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[57] ABSTRACT

An automatic exposure time control circuit for-use
with a camera having a shutter. A light measuring cir-
cuit for measuring the scene brightness passing
through the camera lens produces an electric signal
proportional to the logarithm of the scene brightness.
An A-D converter circuit converts the output signal
from the light measuring circuit to a digital signal. A
first decoder, having a plurality of output terminals,
receives the converted, digital signal and produces an
output at a corresponding one of the output terminals.
An exposure time control circuit, comprising a binary
counter having the same number of stages and output
terminals as the number of output terminals of the
first decoder is set to the output of the decoder upon
release of the shutter. A pulse generator supplies a
train of pulses to the binary counter of the exposure
time control circuit, the latter counting a number of
pulses corresponding to the output of the decoder to
which it was set, thereupon closing the shutter and
thereby controlling the exposure time.

12 Claims, 14 Drawing Figures
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1

AUTOMATIC EXPOSURE TIME CONTROL
CIRCUIT

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention relates to an automatic exposure tlme
control circuit of digital design for use with a single lens
reflex camera having a through-the-lens-type light mea-
suring system.

2. Description of the Prior Art

As is well known in the art, a common type of auto-
matic exposure time control circuit for a single lens
reflex camera of the through-the-lens light measuring
type responds to the scene brightness and stores infor-
mation representative of the sensed level of the bright-
ness, prior to actuation of the camera shutter. The
exposure time thus is controlied as a function of the
stored information. Typically, a voltage is generated
which is proportional to the logarithm of the scene
brightness (referred to as a logarithmic compression)
and the voltage is stored, for example, as an analog
value in a capacitor or, after A-D conversion, is stored
in the form of a digital voltage. Closing of the shutter,
and thus control of exposure, is performed in relation
to the stored value of the scene brightness (this opera-
tion typically being referred to as logarithmic expan-
sion).

In the known circuits as described above, in the case
of exposure, the brightness information converted into
a digital voltage, is reconverted into an analog current
proportional to the scene brightness, by which a capac-
itor is charged, and the time for the charging of the
capacitor to reach a predetermined level is used to
control the exposure time. In this case, a diode or tran-
sistor having a logarithmic characteristic is used, with
the result that a temperature compensating circuit is
required to provide accuracy. Adjustment of the cir-
cuit, however, is time-consuming. Further, the A-D
conversion of the voltage proportional to the logarithm
of the scene brightness, mentioned above, inevitably
results in a conversion error between the analog value
and the digital value.

SUMMARY OF THE INVENTION

An object of this invention is to provide an improved
automatic exposure time control circuit for single lens
reflex cameras employing principally digital controls.
An analog voltage proportional to the logarithm of the
scene brightness is converted into a digital value and
stored.

Clock pulses of a known repetition rate are counted
until a number corresponding to the stored digital value
is accumulated, and the time required to complete this
counting is used as an exposure time whereby the expo-
sure time is controlled.

The automatic exposure time control circuit for a
single lens reflex camera, according to this invention,
features the combined use of a circuit for the digital

conversion of a voltage proportional to the logarithm of 6

the scene brightness and a bindry counter circuit for
controlling the exposure time, wherein the larger part
of the overall circuit construction is formed with digital
circuits. This reduces the number of circuit parts re-
quiring adjustments, thereby reducing the time for
adjusting the circuit construction, as compared with
the prior art. A further feature of this invention relates
to reducing the error resulting from the conversion of
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2

the analog voltage corresponding to the sensed, loga-
rithmic ‘scene-brightness value into a corresponding
digital value, and specifically the number of bits of the
counter of the -A-D converter circuit is increased,
thereby to reduce the value, or magnitude, of each
counting unit, improving thereby the logarithmic ex-
pansion and enabling highly accurate automatic expo-
sure time control.

BRIEF DESCRIPTION OF THE DRAWINGS

In the detailed description of the preferred embodi-
ments of the invention presented below, reference is
made to the accompanying drawings, in which:

FIG. 1 is a block diagram showing one example of an
automatic exposure time control circuit according to
this invention;

FIG. 2 is a circuit diagram showing an A-D conver-
sion circuit for use with this invention;

FIG. 3 is a circuit diagram showing a counter circuit
for exposure time control as employed in the circuit of
this invention;

FIG. 4 shows a series of graphs, for explaining the
operation of the A-D converter circuit used with this
invention;

FIG. 5 is a circuit diagram illustrating another exam-
ple of an exposure time control counter circuit for use
in this invention;

FIG. 6 is a circuit diagram illustrating another exam-
ple of this invention;

FIG. 7 is a graph showing the output level ¢ of a
resistance network in the FIG. 6 example, in compari-
son with a clock pulse b;

FIG. 8 is a block diagram, for explaining the opera-
tional principles of a rate multiplier and the exposure
time control counter circuit in accordance with this
invention;

FIG. 9 is a table showing the states of outputs from
flip-flops resulting from clock pulse counting by a bi-
nary counter 5’ and the output levels of the resistance
network 4’ corresponding to the states of the outputs in
the FIG. 6 example;

FIG. 10 is a table showing the outputs from flip-flops
Fy, and Fg; and the codes into which the outputs are
converted by a decoder 16 in the FIG. 6 example;

FIG. 11 is a detailed circuit diagram of the decoder
16 in FIG. 6;

FIG. 12 is a circuit diagram illustrating another ex-
ample of the decoder; and

FIG. 13 is a table showing the outputs from the flip-
flops Fy; and Fy; and the codes into which the outputs
are converted by the decoder 16’ exemplified in FIG.
12.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

In FIG. 1, there is shown in block form one example
of the automatic exposure time control circuit of this
invention.

