requires Noryl's heat resistance be enhanced at the
sacrifice of its fluidity, but without decreasing its rigidity, we can pre-
pare such Noryl. Since we have long been dealing with Noryl in this manner,
we are not reluctant to provide our customers with custom-made resins. We
take it for granted that engineering plastics is custom-made to meet the
needs of individual users.

Suzuki: I guess, while you work jointly with your customers to develop
customized resins, some know-how will be generated. Do you possess such
know-how jointly with the customers?

Sato: It depends on the case. When some know-how is developed while we are
working jointly with a customer, the customer, in most cases, requests that
the specific resin developed using such know-how be grade-numbered to prevent
it from being sold ‘to other customers for 2 to. 3 vyears at the last. We
comply with such a request, depending on the case. Since the know-how

of engineering plastic modification is our property, however, there are not
many cases in which we share know-how on plastics with customers. It is of
course quite possible for us to do so if strongly requested by customers,
depending on the case.
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Suzuki: When the target properties of the resin to be produced for a cus-
tomer are finalized between you and the customer, you determine the specifica-
tions, and produce the resin after having the specifications approved by the
customer. The know-how you use to produce the resin according to the specifi-
cations becomes your property. Is my understanding right?

Sato: Right.

Suzuki: Speaking of the definition of engineering plastics again, I think
the definition you gave certainly indicates one way of defining it. I my-
self consulted the second edition of McGraw-Hill's Dictionary of Scientific
and Technical Terms published in Japanese by NIKKAN KOBYO SHIMBUN. I under-
stand that no definition of engineering plastics has been established in the
United States, either.

Sato: No, there is no established definition. That's true.
How Attractive Is the Japanese Market to Overseas Engineering Plastics Makers?

Suzuki: Now, let me change the subject. 1 understand that, recently, for-
eign resin makers including your firm, Du Pont, and ICI .are stepping up

their activities in the Japanese market or are planning on entering into the
Japanese market. As we were discussing, there are many users fastidious

about their requirements in the Japanese market. What is the attraction of
the Japanese market that makes such foreign resin makers eager to advance into
Japan?

Sato: Well, after all, Japan is. the most industrially advanced nation in the
Far East. Speaking of the attraction of the Japanese market, I think it's the
growth rate. Japan's industrial production grows fastest. " Any engineering
plastic maker aiming to expand its business on an overall basis will think it
necessary to advance into the country enjoying the highest rate of growth of
industrial strength or industrial output.

Further, in this connection, I think, even though the term "multinational
enterprise" is in use today, in a seuse such a term is already obsolete.
Comparatively speaking, the world is no longer as large as it was before. To
be sure, when I was ordered to report to GE's head office in the United
States while I was working for Union Carbide in Japan, that is, the company
where I started my career in the resin business, I used to stay overnight in
Hawaii en route from Haneda. I made another overnight stop at San Francisco
en route from Hawaii before finally arriving at New York on the third day.
It was, therefore, on the fourth day that I would report to the head office
of the company. ' Since the trip from Japan to New York crosses the interna-
tional date line, it took 4 days before I could start working in the head
office after leaving Japan, putting aside the calculation of the net time
taken. Needless to say, it took me the same amount of time to return to
Japan. Today, if I am asked by phone to fly to New York, I am able to take
a flight on the same day, arriving in New York in 13 hours. In this sense,
the world is rapidly growing smaller and smaller. What is happening in
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Europe can be immediately known in Japan through nideotext information. At
our company, we use a crossfile system which enables us to communicate with
parties in the United States and Europe via a communications satellite.

With the global market narrowing like this, plastic users are advancing to
areas all over the world, and material makers are also going out to various
parts of the world. Under these circumstances, they cannot afford to expand
into only a certain part of the worldwide market. For them, advancing into
Japan or the Far East is only a step of their strategy aimed at spreading
their foothold throughout the world. 1Isn't it imperative for them to adopt
such a strategy? :

It is true that many makers are coming to Japan. Du Pont is coming, ICI
is coming, and Celanese, too.

On the other hand, many Japanese companies are going out. Toshiba Corp.

is expanding into Britain and other European countries. It is advancing into
Canada and the United States. It can go anywhere. Sony Corp. is spreading
its operation on a global basis. I think such business globalization is a
major trend of the present age. Neither the United States nor Europe is as
far away from Japan as it used to be. :

When Will Foreign Engineering Plastic Makers Start Production in Japan?

Suzuki: .Certainly the advancement of telecommunications has greatly speeded
up information exchanges. Even between the United States and Japan, informa-
tion can be exchanged as easily and speedily as within either ¢ountry. Still,
physical distribution is required to cover the same physical distances as
before. The physical distances over which materials and goods are to be
transported have not been shortened. I hear that your company recently
established GEM, a subsidiary, mainly for purposes of producing PPO.and re-
lated products in Japan and supplying them to EPL which is a joint venture
between your company and Nagase to enable. the production of Noryl. If GE
produces resins in the United States for sale in Japan, it has to ship the
products over a distance of nearly 10,000 km. Information can instantaneously
be transmitted between the two countries,.for example, via a communications
satellite, but physical products must travel the long distance.

Sato: You certainly have a point there. In planning our production strat-

. egy, we are required to consider all economic factors. We are willing to
produce both monomers and polymers including PBT,. polycarbonate and the Ultem
in Japan in the future. Under the present circumstances, however, in which
about 20 .percent of the total production capacity of the Japanese polycar-

. bonate makers, including Idemitsu, is not used if we construct our own
polycarbonate production facilities in Japan, it will only confuse the market.
Such an -act will benefit neither ourselves nor users. As long as GE has

. huge production capacities both in the United States and in Europe, we con-
.sider, based on the present situation, that it is more advisable for us to
have resins produced in the United States or Europe shipped to Japan. Long
distances are involved, to be sure, but doing so, we think, is more economi-
cal when judged on an overall basis. I don't know what we will be doing next
'year, or the year after next, though.
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Suzuki: It was reported on pages 11 and 12 of the 31 July 1985 issue of the
U.S. chemical magazine CHEMICAL WEEK that GE was planning to increase its
annual polycarbonate production capacity by 125 million pounds.

