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[57] ABSTRACT

In a photographic apparatus for printing an original
image on a photosensitive material, focusing is con-
ducted at two different points, and the positions of an
ease] and a lens at the time of the second focusing are
calculated according to the lens formula from the travel
amounts of the easel and lens between the first and
second focusing positions as well as the focal length of
the lens. When the focal length of the lens is unknown,
focusing is performed at three points, and the positions
of the easel and lens at the time of the third focusing are
determined with the lens formula. Pulse motors used to
move the easel and lens are controlled by a microcom-
puter, which adds the number of pulses for forward

‘rotation of the pulse motor and subtracts that for back-

ward rotation. The microcomputer counts and stores
the number of pulses indicative of the present positions
of the easel and lens. Their initial positions are detected
based on the second focusing positions for checking the
standard mounting positions of the detectors for the
easel and lens. The mounting positions of these detec-
tors are stored in the microcomputer as the standard
positions for use in the compensation for step out.

3 Claims, 7 Drawing Figures
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METHOD OF AND APPARATUS FOR DETECTING
INITIAL POSITION OF EASEL AND LENS IN
PHOTOGRAPHIC APPARATUS

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifica-
tion: matter printed in italics indicates the additions made

by reissue.

BACKGROUND OF THE INVENTION

{. Field of the Invention

This invention relates to a photographic system used
for printing an original image on a photosensitive mate-
rial such as enlarger, process camera, COpying camera,
etc. and more particularly to a method of and apparatus
for detecting the initial positions of an easel and a lens
wherein focusing operations are performed at two or
three different positions to determine the initial posi-
tions of the easel and the lens.

2. Description of the Prior Art

Conventional photographic apparatus such as enlarg-
ers are designed so that an easel holding a photosensi-
tive material and a lens can move vertically along a
stay. When the easel is set ina desired position, the lens
travels automatically to a position determined by the
lens formula to focus an image on the photosensitive
material in the easel. In one type of such focusing sys-
tems, a cam mechanism interlocked with the easel is
provided to move the lens to a required position accord-
ing to the position of the easel. In another type of such
systems, a microcomputer 1s used to calculate the re-
quired position of the lens, and the lens is moved to the
position by use of a servomotor by measuring the lens
positions with a potentiometer.

With such conventional systems, an extreme caution
must be paid not only to the accuracy of the cam mech-
anism and the potentiometer but also to be mounting
positions thereof. This is because the lens and the easel
are moved while the current positions thereof are mea-
sured with the cam mechanism and the potentiometer.
In addition, the easel is considerably heavy and the stay
for guiding the easel may be deformed during transpor-
tation due to the weight of the easel. In this case, ex-
tremely troublesome adjustments are required for the
cam mechanism and the potentiometer.

To solve such a problem, a puise motor may be used
as a drive source to travel the easel and the lens, and the
current positions of the easel and the lens may be de-
tected by integrating the number of pulses that have
been input to the pulse motor. However, when using a
system in which a pulse motor is used and the positions
of the easel and the lens are detected based on the num-
ber of pulses input to the pulse motor, it is necessary to
specify the initial positions of the easel and the lens. For
this purpose, indicators or the like may be mounted on
the stay to indicate the initial positions of the easel and
the lens. However, this method using indicators or the
like involves the same disadvantages as those encoun-
tered in the conventional enlargers described above.

Moreover, with the method wherein the initial posi-
tions of the lens and of the easel are specified by a me-
chanical means, the position of the principal point of the
lens must be corrected when the lens has been replaced
with a new one. This is because the distance between
the lens mounting plane and the position of the principal
point of the lens alters due to the lens replacement.
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2
SUMMARY OF THE INVENTION

The object of the present invenuon is to nrovide a
method of an apparatus for detecting the initial posi-
tions of the lens and the easel, which can correctly
detect such initial positions and can eliminate the disad-
vantages of the conventional systems as described
above.

Another object of the present invention 1s to provide
a method of and apparatus for detecting the initial posi-
tions of the lens and the easel, which can determine such
initial positions even when the position of the principal
point of the lens is unknown.

The present invention 1s distinguished by the fact that
focusing is carried out at two different points, and that
the positions of the easel and the lens which are located
at the positions (i.e., initial positions) where the second
focusing is conducted are calculated by use of the lens
formula from the travel amounts of the easel and the
lens between the first focusing positions and the second
focusing positions, and from the focal length of the iens.

In case the focal length of the lens is unknown, focus-
ing is carried out at three different points, and the pOSi-
ions of the easel and the lens which are located at the
positions where the third focusing 1 conducted can be
determined by use of the lens formuia.