Reference numeral 1 indicates a light measuring
circuit, which produces an output in proportion to the
logarithm of the scene brightness. Information indica-
tive of a preset aperture value and the film sensitivity
can be included in this output.

Reference numeral 2 designates a voltage compara-
tor circuit; 3 denotes a selective control circuit; 4 rep-
resents a resistance network; 5 identifies a binary
counter circuit; and 6 indicates a decoder. These cir-
cuits 2, 3, 4 and 5 make up an A-D converter circuit
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3
having associated therewith the decoder 6, and by
which the analog output voltage from the light measur-
ing circuit 1 is converted into a digital voltage. The
light measuring circuit 1 and the A-D converter circuit
and the associated decoder 6 are shown in detail in
FIG. 2, which will be described later on.

Reference numeral 7 designates a binary counter
circuit for controlling an exposure time, which is sup-
plied with the output from the decoder 6 and counts a
number of clock pulses, based on the decoder 6 output.

Reference numeral 8 denotes an AND circuit, which
detects the instant of completion of the counting of the
clock pulses by the counter circuit 7 and applies at that
instant a signal to a switching circuit 9.

Reference numeral 9 represents the aforesaid switch-
ing circuit, which terminates the excitation of an elec-
tromagnet 10. The shutter is closed by cutting off the
excitation of the electromagnet 10 in a known manner.

Reference numeral 11 identifies an indicator unit,
i.e., a display which provides a digital indication of an
exposure time based on the output from the decoder 6.

Reference numeral 12 indicates a clock pulse genera-
tor circuit, which produces the clock pulses which are
supplied to and counted by the counter circuit 7 and, at
the same time, by the binary counter circuit 5. Alterna-
tively, a separate clock pulse generator circuit may be
provided for the binary counter circuit 5.

Reference numeral 13 designates a gate circuit or a
switch, which is ganged with a shutter blade opening
member (not shown) and permits the passage there-
through of the clock pulses from the clock pulse gener-
ator circuit 12 for supply to a divider 14 simultaneously
with the opening of the shutter blade.

The divider 14, for example, may comprise a flip-
flop, which serves to divide the frequency of the clock
pulses from the clock pulse generator circuit 12 for
supply to counter 7 at a lower frequency.

Reference numeral 15 denotes a delay circuit, which
is supplied with a pulse from a one-shot multivibrator
3-1 described later, to supply the exposure time control
counter circuit 7 with a preset signal, delayed with
respect to the pulse from the one-shot multivibrator
3-1.

Now, a detailed description will be given of the afore-
said selective control circuit 3.

Reference numeral 3-1 identifies the aforementioned
one-shot multivibrator, which is supplied with the out-
put from the voltage comparator circuit 2 to apply a
pulse signal to a NOR circuit 3-2 for a period of time at

- least some dozens of times greater than the period of
the clock pulses derived from the clock pulse generator
circuit 12, as will be described later on.

Reference numeral 3-3 represents a gate circuit,
which enables and inhibits the passage therethrough of
the clock pulses from the clock pulse generator circuit
12 in accordance with the state of the output from the
NOR circuit 3-2. If either one of inputs a; and b, to the
NOR circuit 3-2 is in its 1 state, the gate circuit 3-3 is
closed. A voltage level of ground potential is taken as O
and a voltage of higher level is taken as 1.

Reference numeral 3-4 denotes a switching circuit
including a switch ganged with a shutter actuating
member (not shown), which is adapted to provide the
voltage 1 slightly before the opening of the shutter and
the voltage 0 upon closing of the shutter in the course
of film exposure.
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Reference numeral 3-5 indicates an AND circuit,
which produces an output voltage level of 1 when in-
puts a; and b, thereto are both in their 1 state.

Reference numeral 3-6 represents a flip-flop, which
is adapted to operate so that when the output from the
switching circuit 3-4 is in its O state and is applied to a
reset terminal Rset of the flip-flop 3-6, the output Q is
in its O state and the output Q is in its 1 state. Where the
output from the switching circuit 3-4'is in its 1 state as
applied to the reset terminal of the flip-flop 3-6, the
outputs from the flip-flop 3-6 may be reversed and,
under such conditions, if the output from the AND
circuit 3-5 becomes 1, the outputs Q and Q are altered
to their 1 and O states, respectively. In other words,
while the shutter is held open, a gate circuit 3-3 is
closed.