Sato: Yes, the company is going to build a large plant. New technology is
going to be used for production at the plant, so that high—-quality plastics
will be produced there.

Suzuki: It is said that production in Japan is uneconomical at a production

level below 15,000 tons per year. Therefore, depending on the expected sales
volume, there can be cases in which shipping resins, produced. at low costs

at a large overseas plant, to Japan for sale there is more advisable, even if
the long-distance shipping cost is taken into account, than starting the pro-
duction of such resins in Japan. Right?

Sato: That's right. In planning the construction of a resin plant, it is
necessary to take into account the funds needed to construct such a resin
plant, say, with .an annual production capacity of 15,000 toms, the interest
on the funds, the depreciation, other relevant investments to be made, and
various expenses. To determine which is better, producing resins in Japan

or having resins shipped to Japan, the resin production cost calculated based
on such factors should be compared with the cost of resins produced overseas
and shipped to Japan. I think Ross Child's strategic plan is based on such
consideration.

Elaborating on this subject, it is our company that holds the largest share
of the polycarbonate market .in the Far East, including China. 1In Japan,
however, our market share stands at around 15 percent. . How .come our share
in Japan is not as high? - We, of course, would like to have a larger share,
but a larger share does not mean greater profitability. 1In other words, a
market share of 10 to 15 percent may be most appropriate for us as long as
we stick to normal sales promotion.

If we start selling monomers in the future, however, I think we should. try
to increase our market share. The direction in which we should advance may
change year by year. We have a plan to .start polycarbonate production in
Japan, but I'm sure we will not carry it out this year, under. the current
circumstances. Probably, we will not carry. it out next year either. What
about the year after next? It's a matter requiring later consideration.

Evaluation of'Japaneseémade Engineering_Plastic'Molding'Machines.in'Werdwide
Market -

Suzuki: Now, I'd like to talk about the Japanese-made plastics molding ma-
chines. How are they, those for molding mainly engineering plastics, evalu-
ated in the United States and Europe.

Sato: I think they are highly rated. Introducing a case we experienced

outselves, we are using a machine made by Toshiba Machine Company. By the
way, it is not because 1 was once an executive member of a joint venture
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between our company and Toshiba Machine Company. I think the Toshiba-made
machine is less expensive and has higher performance than a certain German-
made machine, though I refrain from mentioning the name of the German maker.
The machine I am speaking of is not a molding machine, it is an extruder. It
is also being used by GE in the United States for silicone extrusion. Its
performance is rated highly in the U.S. plant, also. When it comes to ser-
vicing, however, the maker's service stations nearest our plants are still
much too far away. The service network of Toshiba Machine is not yet so
extensive as to enable its servicemen to be available at our plants on re-
quest by phone. Therefore, I regret to say, Toshiba-made machines are not
convenient for us to use in the final analysis. I really regret to say this.

Suzuki: For the fifth part of this high-level interview series, I interviewed
Mr Shima, president of Nissei Plastic Industrial. On that occasion, I

learned that molding machine makers are striving to meet the needs of molding
machine users. 1 am sure that they will produce good machines.

Sato: T refrain from mentioning the names of specific makers, but we are
conducting joint research with many machine makers. For forming, for example,
we are engaged in R&D work jointly with machine makers on blow molding ma-
chines, injection molding machines, etc.

Suzuki: T heard an intersting story from Mr Shima. He was speaking of parts
for wristwatches. According to him, among the parts for wristwatches are
very small plastic parts which require high precision. He said there are
cases such as the following: When a user requiring such small precision
plastic parts visits a plastic maker for negotiation, the plastic maker says:
"OK, if we can develop the plastic that meets your requirements, how many
tons of the plastic will you order from us?" The user then answers: '"Well,
we do not need tons of the plastic for such small parts. We will require
scores of kilograms of the plastic." The plastic maker rejects the inquiry
saying: 'Developing a plastic for such a small-scale demand does not pay."

Sato: Among many plastic makers, there may be some which assume such an
inflexible attitude. Excuse me, but, does your wristwatch have a calendar?
(Sato leans over to look at the wristwatch worn by Suzuki.) If it does,

it contains parts made of plastics produced by us. Most of such plastic parts
are made of Noryl. We sell Noryl to be used for such small parts by the
gram. Most gears and other parts for the calendar mechanism for wristwatches
are made of Noryl. We are therefore accustomed to handling such tiny parts.
The plastics wer sell for such tiny parts amount to a little over 100 kg

a month. Among the parts made of plastic are those even smaller than parts
for wristwatches. For example, connectors which are almost invisible to the
naked eye are also made of plastics.

Suzuki: When I visit plastic product exhibitions, I notice tiny parts which
cannot be examined without a magnifier are on display.

Sato: There are various connector makers. Most of the parts for which they
use Noryl are such tiny ones.
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Candid Adﬁice to the Japanese Engineering Plastics Industry

Suzuki: Are there any comments you can make to commend.or encourage the
Japanese engineering plastics industry, any advice to be given to it, or
any requests to be made of it from an objective standpoint, not as a member
of GE?

Sato: Let me see. Well, 1'd like to point out a difference between the
United States and Japan. It is not limited to a specific .industry such as

the plastics industry or molding industry. In Japan, when something marketed
by a maker proves highly successful in the market, many other makers rush in-
to the same market. It is a phenomenon which is not normally observed in
other countries. Take polycarbonate, for example. . There 'used to be only

two makers in the large U.S. market.. Only recently, a third maker, Dow
Chemical, joined the market for polycarbonate. The third maker came into the °
market 20 years behind the earlier-starter. '

In the Japanese market which is smaller than the U.S. market,. there are
more polycarbonate makers such as Mitsubishi'Gas'Chemical,;Co,,.Mitsubishi
Chemical Industries, our EPL, and also IdemitSu.'.As“for"PBT,,there.are
eight makers, aren't there? Noryl is a plastic which we managed to nurture
into a major product, but there are now two more»makers;:Asahi_Chemical In-
" dustry and Mitsubishi Gas Chemical. Furthermore, two to ‘three other makers
are considering entering the market. When a product introduced by a maker
sells well, or the market for a certain product starts growing, everybody
come into the same market, causing excessive competition to result. It's an
interesting phenomenon which is beyond my comprehension.