In a system for conducting the above-mentioned
method according to the present invention, pulse mo-
tors are used to move the easel and the lens. The pulse
motors are controlled by a microcomputer, which adds
the number of pulses for forward rotation of the pulse
motors and subtracts that for backward rotation
thereof. Thus the microcomputer counts and stores the
number of pulses that are indicative of the current posi-
tions of the easel and the lens. The initial positions of the
easel and the lens are detected based on the second
focusing operation and are used for inventigating the
standard mounting positions of the detectors for the
easel and the lens. These standard mounting positions of
the detectors are stored in the aforesaid microcomputer
as the standard positions for step out compensation.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic view showing an enlarger ac-
cording to the present invention,

FIG. 2 is a perpective view of the rotational position
detector used according to the present invention,

FIG. 3 is a cross-sectional view of the photocoupler
used according to the present invention,

FIG. 4 is a block diagram of the control circuit used
according to the present invention,

FIG. 5 is a plan view of the operation keys used
according to the present invention,

FIG. 6 is an explanatory view showing the positions
of the lens and the easel when the first and second focus-
ing operations are carried out, and

FIG. 7 is a graphical representation showing the
relationship between the outputs of the position detec-
tors and the number of pulses stored in the microcom-
puter.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Now the present invention will be described in detail
with reference to the drawings.

Referring to FIG. 1, an original 1 such as a negative
film is illuminated by a light source 2 which 1s located
below the original 1. An image recorded in the original
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115 projected on a photosensitive material 4 through u
lens 3.

The lens 3 1s mounted on a lens holder plate § a part
of which engages with a feed screw 6. The feed screw
6 1s mounted on the output side of a speed reducer 7,
which 1s 1in turn connected with an output shaft 9 of a
pulse motor 8 for lens. On the output shaft 9 is mounted
a rotating plate 10 whose rotational position is detected
by a photocoupler 11.

Referring to FIG. 2. notches 10a and 10b are formed
al two positions in the rotating plate 10. These notches
102 and 10b range over 90° along the periphery of the
plate 10 and are 180° spaced apart from each other.

As shown in FIG. 3, a light source section 11b and a
light recetving section 11c of the photocoupler 11 are
positioned on both sides of a recess 11a through which
the periphery of the rotating plate 10 passes while rotat-
ing to detect the existence of notches 10z and 10b of the
rotating plate 10.

The above-described pulse motor 8 for lens rotates in
both forward and backward directions io vertically
move the lens holder plate 5 along a stay 12. On the lens
holder plate §, a light shielding plate 13 is mounted to
open and close the light path in a photocoupler 14
which is located at a predetermined position, thereby
making it possible to detect that the lens 3 reaches the
standard position. This photocoupler 14 may be of the
same type as that shown in FIG. 3. A microswitch 15
detects the lens 3 reaching the lower limit position
thereof and stops the rotation of the pulse motor B for
lens.

The aforesaid photosensitive material 4 is retained in
an easel 17 and travels up and down along the stay 18.
The standard position of the easel 17 is detected by a
combination of a light shielding plate 19 and a
photocoupler 20. A microswitch 21 detects that the
easel 17 reaching the lower limit position thereof.

The above-mentioned easel 17 is connected with one
end of the chain 22, which moves the easel 17 vertically.
The chain 2 engages with sprocket gears 23 and 24, and
the other end thereof is connected to a return spring 25.
The sprocket gear 24 is mounted on a speed reducer 26
and driven by a pulse motor 27 for easel. On the output
shaft 28 of the easel pulse motor 27 is mounted a rotat-
ing plate 29, which may be of the same type as that
shown in FIG. 2. The existence of the notches of the
plate 29 is detected by a photocoupler 30.

Referring to FIG. 4 showing a block diagram of a
control circuit, an input unit 32 has various operation
keys. The signals input thereby are sent to a microcom-
puter 33. The microcomputer 33 sends pulse signals to
the pulse motor 27 for easel and the pulse motor 8 for
lens and rotates the same. The rotational position of the
easel pulse motor 27 is detected by a rotational position
detector 34 which consists of the rotating plate 29 and
the photocoupler 30. Further, the standard position of
the easel 17 is detected by a standard posttion detector
35 which consists of the light shielding plate 19 and the
photocoupler 20. These position detectors are of optical
type using photocouplers. However, they may be of
electrical type detecting the positions by use of mag-
nets, etc.

The rotational position of the aforesaid pulse motor 8
for lens is detected by a rotational position detector 36
which consists of the rotating plate 10 and the
photocoupler 11. Further, the standard position of the
lens 3 is detected by a standard position detector 37
consisting of the light shielding plate 13 and the
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4

photocoupler 14. An alarm 38 gives a warning signal
when step out (deviation of synchronization) occurs
with the pulse motor 27 for easel] or pulse motor 8 for
lens.

