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METHOD AND APPARATUS FOR
TRANSMISSION OF INFORMATION IN A
PHOTOGRAPHIC CAMERA

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

The present inventicn provides a method to reduce

the number of signal lines necessary for transmission of

information on the maximum aperture and information
on the minimum aperture of an objective to a camera
body in a photographic camera of lens interchangeable
type.

In a photographic camera provided with an auto-
matic exposure control mechanism of shutter speed
preset, i.e., priority, type, it is necessary to transmit
information on the maximum aperture and information
on the minimum aperture of the objective 1n use to the
automatic exposure control mechanism. Assuming that
a suitable type of film has been selected and a shutter
speed has been set by the photographer, an appropriate
exposure is sometimes impossible depending on the
luminance of the object to be photographed, within an
effective aperture range of the objective. In such a case,
the photographer must be warned of this situation or
photographing must be prevented, for example, by
locking the shutter release. Especially when 1t is desired
to provide a single-lens reflex camera usually used with
a group of various interchangeable lenses with an auto-
matic exposure control mechanism of shutter speed
preset type, transmission of information on the maxi-
mum aperture and information on the minimum aper-
ture is essential, With an automatic exposure control
mechanism of diaphragm present, 1.e., priority, type, on
the other hand, it is necessary for a diaphragm value
preset by the photographer to be transmitted to the
automatic exposure control mechanism; transmission of
the diaphragm value information is preferably done
electrically in view of a fact that the essential part of the
automatic exposure control mechanism comprises an
electronic circuit and the camera itself 1s extremely
small. Thus, a plurality of signal lines are required for
transmission of information on the objective diaphragm
to the camera body and, preferably, the number of these
stgnal lines is as small as possible.

SUMMARY OF THE INVENTION

Accordingly, the present invention reduces the num-
ber of signal lines by deriving an electrical signal result-
ing from an arithmetic operation on an electrical signal
representative of the maximum aperture and an electri-
cal signal representative of the minimum aperture of the
objective, and using the derived signal as the informa-
tion on the maximum aperture to be transmitted from
the objective to the camera body. Specifically, a photo-
graphic camera has a camera body, an interchangeable
lens assembly mounted on the camera body, and an
automatic exposure control mechanism located in the
camera body. The mechanism responds to a first binary
signal representative of a maximum lens aperture value
in binary code and a second binary signal representative
of a minimum lens aperture value in binary code. The
first signal has a given number of binary bits. The sec-
ond signal is generated in the lens assembly. A third
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signal representative of the arithmetic difference be-
tween the first and second signals is also generated 1n
the lens assembly. The third signal has a number of
binary bits fewer than the given number. The second
and third signals generated in the lens assembly are
transmitted to the camera body. In the camera body, the
second signal is applied to the mechanism and the trans-
mitted second and third signals are arithmetically added
to derive the first signal, which is applied to the mecha-
nism.

BRIEF DESCRIPTION OF THE DRAWINGS

The features of a specific embodiment of the best
mode contemplated of carrying out the invention are
Hlustrated in the drawings, in which:

FI1G. 1 is a logic circuit diagram i1llustrating an em-
bodiment of a logic circuit for deriving a maximum
aperture signal in a camera body for the case in which
the minimum aperture signal is represented by a single
bit:

FIG. 2 is a logic circuit diagram illustrating an em-
bodiment of a logic circuit for deriving a maximum
aperture signal in a camera body for the case in which
the minimum aperture signal is represented by two bits;
and

FIG. 3 i1s a block diagram of the components of a
photographic camera relating to the invention.