Suzuki: I wonder if such a‘phenomenon.obserﬁed in Japan'is.attfibutable to
the intrinsic nature of the Japanese. (Laughter broke out.)

Sato: I don't know about that. I is understandable to some extent that,
when a product proves successful, other people enter the market to eventually
cause market expansion.

Suzuki: The output of engineering plastics including the fiﬁe major engineer-
ing plastics totaled about 300,000 tons in Japan last year, whereas it was
over 400,000 tons in the United States. Right? ‘

Sato: Right. In Japan, there is a total of 28 engineering plastics makers.
That's a large number. I have a favor to ask of you. When you interview
different people for the following parts of this "High-level Interview"
series, will you please ask them how they view the phenomenon we were speak—
ing of?

Suzuki: Thank you for giﬁing me an assignment. (Laughter broke out.).

Sato: That funny phenomenon observed in the Japanese ‘market ‘is what 1.
noticed as a difference between'Japan.and,the.United.State55‘or'EurOpe.
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Suzuki: That's what happened when I was working for a petrochemical maker.
Everybody was rushing into the petrochemical market.

Sato: I know what the rush was like.

Suzuki: After all, Japan is a country of single-rooted, agricultural people.
(Laughter broke out.) They do not feel secure unless they are growing the
same rice plant as other people, whéther it is the "koshihikari" or "sasanish-
iki" rice plant. These people are afraid of losing momey by doing different
things. This psychology may have some conmection with the market phenomenon
at issue. In my opinion, it appears to be a long-fosteéred characteristics

of the Japanese to tend to compete with others, mutually producing similar
products which have slightly different features. I admit, I myself cannot
talk as if I am an exception.

Sato: I have noticed another difference between Japan and the United States.
Putting aside the question of whether it is good or bad, in Japan, the price
structure is determined, in a sense, with understanding among the customers,
makers, and dealers. In the United States, though it may be partly attribu-
table to the existence of the powerful Fair Trade Commission and the like,
prices are in many cases determined unilaterally by makers. In Japan, it
would be out of the question for makers to implement price hikes just by send-
ing out notification to their customers. I am not discussing the propriety

of pricing systems.

Suzuki: I feel the Japanese way of pricing as described by you has some
relevance to the state of over-competition in Japan.

Sato: What is strange in the United States is that, if a maker raises the
prices of its products, other makers in the same line also carry out price
hikes in rapid succession, no matter how fiercely they are competing with
each other in the market. C

Suzuki: Does it mean that each industry has a price leader?

Sato: Maybe so. When a maker discloses price hikes, its competitors delight-
edly follow suit. Im Japan, it can happen that, when a maker announces price
increases, a competitor considers price reductions for the purpose of
increasing its market share. American enterprises do mot use such tactics,
and T wonder why. Our head office in the United States often gets angry
saying: "What on earth are you doing there? Don't sell our products at a
bargain. Why don't you raise prices?" I then have to explain, as if making
an excuse, saying:. "Don't be absurd. We cannot raise our prices as easily
here, due to the local custom of trade." In the state, all they have to do
to raise the prices of their products is to inform their customers of the new
prices and the date when they become effective, in writing. You cannot do
that in Japan. This difference between the two countries really causes our
head office to get angry at me. As far as I am concerned,. that's the biggest
difference between the trade practices of the two countries.

Suzuki: Thank you very much for this interview.

20109/6662
CSO: 4306/3570
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COMPUTERS

HANDWRITTEN CHINESE CHARACTER RECOGNITION, CATEGORIZATION STUDIED
Tokyo KEISOKU TO SEIGYO in Japanese Nov 85 pp 19-24

[Article by Kunio Sakai and Haruo Asada, Information System Research Labora~
tory, Toshiba Research Laboratory, Inc.: "Handwritten Chinese Character
Recognition and Categorization Studied--Techniques and Systems for Handwritten
Chinese Character Recognition']

[Text] 1. Preface

This article describes techniques and systems for Chinese characters as
viewed from the standpoint of "categorization of multiple patterns." In the
case of multiple occurrences, it is the routine means to try to increase
efficiency of retrieval and processing by categorization. A familiar, conven-
tional example is categorization of several thousand Chinese characters by
left-hand radical, right-hand radical, crown [top] radical, bottom radical,
and by the number of strokes (arranged in the Chinese-Japanese dictionary).

Categorization is necessary also when Chinese characters are read by a
pattern recognition technique. If not categorized, reading speed drops due
to the great number of characters or the scale of the device would become
great. Since the initial purpose of categorization for Chinese character
recognition is to raise processing efficiency, a machine-oriented, simple
categorization method is necessary. However, arranging characters in a dic-
tionary described above is easy for a human to do, but is difficult by
machine (for example, reproducing the writing order and stroke numbers of

a written character or determining the shape of a corner area where the
border is vague). So far, therefore, many methods have been devised as
machine-oriented Chinese character pattern categorization methods.

(Footnote 1) (Kuwahara, "Handwritten Chinese Character Recognition Research
for Which CGeneral Categorization Stages Have Almost Been Completed," NIKKEI
ELECTRONICS, No 7, December 1981, pp 148-165.) These methods are
generally based on extraction of geometric characteristics, pattern match-
ing, and structure analysis. '

The second purpose of categorization in Chinese character recognition is
categorizing the load to be applied to the recognition system. There are
difficulties involved in the Chinese characters besides 1) the enormous
number of types, 2) the complex structure of character lines, and 3) the
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many similar character pairs involved. On the other hand, the majority of
Chinese characters have some characteristics which make it easy to distin-
guish characters from one another. In addition, these characterstics are
really diversified when viewed from various viewpoints. From this fact,
the idea of "narrowing down candidate characters for correct solution in
stages "has made its appearance. (Footnote 2) (Sakai, et al., "Present
State of Printed Chinese Character Recognition,'" INFORMATION PROCESSING, -
Vol 22 No 4, 1981, pp 274-279.) The characteristic of this method is that
the product of the quantitative spread and qualitative depth of processing
to be distributed to each stage is nearly constant and a highly efficient
gystem which is balanced as a whole can be set up.