Referring to FIG. § showing an input unit of the
microcomputer, reference characters 40 through 49
denote ten keys. and 50 denotes 2 decimal point key.
Reference character 51 denotes a focal len gthanput key,
and 52 a channel key used to enlarge various sizes of
negative films to a desired printing size. Reference char-
acters 53 and 54 designate input keys for specifying the
auto mode and the set mode. respectively, while §5
designates an auto-manual selector key. Reference char-
acter 56 shows an input key to selectively change over
the travel of the easel and the lens, and 57 a start key.
Reference character 58 shows a home key for setting
the magnification to the “standard magnification” of
each channel, and 59 a position input key. Reference
character 60 designates a write key, and 61 through 63
travel keys for the lens 3 and the easel 17.

Now the operations of the present invention with the
aforesaid composition will be explained below.

First, the set mode key 54 is depressed to seiect the set
mode, which is used to determine the initial positions of
the easel 17 and the lens 3. Then, the key S1 is de-
pressed, and the ten keys 40 through 49 as well as the
decimal point key 50 are depressed to designate the
focal length (f-value) of the lens 3. Finally, the write key
60 1s depressed to write data in a memory of the mi-
crocomputer 33

After the f-value of the lens 3 is input, the auto-
manual selector key 55 is depressed to select the manual
mode. Then, the easel-lens selector key 56 is set to the
easel side.

When the up key 61 is depressed, the pulse signal for
forward rotation is output from the microcomputer 33
to the easel pulse motor 27, and the easel 17 moves
upward. When the down key 63 is depressed, the pulse
signal for backward rotation is output from the mi-
crocomputer 33, and the easel pulse motor 27 rotates
backward to move the easel 17 downward. The key 62
makes the easel 17 travel step by step 1n the direction
determined by the up key 61 or the down key 63.

By operating these keys 61 through 63, the easel 17 is
caused to travel to a desired position. In this case, 1t 1S
preferable that the two points where focusing is carried
out are spaced apart from each other as far as possible.
Therefore, the easel 17 is moved to the lower limit
posttion thereof by use of the down key 63.

Then, the easel-lens selector key 56 is set to the lens
stde, and the lens is moved to a position where the
image is focused by use of the keys 61 through 63. The
position where the image is focused can be found by
looking in the easel 17 and finding out a position where
the image seems to be focused, printing while moving
the lens in the vicinity of that position, and finding out
the sharpest photograph among the photographs thus
obtained. The lens 3 is then returned to the position
where the sharpest photograph was printed.

After carrying out the first focusing described above,
the position input key 59 is depressed and the number of
pulses stored in the microcomputer 33 is cleared. That
1S, the microcomputer 33 adds the number of the pulse
signals for the forward rotation of the pulse motor,
among the pulse signals input to the pulse motor, and
subtracts the number of the pulse signals for the back-
ward rotation of the pulse motor. In this way, the mi-
crocomputer 33 controls the current position of the
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easel 17 and the lens 3 by means of the number of pulses
calculated through the addition and subtraction. There-
fore. the travel amounts (i.e.. number of pulses) of the
easel 17 and the lens 3. which have travelled 10 the first
focusing position. have been stored in the microcom-
puter 33. The number of pulses stored is cleared by use
of the aforesaid position input key 39.

The easel 17 is travelled to the upper limit position
thereof. where the second focusing is carried out. Al
this point of time. the travel amounts of the easel and the
lens with reference to the first focusing positions be-
come apparent. After this second focusing is completed,
the start key 57 is depressed. and the calculation 15 con-
ducted on the basis of the lens formula to determine the
current position (i.e., initial position) of the easel 17 and
the lens 3.

Diagram (A) in FIG. 6 shows the position of the lens
3 and the photosensitive material 4 when the first focus-
ing is carried out. The position of the photosensitive
material 4 is equivalent to that of the easel 17.

From the lens formula, the following is established:

/%] + /vl —x)=1/4 . . (H)
wherein f is the number of pulses corresponding to the
focal length of the lens, x1 is the number of pulses corre-
sponding to the distance between the original and the
lens, and vy is the number of pulses corresponding to
the distance between the original and the photosensitive
material.

In Equation (1) above, the number of pulses is used
for each of x1, yl and f. Therefore, conversion calcula-
tions are necessary when the travel amounts of the easel
17 and the lens 3 per unit pulse are different.

