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The proposed three new calculating

modules, MAX/MIN, NOT/THROUGH, and
SUP/THROUGH operating modules, can be
used to calculate the membership func-
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changed to a ©binary operation by an
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operating module calculates MAX and MIN
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2. Fundamental diagram of modules
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Fig. 1
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fuzzy logic, the image is formed by the
parallel 1light passing through an aper-
ture or by the light from another module.
The module outputs both calculated image
and its complimentary image of the mem-
bership function.

2-2 MAX/MIN operating module

Fig. 2 shows a fundamental optical

diagram of the MAX/MIN operating module.
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Fig. 2 Fundamental optical diagram on
calculation of MAX and MIN opera-

tion.

Incident lights representing member-

travel
The half of
light representing the image of M (

ship functions, M1 and HD
along two 1light paths.

right side in Fig. 2 ) passes through
the half-mirror. The half of light
representing the image of Up ( left
side in Fig. 2 ) is reflected by another
half-mirror, and the 1light 1is synthe-
sized with the light passing through the
right half-mirror. If a screen could

be set up between the right half-mirror

and a light shutter-B, the synthesized
light would form an 1image on the
screen so that both or either of +the

lighted parts of inputted two images
will become the lightest part.

The light passing through the left
half-mirror irradiates an aperture.
The aperture restricts the light passing
through it to form an image representing
the membership function M . Chang-
ing this shape, a 1liquid crystal display
(LCD) may be useful. If a screen could

be set up between this aperture and
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2-3 NOT/THROUGH operating module

Fig. 3 shows a fundamental optical

diagram of the NOT/THROUGH operating
module.

This module turns the inputted image
upside down by rotating the image.

The rotated image shows a compliment of
inputted image because the inputted image

has two pictures that are complementary
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other. An rotator
composed of three mirrors can easily
invert the top and bottom of the input-
ted image. A half mirror is used to
split the inputted image into two paths.
The light passing through the half mirror
is passed to the light shutter-A.
Passing the inputted light image to this
in the complement image

The light shutter-B
inputted light image

to each image

shutter results
being outputted.
passes the through

the module without any transformations.
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2-4 SUP/THROUGH operating modules

Fig. 3 optical diagram on

THROUGH

Fig. 4 shcws a fundamental optical dia-
gram of the SUP/TROUGH operating module.
The light passed through the light

shutter-A is integrated along the hori-
zontal direction wusing a c¢ylindrical
convex lens. An optical fiber dif-

fraction grating disperses the integrated

light Thorizontally. The diffracted
light shows an image of which the verti-
cal width is equivalent to the maximum

value of the inputted membership func-
tion. The cylindrical convex lens
changes the diffracted 1light into a

parallel light and sends it out to the
next module. When the light shutter-A
is blinded and the light shutter-B allows
the light to this
outputs the image

module
without
other module.
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Fig. 4 Fundamental optical diagram on
calculation of SUP and THROUGH

operation.

3. Image processing by modules
3-1 MAX/MIN operating module

Fig. 5 is a photograph of the optical
arrangement for MAX/MIN operating module.

Fig. 6 shows resultant images
operation be-

tween membership function 114 and (g

which are shown in Fig. 2. In the
experiment, the apertures were used
instead of the LCD shutters.

k/‘
Fig. 5 Optical arrangement of MAX/MIN

module.

(by MIN operation)
Fig. 6 Resultant images by calculation of
the MAX and MIN operations.

(by MAX operation)
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3-2 NOT/THROUGH operating module
Pig. 7 shows the photograph of the
NOT/THROUGH module. .
Fig. 8 shows resultant images formed
by the
module. In this

light passing through this
experiment, the
apertures were also used instead of the

LCD shutters.
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Fig. 7 Optical arrangement of NOT/THROUGH

module.

{by NOT operation)(by THROUGH operation)

Fig. 8 Resultant images Dby calculation

of the NOT and THROUGH operations.

3-3 SUP/THROUGH operating module

Fig. 9 1is the photograph of the
SUP/THROUGH module.

Fig. 10 shows resultant images formed
by the light outputted
ule.

from this mod -

Fig. 9 Optical arrangement of SUP/THROUGH
module

(by THROUGH operation) (by SUP operation)
Fig, 10 Resultant images by calculation

of the SUP and THROUGH operations.

The photographs of the images shown
Fig. 5, 6 and 7 certify that these
modules can calculate MAX, MIN, NOT, and
SUP operations based on fuzzy logic.

4. Conclusion

This paper showed that three optical
modules can output the images transformed
by fuzzy operation.

A general purpose optical fuzzy com-
puter is needed to develop other modules,
a multiplexer, a demultiplexer and a
gate. An image converter using an LCD

is useful to make +the resultant image

clear. The author is developing these
modules and the LCD image device.
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