This article introduces the current state of categorization techniques and
the handwritten/printed chinese character OCR (Footnote 3) (Asada, et al.,
"Development of Handwritten/Printed Chinese Character OCR," Collection of
papers of fiscal 1983 General Meeting of the Institute of Electronics and
Communication Engineers of Japan, S10-14, 1983, pp 5-425-5-426.) (optical
character reader) based on the above-mentioned multistage processing approach.

2. Categorization of Chinese Character Patterns

The categorization of Chinese character pattern recognition is closely
related to identification. Categorization is necessary for the preliminary
stage in identification, and that repetition of categorization leading to
identification is generally the scheme (Figure 1). What is obtained as a
result of categorization and identification is the candidate character set
that contains the correct solution category of input pattern. The component
elements of this set are affected by the noise that acts on the input pattern
and changes each time. That is, a "kind" (set of similar characters) is
determined depending on an input pattern and does not exist in advance in a
definitely separated form.

.
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Figure 1. Procedure for Chinese Character Recognition (N: order of number
in candidate characters)

Key:

1. Control ‘ 5. Detailed identification
2. Input pattern 6. Postprocessing

3. General categorization 7. Output character code
4. Subdivision/identification 8., Dictionary knowledge
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In order to categorize and identify, it is necessary to determine how the
characteristic quantity is characterized against the target pattern and in
what types of scale to use for measuring similarity of input pattern and
standard pattern. Also, the following could be considered as an evaluation
standard for categorization and identification.

1) Efficiency--The average number and quantity of dispersions of candidate
characters :

2) Precision--Probability of correctness within the candidate character set
or the reverse (erroneous categorization rate)

3) Reliability--Degrees in efficiency decreasing and precision of low-
quality patterns :

4) Simplicity--Fase of realization method, processing speed.

Table 1 is the method for categorization made public thus far and shows the
general tendencies with reference to the above standards. There are no
schemes showing superior characteristics at all points, but it can be said
that those which are simple and capable of high-speed processing are suitable
for general categorization and those that take time but are highly distin-
guishable are suitable for detailed categorization.

3. Categorization Based on Geometric Characteristics

In character recognition, extracting characteristics of character patterns
are divided into those taken from character lines, backgrounds or contours
of borders of both above items. From another viewpoint, characteristics of
character patterns can be classified into characteristics of one whole char-
acter, those which are abstracted with attention to parts of a character and
those which are highly characterized by local accumulating relationships
among characteristics of parts. Some characteristics are represented by
simple scalars while others are represented by multidimensional vectors
depending on to what degree of detail these characteristics are described
respectively. :

Since unlike alphanumeric characters, Chinese characters are complex and
numerous in number, depending on categorization characteristics a powerful
type is necessary. It is important to diversely investigate the target
Chinese character patterns and clarify their nature in order to find effec—
tive categorization characteristics.

In the past, much research was done from such a standpoint and the following‘
are the findings of such results (see Footnote 2).

(1) There are complex Chinese characters and others are simple. If a

quantification scale of complexity can be found, it will be useful for
categorization and identification.
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Table 1. Methods of Categorization and Identification of Chinese Character
Patterns
Type Method Characteristic
Based on Density of Characteristics to correspond with complex-
extracting character ity of character. Easy to extract and hav-
geometric lines ing highest categorization power
characteristics independently.
Background Characteristics to correspond with intui-
pattern of tive representation of character line
peripheral layout
parts
Based on Complexed Characteristics of shaded distribution.
pattern- similarity High capability obtained in a simple opera-
matching degree tion uniformly.
Directivity Characteristics of line-element directional
matching distribution., Much operational quantity

great but high identifying capability of
similar characters.

Those based on
structural
analysis

Relaxation
method

Proportionate

pattern
matching

Effective even for unbalanced deformed
characters. Numerous computational quan-
tity for matching.

Effective for distinguishing against simi-
lar character. No established method is
available yet.

(2) On the other hand, the circumference of Chinese character pattern (con-

tour part) also contains much identifying information.

Effective character-

istics can also be extracted from this.

(3) Since the Chinese character pattern is diversified, a uniform categori-
zation would be easier by not only using one method, but also using multiple

methods together.

Table 2 graphically shows representative categorizing procedures from the

viewpoint of characteristics extraction.

What sort of characteristics

were extracted from each character pattern is outlined below.

Complexity index and average number of lines include densities of character
lines measured in longitudinal, traversal (oblique) directions and intui-

tively correspond to the number of strokes.

Stroke density distribution,

directional contributory density, etc., are characteristics detailing these

types.
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Table 2.

Distribution of Numbers of Loops in Chinese Character " B " [TA]

Number of
loops 0 1 2 3 4 Total
Data base
ETLY9 number 40 41 58 37 24 200
(percent) (20.0) (20.5) (29.0) (18.5) (12'0), (100)
ETL8 number 34 34 31 34 27 160
(percent) (21.3) (21.3) (19.4) (21.3) (16.9) (100)

Area between lines, background area and peripheral pattern are characteris-
tics noting the blank area of a character--that is, its background. The
area between the lines of the blank area of adjacent lines. The shape and
background area is the the length from top, bottom, left, and right charac-
ter frame sides to the outermost contour character lines (state of indenta--
tion), and the peripheral pattern is the characteristics dividing this
characteristic into small areas for vectorizationm.

Contour line length is the characteristic related to general shape and
length of contour line (complexity of character periphery) positioned at
the outermost contour as viewed from top, bottom, left, and right character
frame sides.