Diagram (B) in FIG. 6 shows the position of the lens
3 and the photosensitive material 4 when the second
focusing is carried out. In this case, the following equa-
tion holds:

1/x2+1/4y2—x)=1/. .. (2)
Now the number of pulses required for the travel
from the first focusing position to the second focusing
position is represented by Ax1 for the lens 3 and Ayl for
the photosensitive material 4. When using Ax] and Ayl,
Equation (1) can be described as follows
l/(xZ—ﬁxl)+l/’(yZ-xZ—ﬁy]}:l/f. . {3)
Values Ax1, Ayl and f are known. Therefore, the
initial positions x2 and y2 can be determined by solving
the simultaneous equations, i.e. Equations (2) and (3).
Thereafter, the easel 17 and the lens 3 are made to
travel to the positions of the standard position detectors
35 and 37, respectively. When the amounts of these
travels are Ay2 and Ax2, the standard position of the
easel 17 is (y2 — Ay2), and that of the lens 31is (x2 — Ax2).
These standard positions are stored in the nonvolatile

memory of the microcomputer 33.
The lens position described above is the position of

the principal point of the lens. Accordingly, the afore- 60

said operations are carried out for each lens, and the
value of the standard position of each lens is stored.
When the lens is changed, it is sufficient to designate the
type of the new lens.

After performing the aforesaid setting operations, the 65

auto mode key 53 is depressed to select the auto mode.
In the auto mode, the easel 17 travels when the keys 61
through 63 are depressed. The number of pulses corre-
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sponding to the position of the easel 17 during the travel
is already known. Therefore, when the easel 17 travels,
the microcomputer 33 calculates the position of the lens
3 based on the lens formula, and outputs the number of
pulses necessary to move the lens 3 to the calculated
position. Thus the lens pulse motor 8 rotates, and the
lens 3 travels in a manner following up the travel of the
easel 17. thereby to accomplish focusing automatically.

Further. when the channel key 52 and the ten keys 40
through 49 are operated sequentially to designate a
channel (e.g. CH2), the lens 3 and the easel 17 are auto-
matically set to the positions necessary to enlarge a
given size of an original to the desired size.

As described above, the current positions of the easel
17 and the lens 3 are checked in terms of the number of
pulses sent to the pulse motors 8 and 27 for moving the
easel] 17 and the lens 3. Therefore, a focus mismatching
will occur when the value stored in the microcomputer
33 does not coincide with the rotation amount of the
easel pulse motor 27 or lens pulse motor 8 (i.e., when
step out OCCurs).

Such a step out can be checked by using the number
of pulses stored in the microcomputer 33 and the posi-
tion signals of the rotational position detectors 34 and
36. For example, the rotary plate 29 of the position
detector 34 has the notches 10a and 10b at intervals of
50 pulses, and rotates 360" with 200 pulses. As shown In
FIG. 7. therefore, the photocoupler 30 outputs the pOSi-
tion signal whose level is inverted at intervals of 30
pulses. Thus, whether the number of pulses stored
changes by 50 or not may be checked when the output
level of the photocoupler 30 is inverted. For example, tf
the system is set so that the position signal is inverted
when the number of pulses stored is zero, the number of
pulses stored must always be an integral number of
multiples of 50.

Accordingly, during the rotation of the easel pulse
motor 27, it can be found that step out is not occurring
if the number of pulses stored is an integral number of
multiples of 50 when the output of the photocoupler 30
is inverted. If the number of pulses stored is e.g. 403 or
398 at that point of time, it follows that step out IS OC-
curring. In case the number of puises stored is 403, 3 s

subtracted from the number of pulses stored, or three
pulse signals for forward rotation are sent o the casel
pulse motor 27, whereby the step out is corrected. In
case such a number is 398, 2 is added to the number of
pulses stored, or the easel pulse motor 27 is rotated
backward appropnately.

A program for detecting the step out is incorporated
in the microcomputer 33, and such detection is carned
out each time the output of the photocoupler 30 1s n-
verted. In case the degree of step out is high, e.g. 10
pulses or more, the alarm 38 1s alerted. In such a case,
the easel 17 is travelled to the position of the standard
position detector 35. Then, the number of pulses stored
for the easel 17 is corrected to the previously stored
number of pulses for the standard position when the
output of the photocoupler 30 of the rotational position
detector 34 is inverted to the high level after the output
of the photocoupler 20 of the standard position detector
35 is inverted to the high level.