DETAILED DESCRIPTION OF THE SPECIFIC
EMBODIMENTS

In the transmission of information on the maximum
aperture of an individual objective from the objective to
the camera body, it is required to transmit at least ten
items of diaphragm value information, i.e., 1.2, 1.4, 1.7,
2, 2.5, 2.8, 3.5, 4, 4.5, and 5.6 respectively in F-value for
the commercially available group of interchangeable
lens having different fully opened aperture values. Digi-
tal transmission of these information values on the maxi-
mum apertures from the objective to the camera body
requires four signal lines shown by Table 1, in which
C3, Ca, Cj and Cg designate the binary code of a signal
representative of actual maximum aperture correspond-
ing to the respective maximum apertures in F-values.
(This signal is referred to hereinafter as the actual maxi-
mum aperture signal.) As for the information related to
the minimum aperture, on the other hand, the minimum
aperture in F-value which is the largest one of the mini-
mum aperture values of commonly used interchange-
able lenses is used as the reference minimum aperture
and the minimum aperture in F-value of the actually
used objective relative to said reference minimum aper-
ture in F-value is transmitted to the camera body. The
electric signal representative of the difference of this
reference minimum aperture and the minimum aperture
of the actually used objective is hereby defined as the
minimum aperture difference signal. Table 2 shows such
minimum aperture difference signal in the case where
one reference minimum aperture in F-value 1s 22 and
the only other minimum aperture which can be selected
1s 32 in F-value.

It will be understood from the foregoing explanation
that five signal lines are normally necessary for trans-
mission of information on the maximum aperture and
information on the minimum aperture. Now the features
of the present invention will be described 1n reference
with the cases of Tables 1 and 2.
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Based on two findings that, in Table 1, three signal
lines are sufficient for eight maximum apertures and the
maximum aperture in F-value corresponding to the
minimum aperture in F-value higher than a pre-deter-
mined value takes a relatively high value, the present
invention employs as the signal to be transmitted from
the objective to the camera body the maximum aperture
signal expressed by

(1)

maximum aperture _ actual maximum _ minimum aperture
signal aperture signai difference signal

and reproduces this maximum aperture signal as

(2)

minimum aperture

actual maximum _ maxunum aperiure
difference signal

aperture signal signal

The minimum aperture difference signal by is such that
bi =0 when the minimum aperture in F-value 1s 22 and
bj=1 when the minimum aperture in F-value 15 32.
Thus, bg is always equal to zero in arithmetic operation
of formulae (1) and (2). According to the invention, the
maximum aperture signal expressed by formula (1) 1s
applied from the objective to the camera body, the
arithmetic operation of formula (2) occurs in the camera
body to reproduce the actual maximum aperture signal
C1, Ca, Cj and Co. The arithmetic operation for bj=01s
shown by Table 3 and the arithmetic operation for
b;=1 is shown by Table 4. For example, the objective
with the maximum aperture 2.8 in F-value and the mini-
mum aperture 32 in F-value (corresponding to the case
of by =1 as seen in Table 2) outputs the maximum aper-
ture signal 011. In the camera body, a binary arithmetic
adding operation 011 (azajag)+010 (b2b(bg) occurs and
therefrom the actual maximum aperture signal 101 1s
reproduced. As will be understood from Table 1, this
objective has its maximum aperture 2.8 in F-value.
Then, the objective with the maximum aperture 2.8 1in
F-value and the minimum aperture 22 in F-value (corre-
sponding to the case of by =0 as seen in Table 2) outputs
the maximum aperture signal 101. In the camera body,
a binary arithmetic adding operation 101 (azajag)+ 000
(babibg) takes place and therefrom the actual maximum
aperture signal 101 is reproduced. Table 1 indicates that
this objective has its maximum aperture 2.8 in F-value.
It will be evident from the foregoing description of the
examples shown in connection with Tables 1 and 2 that
three signal lines suffice for transmission of information
representative of the maximum aperture according to
the present invention. When the signal line for transmis-
sion of information representative of the minimum aper-
ture is included, the necessary number of signal hines
can be reduced by one according to the present inven-
tion to four: the information representative of the mini-
mum aperture is used in the camera body to derive from
the transmitted maximum aperture representative signal
a usable signal for automatic exposure control.
Although the present invention has been described
hereinabove with the minimum aperture being repre-
sented by a single bit, it is also possible to represent the
minimum aperture by two bits-for example, 00(b)bg) for
22 in F-value, 01(bbg) for 32 in F-value and 11(bjbp) for
45 in F-value—so that the number of the minimum
apertures which can be selected may be increased to
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information related to the actual maximum aperture
remains three. However, such two bit representation
results in the same effect as achieved by the single bit
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representation of the minimum aperture, in that the total
number of signal lines necessary for transmission can be
reduced by one.