Peripheral distribution is the characteristic obtained by addition of
numbers of character lines, and the length of blank, and the dark areas
from one character frame side to the opposite character frame side.

Characteristic locus is the characteristic of extended feelers from top,
bottom, left, and right and the line segments which intersect until the
character frame side is reached. The structure-integrated characteristic
is obtained by enhancing this characteristic for the purpose of reflecting
character lines inclined toward blank areas.

As mentioned above, there are numerous characteristics in the classification
of Chinese character patterns. However, when multiple kinds of characteris-
tics are combined as one categorizing technique, it is also important that
the characteristics are of different nature. That is, the point is to inves-
tigate how individual characteristic values change the input patterns by the
added noise and selecting those which behave complementarily.

Since the categorizing technique based on extraction of geometric characteris-
tics is often used for general categorization, methods of computing character-
istic values are generally simple. For example, the characteristics shown in
Figure 2 are all extracted by scanning the input pattern in longitudinal,
traversal, and oblique directions.
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Figure 2. Various Methods of Extracting Geometrical Characteristics

The barter durve shown in Figure 3 is conveniently used to visually grasp
categorization characteristics. To obtain these curves, it suffices to
enter many patterns into a categorizing system and to obtain the number of
average candidate characters N and erroneous categorization rate E, with
the discrimination threshold value as the parameter. Naturally enough, the
efficiency (small N) and the precision (small E) are factors which contra-
dict each other. That a technique which does not come off the allowable
area on the N-E plane even if character quality deteriorates--that is,
which is highly reliable--is known to be satisfactory.

N (average number of
candidacy characters)

Loy-quality
g %acters
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(¥sk) T
E"E (Erro ?ﬂ
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Figure 3. Relationship Between Categorization Effectiveness and Categori-
zation Precision

4. Categorization Based on Pattern Matching

After various kinds of Chinese characters have been generally categorized,

processing enters the stage of categorizing obtained candidate characters
in more details. Think about a case where a person reads Chinese characters.
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1f an adult, he would read Chinese character patterns of complex shapes with-
out difficulty at an amazing speed, an unbelievable speed so it is question-
able whether a detailed analysis of geometric shapes of Chinese character
patterns was made. Rather, it is believed that through quickly grasping
overall characteristics of Chinese character patterns, a comparison is made
with standards acquired by lengthy education and learning. Such a method

is also being widely used in the case where a machine is made to read Chinese
characters. That is, the method is in seeking characteristic patterns that
represent Chinese character patterns as a whole, to superimposing the pattern
on standardized characteristic patterns calculated beforehand for individual
types of characters, and identification made based onthe degree of matching
these patterns. Of the Chinese-character-recognizing algorithms that have
been publicized up to now most of those which are near to being placed into
practical use adopt such an approach. This is called the pattern-matching
method.

The greatest advantage of such a method is that if Chinese character patterns
are represented as characteristic vectors, the scale of similarity can be
obtained simply with inner operations, etc., for uniform processing. Also,
since a standard pattern can be automatically. generated, it is considered to
be most suitable for categorization of the several thousand kinds of Chinese
characters. However, with regard to the types of characteristics, there is
a limitation in image processing capability of a machine which is far
inferior to that of a human comparatively as to precision and speed. At
present it is not in the stages which allow high-speed extraction of charac-
teristics as efficiently as when extracted by a human. The current status
is that candidacies, which have been narrowed down to about 100 in general
categorization, have now been improved to several types of candidacies.

A concrete description of the method follows. Pattern-matching techniques
are classified into the following three kinds depending on which character-
istic 1s selected.

(1) Geometric Characteristic

This is the technique which divides a Chinese character pattern into partial
areas of about 4 x 4 or 8 x 4, average sectional geometric characteristics
measured for individual pixels, and represents a Chinese character as a
characteristic vector of 16 to 256 dimensions. As to the kinds of character-
istics, the characteristics described in the previous chapter are detailed
further and used. As a scale of similarity, a simple city block distance is
mainly used, and in addition, the Euclid distance and the Maharanobis' gene-
ral distance are used. Furthermore, the modified Maharanobis' general dis-
tance that ignores covariance is sometimes used. Since when only one kind
of characteristic is used, only capability comparable with that of general
categorization is obtained, multiple characteristics are combined to enhance
capability.
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(2) Line Element Direction

A Chinese character pattern is composed of various strokes, the majority of
them linear. The part and direction of the respective stroke of a Chinese
character pattern becomes an effective characteristic for identification of
the character. Unlike the structure analysis method described in the
following chapter, which does not handle strokes as graphics, this technique
considers the direction of a line element as the component element of the
stroke, and makes the two-dimensional pattern obtained by taking out only
the line elements in the same direction of a characteristic. To be more
concrete, this technique makes a differential pattern obtained by operating
first order differential operators in several directions on a Chinese char-
acter pattern as the characteristic vector. Usually, four to eight direc-
tions are used. There is a report (Footnote 4) (Yasuda, et al., "Improve-
ment of Correlation Method for Character Recognition," Communication Related
Papers (D), J-68D-3, 1985, pp 353-360.) about vagueness being added to the
differential pattern using position-corrected simple similarity as the scale
of similarity. Moreover, the technique which uses complex similarity as the
similarity scale is called a complex structure similarity method (Footnote 5)
(Maeda, et al., "Introducing Local Structure Pattern Matching Method,"
Communication Related Papers, J68-D-3, 1985, pp 345-352.) and is reported to
be effective for identification of similar character structures such as "o M
" w’u and "# "

(3) Shade

A light and shaded image obtained from observation of a pattern can also be
made a characteristic. Since various characteristics as graphics described

so far can all be computed based on this, the information necessary for
identification of Chinese characters can be said to be included in all this.
However, since the information is simple as a characteristic and has not been
condensed, a satisfactory capability cannot be obtained when a simple
similarity scale is used. The best correct reading rate based on simple simi-
larity degree was 74.8 percent for the handwritten Chinese character data base
gathered by the Electron Technical Laboratory (ETL8: 956 kinds of characters
160 persons). (See Footnote 4) The simple similarity degree is the correla-
tion coefficient between an unknown input pattern and the standard pattern,
and if a Chinese character pattern is considered to be a vector in a charac-
teristic space, the simple similarity degree can be said to have the angle
between itself and the standard pattern vector its scale. Therefore, if a
learning pattern set correctly reflects deformation of actual patterns,
diversified deformation of handwritten characters can also be absorbed.