As described above, a combination of the standard
position detector 35 with the rotational position detec-
tor 34 is used. This is because the travel amount of the
easel 17 per pulse is extremely small (e.g. 8/200 mm), sO
that the accuracy of the positional detection is low. On



Re. 32,424

7

the other hand. the rotational position detector 34 can
correctly detect the travel amount per pulse. Therefore,
the standard position is designated by use of both posi-
tion detectors 34 and 35. and a correction is made with
this standard position.

In the same way. the step of the lens pulse motor 8
can be compensated for and corrected with the use of
the rotational position detector 36 and the standard
position detector 37.

In the above embodiment, the f-value of the lens is
known in advance. In case the f-value is unknown. the
focusing is carried out in three different positions, and
three equations are created. Thus initial positions of the
lens and the easel can be determined by solving the
simultaneous equations.

With the aforesaid composition according to the pres-
ent invention, the focusing is conducted at two or three
different points, and the initial positions of the lens and
the easel are determined by use of the lens formula.
Therefore, the present invention provides a higher ac-
curacy than the conventional methods in which the
Initial positions are determined with a mechanical
means. That is, with the method in which the initial
positions are determined mechanically, an error occurs
with reference to the actual value when the mounting
positions of indicators, etc. for Indicating the initial
positions become inadequate or when the stay 1S de-
formed. Such a problem does not arise with the present
Invention.

Further, according to the present invention, the ini-
tial position of the easel and the lens can be determined
even when the position of the principal point of the lens
1s unknown.

In addition, in the present invention, the easel and the
lens are made to travel by use of pulse motors, and the
position of the easel and the lens is determined by the
number of pulses that have been input into the pulse
motors. Thus, the present invention can eliminate the
need for using potentiometers or the like to measure the
current positions of the easel and the lens. (Of course, it
1s also possible to use additional detectors such as poten-
tiometers and rotary encoders).

Furthermore, the standard position detectors that can
determine the position according to the lens formula are
installed whereby, when the step out occurs with the
pulse motors, the step out can easily be corrected by
returning the easel and the lens to the standard posi-

We claim:
1. In a photographic system for printing an image of
an original on a photosensitive material,

a method of detecting the initial positions of an easel

- and a lens comprising carrying out the first focus-
Ing by moving an easel and a lens the focal length
of which is known in advance, to find out a position
where the image seems to be focused by looking in
the easel, and placing a photosensitive material in
the easel, printing while moving the lens in the
vicinity of the position, and finding out the sharpest
photograph among the photographs obtained, and
carrying out the second focusing by moving the
easel and the lens in the same manner at a different
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position, and determining the positions of the easel
and the lens with respect to the original at the
second focusing according to the lens formula by
use of the travel amounts of the easel and the lens
from the first focusing position to the second focus.-
Ing position.

2. In a photographic system for printing an image of

an original on a photosensitive material,

a method of detecting the initial positions of an easel
and a lens comprising carrying out focusing three
times at different positions of a lens and an easel. by
moving an easel and a lens [the focal length of
which is known in advance], to find out a position
where the image seems to be focused by looking in
the easel, and placing a photosensitive material in
the easel, printing while moving the lens in the
vicinity of the position, and finding out the sharpest
photograph among the photographs obtained at
€ach position, and determining the positions of the
easel and the lens with respect to the original at the
third focusing according to the lens formula by use
of the travel amounts of the easel and the lens from
the first focusing position to the second focusing
position, and the travel amounts of the easel and
the lens from the first focusing position to the third
focusing position.

3. In a photographic system for printing an image of

an original on a photosensitive material.

an apparatus for detecting the positions of an easel
and a lens comprising an easel pulse motor for
moving an easel holding a photosensitive material
therein, a lens pulse motor for moving a lens, a
microcomputer which calculates the initial posi-
tions of the easel and the lens with respect to the
original at the second focusing according to the
lens formula by use of the number of pulses re-
quired to move the easel and the lens from the first
focusing position to the second focusing position,
wherein each focusing is carried out by moving the
easel and the lens to find out a position where the
image seems to be focused by looking in the easel,
and placing a photosensitive material in the easel.
printing while moving the lens in vicinity of the
posttion, and finding out the sharpest photograph
among the photographs obtained, and the focal
length of the lens and adds the number of pulses for
the forward rotation of the pulse motor and sub-
tracts the number of pulses for the backward rota-
tion of the pulse motor out of the pulses sent to the
pulse motors to store the calculated values, and
standard position detectors for the easel and the
lens have reached specified positions and allow
said microcomputer to calculate said specified posi-
tions by adding to or subtracting from the number
of pulses corresponding to the initial positions
where the second focusing is carried out, the num-
ber of pulses required for moving the easel and the
lens from said initial positions to said respective
specified positions, thereby to store the calculated

positions as the standard positions.
L | & ¥ "
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