FIG. 3 is a block diagram of the applicable compo-
nents of a camera; the system has interchangeable lens
assemblies with two different minimum aperture values,
e.g., a F-value of 22 and an F-value of 32. Four bits of
binary information, namely, ag, a, a2, and bj; are trans-
mitted from an interchangeable lens assembly 10 to a
logic circuit 12, which is located in the camera body on
which the interchangeable lens assembly mounts. By
way of example, bits ag, aj, az, and b could be transmit-
ted from lens assembly 10 to logic circuit 12 by means of
contact pairs at the lens mount constructed in the man-
ner shown in the application Ser. No. 237,987 filed Feb.
25 1981, the disclosure of which is incorporated fully
herein by reference. Bits ag, aj, a2, and bj represent the
maximum aperture signal in the code set forth in Tables
3 and 4. Bits Cg, C1, C3, C3 and by are transmitted from
logic circuit 12 to an automatic exposure control mech-
anism 14, which in this embodiment automatically stops
down the diaphragm to achieve the desired exposure.
Mechanism 14 itself is convention in the art. By way of
example, it could comprise the arrangement described
in application Ser. No. 229,879 filed Jan. 30, 1981, the
disclosure of which is incorporated fully herein by ref-
erence. As illustrated, logic circuit 12 derives five bits of
information at its output from four bits of information at
its input, thereby permitting a reduction in the number
of bits of information that need to be transmitted from
lens assembly 10 to the camera body.

F1G. 1 is a diagram of an embodiment of logic ciruit
12 to execute the arithmetic operation of the formula (2)
when the minimum aperture difference signal is repre-
sented by a single bit. Reference numerals 1 and 2 desig-
nate exclusive OR gates and reference numerals 3 and 4
designate AND gates. F1G. 2 is a diagram of an embodi-
ment of a logic circuit to execute the arithmetic opera-
tion of the formula (2) when the mimmmum aperture
difference signal is represented by two bits. Reference
numerals § to 8 designate exclusive OR gates, reference
numerals 9 to 12 designate AND gates and reference
numeral 13 designates an OR gate. It should be under-
stood that the logic circuits as illustrated by FIGS. 1
and 2 are not limiting and these logical functions may be
implemented in different ways.

The arithmetic operation to be executed by the logic
circuit of FIG. 1 is given by the following logical ex-

Pression:
Co=ayg

Ci=a 1Bb
Cyr=a3par-b

Ci=ajrapby

where @ and - designate exclusive OR and AND, re-
spectively.

It will be understood from the foregoing description
that the present invention permits the number of signal
lines for transmission of information related to the maxi-
mum aperture to be reduced by utilizing information
related to the minimum aperture to be transmitted from
the objective to the camera body. Specifically, a modi-
fied code value for the maximum aperture signal 1s used
in the lens assembly, namely, the coded maximum aper-
ture signal minus the coded minimum aperture signal in
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the code processed by the automatic exposure control
mechanism. This subtraction permits a reduction of the
number of information bits representative of the maxi-
mum aperture value transmitted to the camera body
without creating a negative difference value, because
only a zero value of the coded minimum aperture signal
1s subtracted from the lower values of the coded maxi-
mum aperture signal. In the camera body, the coded
minimum aperture signal i1s added to the modified code
value to reconstruct the coded maximum aperture sig-
nal to which the automatic exposure control mechanism
responds. Although the present invention has been de-
scribed with respect 10 the transmission of digital mode,
the similar transmission may be achieved in analog
mode.

With reference to the following tables, each one of a
plurality of interchangeable lens assemblies adapted for
mounting on a camera body has a minimum aperture
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value and a maximum aperture value. There are a total of 20

no more than 27 different maximum aperture values,
where n=4. As shown in table 1, there are, in this embodi-
ment of the invention, actually ten different maximum
aperture values. There are also among the lens assemblies
no more than 2™ different minimum aperture values,
where m=_2. As shown in table 2, there are in this embodi-
ment actually two different minimum aperture values. As
Sfurther shown in table 1, the maximum aperture values are
assigned, in increasing order, n-bit binary numbers, ie.,
Jour-bit binary numbers, according to natural binary code,
e, Co Cy, Cy Ca As further shown in table 2, the mini-
mum aperture values are assigned, in increasing order,
m-bit binary numbers, Le., two-bit binary numbers, ac-
cording to natural binary code, i.e., by, bg As illustrated by
tables 3 and 4 and equation (1) there is generated an n— I
bit maximum aperture binary signal representative of a
binary number, i.e., a) a), ap equal to the binary number
assigned to the maximum aperture value minus the binary
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number assigned to the minimum aperture value of such 40

lens assembly.
TABLE 1

Reiationship between maximum aperture in F-value
and actual maximum aperture signal