5. Categorization Based on Structure Analysis

A child who has started studying Chinese characters, in learning new Chinese
characters, analyzes one point and one stroke carving their positional
relationships into his brain. A child who has learned Chinese characters

to some degree begins to remember new Chinese characters by combining some-
what larger unit such as the left-hand radical, right-hand radical, or the
already-known Chinese characters used as partial patterns (for example,
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""" [heart] in "#" [love], etc. And, when such a Chinese character is
encountered, the child recognizes it based on theoretical inference by
disassembling it dinto partial patterns, TIn this way, the structure of
Chinese character pattern is in level layers, and the method first thought
up to have a machine read Chinese characters was in making use of this
hierarchy. Input Chinese character patterns are represented separately by
parts and are recognized by matching these representations with each indivi-
dual structure of Chinese characters written beforehand. Since simple
description suffices for the standard type of each Chinese character, it is
easy to teach a machine new Chinese characters in the same way as when a
child is taught Chinese characters. However, this approach has not been
successful so far. This is because there are unexpected cutting and con-
tacting between strokes in handwritten Chinese characters, and no suitable
graphic processing algorithm is available for the correct separation and
integration. According to a report (Footnote 6) (Saito, et al., "JIS Level
1 Handwritten Chinese Character Data Base ETL 9 and Its Analysis," Communi-
cation-Related Papers (D), J68-D-4, 1985, pp 757-764.) on analysis of data
bases, ETL's 8 and 9, even the nature of basic linkage and the number of
holes have not been retained (Table 2). Furthermore, partial disassembly
is deeply related to the long-sustained research called form recognition of
graphics and can be said to be a very difficult issue.

At present, the following two approaches are said to be representative as
realistic and are taken as a structure analysis method:

(1) Symbolic Description of Graphics Matching

This method approximates character contours with straight lines, etc.,
representing a series of Chinese character patterns that recognizes the
character based on symbolic matching. The difference of the symbolic
matching from the matching described in the previous chapter is that for the
latter, the characteristic is a two- or one-dimensional array of scalar
quantities, but for the former, the characteristic is an attributed symbol
series. The unit of description is a smaller segment which configures a
stroke. The characteristic of this method is integration of these segments
to directly identify a character without interpreting. Thus, this method
avoids the difficulty of graphic recognition mentioned earlier. The method
using relaxation (the relaxation method) is typical as a successful example
of themethod. (Footnote 7) (Yamamoto, "Handwritten Education Chinese
Character Recognition Based on Relaxation Matching Method," Communication-
Related Papers (D), J65-D09, 1982, pp 1167-1174.) This method first
approximates character contours with a polygon and makes the side (segment)
of the polygon the descriptive unit. Descriptive items are coordinates of
the starting and ending points, the direction and the length. Then, all the
input segments are made to correspond with the dictionary segments and the
corresponding degree is obtained as an adaptation coefficient. Relaxation
is then applied with the connection and position relationships of segments
as restrictive conditions, and the character which indicates consistent
correspondency as the character as a whole is the result of recognition.
The time required for recognition is longer than that of the pattern-
matching method (a few seconds for one character) but practicalization

is possible through hardware enhancement.
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(2) Sectional Matching

In order to select one character among the few candidate characters selected
by the pattern-matching method, this approach is attentive to partial
patterns of a Chinese character. As many Chinese characters have the same
left radical but a different right radical or only partially differing from
one another like "#" and " #%," they cannot be identified with high preci-
sion by the pattern-matching method. Therefore, it takes notice of differ-
ent parts to find a key to identification.

This method is further subdivided into two categories: a) one generating
mask - of partial patterns for pattern matching and b) another separating
partial patterns as graphics. Recognition is made through using either of
the methods. Both are used in the detailed identification after pattern
matching. Since in this case, the radical type and the kind and approximate
position of the partial pattern to be noted are known in advance, top-down
processing becomes possible and partial division becomes comparatively easy.
In this approach, processing distribution described in Chapter 1 is being
effectively conducted to make the cost-effectiveness ratio optimum. How-
ever, when deformation of many handwritten characters are taken into con-
sideration, the techniques for partial pattern extraction and identification
of the position are still unrefined and functional improvement to be attained
by this method is not expected at present to be so great. Research in the
pattern-matching method has cometo a halt, and research in this field will
probably become active in the future.

6. Handwritten/Printed Chinese Character OCR (Optical Character Reader)

It is comparatively long ago, going back about 15 years, that research in
Chinese character recognition started in Japan. During this time, research
has evolved from recognition of printed Chinese characters (see Footnote 2)
to. that of handwritten (see Footnote 1) characters and research has recently
progressed to product development stages. The purposes and effects of cate-
gorization techniques are to be shown more concretely here with a system
(see Footnote 3) capable of reading handwritten and printed Chinese charac-
ters as examples.

The first level layer of this system is the general categorization based on
extraction of geometric characteristics and enhances the categorization effect
by combining complementary characteristics such as "average number of lines,"
"background area," "contour length," etc., from among the characteristics
shown in Figure 2. The secondary level is the identification based on

degree of complex similarity, which is one of the pattern-matching methods,
and provides stable recognition capability for the deteriorated print

quality and deformed handwritten character. The third level is the detailed
jdentification which performs contour analysis with circular arc approxima- .
tion and is used for similar character discrimination based on top-down
driving. The postprocessing in the fourth level differs in that it pro-
cesses a symbol called a character line as a result of recognition rather
than processing at the level mentioned so far as the pattern level. That is,
this method reduces the vagueness of pattern recognition and using knowledge
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of words and syntax selects and outputs the character line which is proper
as Japanese language.
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Figure 4. Concrete Example of Candidate Character
Reduction

Figure 4 shows a typical example of candidate character reduction in the
Chinese character recognition system. Each input pattern is a handwritten
Chinese character without any restriction. The following were noticed from
these examples.

(1) Complex characters (%, 23 strokes) and simple characters (#, 5 strokes),
and characters with peripheral characteristics (%) have already been sub-
jected to extensive candidate character reduction in the general categoriza-
tion stage.

(2) By individual recognition based on pattern matching, candidate charac-
ters are further narrowed down, being among the correct solutions within the
number of high-order characters.

(3) By structure analysis, those similar characters with few strokes are
discriminated, while in postprocessing, those with numerous strokes are dis- -
criminated, resulting in final reading.

Finally, the first domestic commercialized machine, OCR~V/595 (Photo 1)
[omitted], is introduced. The OCR is of the configuration where module for
recognition of handwritten and printed Chinese characters is appended to the
main body that reads alphanumeric characters and the Japanese syllabary:
Table 3 shows the standard specifications in the case of handwritten

Chinese character recognition.

7. Postscript
This article introduced categorizing techniques to efficiently recognize

several thousands of Chinese characters and one example of a Chinese char-
acter recognizing system using these techniques.
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Table 3. Standard Specifications for Written Character Recognition (OCR-V/595)

Read character and the like 2,200 types of printed written characters
Character recognition speed 50 characters per second

Modification format . Candidate selection and Kana-Kanji conversion
Knowledge base Address, name, other (such as company or

commodity name)

Although the number of Chinese characters are numerous and complex, they are
easy to understand, This is what is experienced daily. Probably, the Chinese
character pattern effectively laying out diversified graphic elements on a
two~dimensional plane conforms well to the characteristics of human vision and
memory, Also, it is pointed out that anyone who had studied Chinese charac-
teristics of human visonand memory. Also, it is pointed out that anyone had
studied Chinese characters well passes the stages of overall recognition,
partial recognition, and finally, recollection of the meaning and reading in
this order when recognizing a Chinese character. (Footnote 8) (Watanabe,
"Chinese Characters and Graphics," NHK BOOKS 264, Nippon Hoso Kyokai, 1976.)
The Chinese character OCR described in the previous chapter is very interest-
ing in that coincidentally it takes a similar pattern to that as described
above.

Reading Chinese characters by machine is important not only from the stand-
point of pattern recognition, but also from the aspect of social needs that
involve enhancement and spread of Japanese information processing. For
example, in order to build data bases for patents, literature, real estate,
commercial registration, newspapers, enterprise management information, etc.,
and conduct retrieval services, it goes without saying that input automation
is a prerequisite. In this sense, high-speed inputting of massive data by
using a Chinese character OCR is realistic and effective and has already
been put into practical use. On the other hand, demands for direct inputting
of handwritten characters and printed matter have increased in offices and
homes. To respond to these needs, processing of documents with pictures
where characters, illustrations, and photographs are mixed, high-level
language knowledge processing which automatically performs checking of
erroneous reading and keyword extraction, etc., will become important in the
future. Further developments in character and graphic pattern recognizing
technologies are expected. '

20111/9365
CSO: 4306/1531

40



COMPUTERS

RECENT PROGRESS OF SIGMA SYSTEM REPORTED
Tokyo JECC NEWS in Japanese 1 Feb 86 pp 4,5

[Article: '"Development of Sigma System Aimed at Preventing 'Software Crisis'
and at Promoting High Information Society"]

[Text] The Sigma System is a 5-year development project (1985-1989) called
ngoftware Production Industrialization System." The Information Processing
Association (IPA) (director: Jiro Adachi) has invested ¥25 billion in the
project. The objectives of the system are to prevent a "software crisis' in
the near future and to efficiently systematize software production in Japan.
To attain these objectives, the system aims: 1) to improve quality and produc—
tivity; 2) to prevent duplicated development of software; 3) to improve the
equipment to develop software and to accumulate expertise; and 4) to educate
engineers efficiently.

The Sigma System Development Team (chief: Ken Tsujioka) is in charge of the
development of the Sigma System. It is staffed with about 50 members, includ-
ing those dispatched from enterprises. In order to start fullfledged opera-
tion in 1990, the team aims: 1) to establish a standard developmental
environment which allows the user to develop software independently from the
hardware which actually executes the program; and 2) to establish a network
system for the retrieval and transmission of programs and technical data.

This year marks the second year of the 5-year development plan and is an
important year in establishing the foundation for trial service to begin in
1987.

Software Crisis

There are three reasons for the observation that a software crisis will
certainly come in the near future.

1. Increasing gap between software supply and demand
In accordance with the rapid progress of the information society, the demand
for software has been growing drastically at an annual pace of about 26 per-

cent. On the other hand, technology to develop software has not yet pro-
gressed sufficiently, and software productivity shows almost no improvement.
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The development of software still depends upon manual labor, while the number
of software engineers grows by only 13 percent annually. Because of these
factors, it is forecast that there will be a shortage of about 600,000 soft-
ware engineers in 1990.

2. Increasing software cost against cost of the entire computer system

The cost of hardware has been declining due to the progress of electronic
technology, while software has become larger and more complicated due to the
more advanced hardware. The technology to develop software efficiently, how-
ever, has not yet developed sufficiently. On the otherhand, more and more
accumulating software has been increasing maintenance costs. In this situa-
tion, it could be that software will cost 5 or 10 times more than hardware.
The percentage of software cost in information processing costs has been
steadily increasing.

3. Need for high quality software

Since computer systems are being used more and more in the important fields
of society, there have been increasing needs for more secure and reliable
systems. There is also another increasing need for software among nonpro-
fessional users in the booming field of personal computers. 1In either case,
users are now looking for higher quality software. This tendency is likely
to be promoted further in the future.