Actual maximum aperture
signal

Maximum aperture

in F-value

1.2
1.4
1.7
2

2.5
2.8
3.5
4

4.5
5.6

A%

C>

0

0O OO

— == 0 O 00 O OO

e

TABLE 2

Relationship between minimum aperture 1n F-value

and minimum aperture difference signal
Minimum aperture difference

Minimum aperture signal
in F-value by
22 0
12 ]

43
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TABLE 3

Case of by = 0 (minimum aperture 22 in F-value)

Maximum aperture Actual maximum

signal ___aperture signal Maximum aperture

a9 aj a0 Cy C+ C; (o in F-value
0 0 0 ¢ 0 0 0 1.2
0 0 | G G 0 ] 1.4
0 ] 0 4 ¢ ] 0 1.7
0 j I 0 0 ] | 2
I 0 0 ¢, ] ¢ 0 2.5

D l ¢ ] 0 ] 2.8

] O 0 ] } 0 3.5

] | 0 ] i ] 4

TABLE 4

Case of b) = 1 (mintmum aperture 32 in F-value)
Actual maximum

Maximum aperiure

signal aperture signal Maximum aperture

ay a1 ag Cy Cy C; g in F-value

0 0 G 0 0 ] 0 1.7

0 0 ] 0 ! i 2

0 i 0 0 ] 0 0 2.5

G I ] 0 ] O I 2.8

] 0 0 0 I l 0 3.5

} 0 1 0 | I I 4

I I D i 0 0 0 4.5

] 1 1 ! 0 0 1 5.6

What 1s claimed 1s:

1. In a photographic camera having a camera body,
an interchangeable lens assembly mounted on the cam-
era body, and an automatic exposure control mecha-
nism located in the camera body, the mechanism re-
sponding to a first binary signal representative of a
maximum lens aperture value in binary code and a sec-
ond binary signal representative of a minimum lens
aperture value in binary code, the first signal having a
given number of binary bits, a method comprising the
steps of:

generating in the lens assembly a second signal repre-
sentative of the minimum aperture value for the
lens assembly;

generating in the lens assembly a third signal repre-
sentative of the arithmetic difference between the
first and second signals for the lens assembly, the
third signal having a number of binary bits fewer
than the given number;

transmitting the second and third signals generated in
the lens assembly to the camera body;

applying the second signal t0 the mechanism;

arithmetically adding the transmitted second and
third signals to derive the first signal for the lens
assembly; and

applying the derived first signal to the mechanism.

2. In a photographic camera having an interchange-
able lens mounted on the camera body, the combination
comprising:

a source of a first signal in binary code located in the
lens assembly, the first signal having a given num-
ber of binary information bits;

a source of a second signal in binary code located 1n
the lens assembly;

means for transmitting the first and second signals
from the source in the lens assembly to the camera
body;

means for arithmetically adding the first and second
signals in the camera body to derive a third signal
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in binary code having a number of binary informa-

tion bits one more than the given number; and
means partially responsive to the third signal for

automatically controlling lhight exposure.

3. The combination of claim 2, in which the control-
ling means is responsive to the transmitted second signal
and the derived third signal.

4. An interchangeable lens for a photographic camera
using lenses interchangeably, the lens having means for
transmitting information representative of a maximum
lens aperture value from the lens to the camera body and
means for transmitting and information represeniative of a
minimum lens aperture value from the lens to the camera
body, wherein a signal representative of the maximum lens
aperture value is generated as the signal representative of a
difference between a signal representative of the actual
maximum lens aperture and a signal representative of the
actual minimum lens aperture of the lens.