Structure of the Sigma System
As indicated in Figure 1, the Sigma System consists of three major sections.
1. The Sigma Center

The Sigma Center controls and coordinates the entire Sigma System. It plays
the role of data base for the program products such as tools and modules, as
well as for technical data. Tt also offers a network service such as elec-
tronic mail and file transmission. The Sigma Center consists of five sub-
systems which are described in Figure 2, These five subsystems have the
following responsibilities:

a. Network service subsystem: This subsystem controls and coordinates the
entire network of the Sigma Center. It plays the role of FEP (front end pro-
cessor) for the other four subsystems.

b. Data base service subsystem: This subsystem controls and coordinates a
data base and files accumulated in the Sigma Center. It provides users
with information, tools, and packages.

c. Developmental environment subsystem: This subsystem provides the staff
members of the Sigma Development Team with the environment to develop the
Sigma System. It supports the team to develop and test tools. It also
helps them promote computerization in their office. With the introduction
of two UNIX computers in fiscal 1985 (VAS 785 was installed last November),
the subsystem will be operable in fiscal 1986.
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d. Demonstration center subsystem: This subsystem provides a demonstration
environment for the Sigma System, and executes demonstration on request.

e. EPD center subsystems: This subsystem processes daily business chores to
be generated when the Sigma System starts its business operation.

2. Sigma Network

This is a logic network linking the Sigma Center and users through which
programs and data will be transmitted. This network will use DDX packet
network service for its communications circuit with transmission speed,
reliability and economy being considered. For telephone network users, it
will use a network linkage service which allows users to use a DDX packet
network through a telephone network. The question will be discussed in the
future as to how to link the Sigma Center with external networks, external
data bases and external target machines for test runs (the computer which
executes the program developed is the Sigma WS).

1PM will decide the protocol, im addition to the protocol which is currently
supporting the UNIX communications function, considering the future trend of
UNIX and ISO's attempt to develop standard open system interaction (0s1).

3. User site

This section features workstations and multiple-use computers to be linked
with the Sigma network through Sigma 0S and the data base and general com-
puters for test runs communicated through the Sigma gateway. These facili-
ties are installed by users.

The Sigma workstation (Sigma WS) is the software developmental facility (soft-
ware and hardware) installed by users. Its cost performance allows one soft-
ware engineer to use one computer. A prototype Sigma WS will be constructed
with the hardware supply described in Table 1 and with Sigma 0S-VI as the
operating system. It will be used when the Sigma System begins trial
operation in 1987.

Sigma 0S is an operating system for software development to be applied to

the user site. It has two functions: the AT&T edition UNIX and the Berkley
edition UNIX. Software developmental tools of either edition can be opérated
through the Sigma 0S. Also, Sigma 0S will have other functions such as
Japanese processing, graphics, multiwindows, data base, and powerful communi-
cations. Sigma 0S-VI is the first edition of Sigma 05 defined by IPA.

Available Service From the Sigma System

The Sigma System aims to dramatically improve the productivity and reliabil-
ity of all software production in Japan. This will be assisted by the
standard operating system for software development installed at user work-
stations, and by various functions of the Sigma Center. The Sigma Center
provides users with the following service:
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Table 1. Prototype Sigma WS Hardware Supply (Plan)
Requirements Note
Price ¥3 million
CPU 32 bits
Performance 1 MIPS or more

Floating pointprocessor
Main memory capacity
Magnetic disk
Streamer MT

Floppy disk

Serial 1/F

Parallel I/F

Display device

Basic components

Pointing device

Standard supply

4 MB or more

80 MB or more

40 MB or more

5 inches 1.6 MB
RS-232C, four or more
One centronics or more

Bit map

(1,000 x 1,000 dots
or more)

Four windows or more

*Colors optional

Mouth, two buttons or
more

To be built in CPU board

5 inches

Format to be decided later

Size: 14"-20"

Display speed: 1 sec/l
screen or less

(In case of full screen
displayed with kanji)

Laser printer

Additional functions

Global network x.25
interface

Standard bus GP-1B

Serial I/F RS-422

300 dots/inch or more
A4 size: 10 sheets/
minute or more

Keyboard JIS modified type Requirements in keyboard
such as function keys
to be determined later

Communications LAN IEEE 802.3 inter-

interface face

For linkage with IMB-ICE
(In-circuit Emulator)

Thermal, dot impact types
can also be used

1) An operating system for the development of standard software applicable
to the software developmental business.

2) Data base service such as retrieving information concerning software
development supporting tools, multiple-use programs, and software modules,
or the programs themselves and related information, including data on
systematized technologles to develop software and reference books.
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3) Network service which allows users to use data base service at user

sites all over the country, and file transmission and electronic mail service
so users will be able to transmit documents and exchange information with
other users., '

4) Education programs to train users on how to use the Sigma System and to
provide knowledge on software development technologies,

Advantages of the Sigma System

The most vital advantage of the Sigma System lies in the dramatic improvement
of software productivity and reliability. Tt is also expected to help greatly
improve the software developmental environment, and promote distribution of
individual software resources.

1. Improvement of software productivity and reliability

The Sigma 0S is perfect for software development. In addition, wvarious tools
will be available at the Sigma Center. The general tool market will be
expanded since tools will become more compatible. Unified operating proce-
dures will make engineers learn it easily in depth. Various information on
software development will be available ‘on a timely basis at a cheaper cost.
All these factors will drastically increase software productivity and
reliability.

2. Promoting distribution of individual computer resources

By sharing the common developmental environment linked by network, each
user will obtain closer access to software resources which each user keeps
individually. Distribution of packaged programs will also be further promoted.

3. Improvement of developmental facilities

The Sigma WS is a standard environment for software development independent
from hardware. Therefore, users can concentrate on the Sigma System free from
the trouble of developmental facilities which occurred when they had to devel-
op software for more than one computer in different models.

4., Improvement of user education

The Sigma System will have HELP and menu functions to help users. The Sigma
System will make CAI programs to educate users on how to use tools provided

by the Sigma System and how to develop software. Thus, user education will

become more efficient.

5. Establishment of standards in developing software and 