5. In an interchangeable lens having a minimum aper-
ture in F-value of 22 or 32, a maxinum aperture in F-value
of 1.2, 1.4, 1.7, 2, 2.5, 2.8, 3.3, or 4 if the minimum aper-
ture in F-value is 22, and a maximum aperture in F-value
of 1.7, 2, 2.5, 2.8, 3.5, 4, 4.5, or 5.6 if the minimum aper-
ture in F-value is 32, means for generating at least one bit
of binary information representative of the minimum aper-
ture of the lens and means for generating a three-bit maxi-
mum aperture signal, a3, a), ap of binary information
representative of the maximum aperture of the lens, the
correspondence between the maximum aperture signal and
the maximum aperture in F-value being in accordance

with the following table when the minimum F-value is 22
35

10

13

20

23

30

Actual maximum

signal
Cx

0 0

Maximum aperture

signal Maximum aperture

40

in F-value

0 1.2
] t.4
0 .7
i 7
0
}
U
]

aj 40 C3 Co

2.5 45
2.8
3.5

4

0
1
¢
1
0
]
0
]

o O O OO Qo a O

—_—_—0 O = =00

and the correspondence between the maximum aperture 0
signal and the maximum aperture in F-value being in

accordance with the following table when the minimum
F-value is 32

33

Maximum aperture Actual maximum

signal signal Maximum aperture
a> Al ap C: C C; in F-value
0 0 O ¢ C ] 0 1.7 60
0 0 l 0 0 1 1 2
{) ] O 0 | 0 O 2.5
0 | l 0 0 l 2.8
] 0 0 0 l 0 3.5
) 0 l 0 l l 4
) ! 0 l 0 0 0 4.5 63

8

-continued

Maximum aperture Actual maximum

signal _____signal Maximum aperture
a3 a ag ©Ci C» Ci € in F-value
| ] l l 6 © l 5.6

6. In an interchangeable lens having one of a plurality of
minimum F-values no more than 2™, a plurality of maxi-
mum F-values no more than 27, where the choice of maxi-
mum F-values is partially different for each minimum
F-value, the improvement comprising first means for gen-
erating an m bit binary signal representative of @ minimum
F-value and second means for generating an n—1 bit
binary signal representative of a maximum F-value.

7. The interchangeable lens of claim 6, in which m=1,
n=4, the first generating means generates one bit and the
second generating means generates three bits.

8. The interchangeable lens of claim 6, in which m=_2
and n=4, the first generating means generates two bits and
the second generating means generates three bils.

Q. A family of interchangeable lens assemblies adapted
for mounting on a camera body, the lens assemblies having
a minimum aperture value and a maximum aperture
value, there being among the lens assemblies a total of no
more than 2" different maximum aperture values and a
total of no more than 2™ different minimum aperture
values, the maximum aperture values being assigned in
increasing order n bit binary numbers according to natural
binary code, the minimum aperture values being assigned
in increasing order m bit binary numbers according to
natural binary code, each lens assembly comprising means
for generating an m bit minimum aperture binary signal
representative of the binary number assigned to the mini-
mum aperture value of such lens and means for generating
an n—1 bit maximum aperture binary signal representa-
tive of the binary number assigned to the maximum aper-
ture value of such lens assembly minus the binary number
assigned to the minimum aperture value of such lens as-
sembly.

10. The family of lens assemblies of claim 9, in which
n=4 and m=1.

11. The family of lens assemblies of claim 9, in which
n=4 and m=_>2.

12. A lens assembly, which is one of a family of inter-
changeable lens assemblies adapted for mounting on a
camera body, the lens assemblies each having a minimum
aperture value and a maximum aperture value, there being
among the lens assemblies a total of no more than 2" differ-
ent maximum aperture values and a total of no more than
2m different minimum aperture values, the maximum
aperture values being assigned in increasing order n-bit
binary numbers according to natural binary code, the
minimum aperture values being assigned in increasing
order m-bit binary numbers according to natural binary
code, the lens assembly comprising means for generating
an m bit minimum aperture binary signal representative of
the binary number assigned to the minimum aperture
value of such lens assembly and means for generating an
n— 1 bit maximum aperture binary signal representative of
a binary number equal to the binary number assigned to
the maximum aperture value of such lens assembly minus
the binary number assigned to the minimum aperture

value of such lens assembly.
& ¥ * ¥
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