The operation of the apparatus constructed as de-
scribed above will hereinbelow be described in connec-
tion with the drawings. FIG. 2 shows the light measur-
ing circuit 1 and the A-D converter circuit of FIG. 1. In
the following description, circuits performing the same
operations as those in FIG. 1 will be identified by the
same reference numerals.

In FIG. 2, the broken-line block 1 represents the light
measuring circuit, which is comprised of a constant-
current power source I, a photoconductive cell “Cds”,
resistors R, and Rg, and a variable resistor R,.

The photoconductive cell “Cds” receives the light
from an object to be photographed passing through a
camera lens, and a voltage is produced across the resis-
tor Ry in proportion to the logarithm of the light inci-
dent on the photoconductive cell Cds, that is, the ob-
ject or scene brightness. Since a constant current flows
in the variable resistor Ry irrespective of its resistance
value, a voltage appears across the resistor Rq in pro-
portion to its resistance value.

The light measuring circuit 1 is designed such that, in
response to a change of one step in each of the film-
sensitivity and a preset aperture value, a voltage change
equal to the voltage change across the resistor Ry
caused by a change of 1EV in the scene brightness may
be obtained. With such an arrangement, a voltage in-
dicative of the sum of the voltage proportional to the
logarithm of the scene brightness and a voltage repre-
senting a preselected film sensitivity and the preset
aperture value is provided as the output of circuit 1.

The voltage comparator circuit 2 includes a differen-
tial amplifier circuit and produces at an output terminal
Outl a pulse signal when the voltage level of input In,
is lower than that of input In,.

The selective control circuit 3 is supplied with the
pulse signal Out1 from the voltage comparator circuit 2
to inhibit the passage therethrough of the clock pulses
from the clock pulse generator circuit 12 to the binary
pulse counter circuit 5 for a predetermined period of
time. The binary pulse counter circuit 5 is composed of
flip-flops F, to F, and is connected and constructed in
a known manner for additive counting of the pulses.
Reference characters Q, to Q4 and Q,’ to Q,’ indicate
output terminals of the respective stages of the flip-
flops F, to F,. The output terminals of each of the pairs
Q, and Q' Q, and Q,’, . . . are common to each other
and provide the same output.

Each output Q; (=1 to 4) becomes 1 or 0 in accor-
dance with the pulse counting state. The resistance
network 4 composed of resistors R, to Ry is a circuit for
converting the digital output from the binary pulse
counter circuit § into an analog voltage in accordance
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with the output state. The analog voltage thus obtained
is applied to the input terminal In, of the voltage com-
parator circuit 2.

The decoder 6 decodes the sixteen different, possible
binary value outputs appearing at the output terminals
Q" to Q4 of the binary pulse counter circuit 5 and
produces a logic 1 output at the proper one of the
decimal value outputs Dy to D,; of the decoder 6. This
circuit is also known.

A description will be made with regard to the opera-
tion of the above construction for converting the ana-
log voltage output of circuit 1 (including the informa-
tion such as the scene brightness and so on).

With continuous application of the clock pulses indi-
cated by a in FIG. 4 to the input terminal of the binary
pulse counter circuit 5, a step wave form voltage indi-
cated by b in FIG. 4 is produced by the output of resis-
tance network 4 and is supplied to the input terminal
In2 of the voltage comparator circuit 2. The height of
each step is selected to correspond to a 1EV increment
of change in the voltage output from the light measur-
ing circuit 1 which, as noted, is indicative of the sum of
the voltage proportional to the logarithm of scene
brightness, the film sensitivity, and the present aperture
value.

Where the levels at the output terminals Q, to Q, of
the binary pulse counter circuit 5 are all in the state of
1, the output from the resistance network 4 corre-
sponds to a level g, as indicated by waveform c in FIG.
4. At this time, the output from the decoder 6 is in the
state of 1 only at the terminal D, and in the state of 0
at the other terminals. For the reasons described later
on, the terminal D, need not always be provided. Then,
upon impression of the clock pulses to the binary pulse
counter circuit 5, the output from the resistance net-
work 4 shifts to the level a, and, in the decoder 6, the
output at the terminal D, is disposed at the 1 level.

Thereafter, the output level of the resistance network
4 lowers step by step in response to the sequential
impression of the clock pulses and, at the same time,
the position of the output at the level 1 in the decoder
6 shifts to the right, as shown in FIG. 2. When the
outputs Q, to Q, from the binary pulse counter 5 are all
at the level 0, the output level of the resistance network
4'is at ;5 and the output at the terminal D,; of the
decoder 16 is at the level 1. Upon impression of the
next clock pulse under such condition, the circuit is
returned to its initial condition. Thereafter, the same
operation as described above is repeated.

Let it be assumed that the input Inl of the voltage
comparator circuit 2 is supplied with a voltage of a
level Vin as shown at ¢ in FIG. 4.

When the output from the resistance network 4 shifts
from the level a, to a;, a pulse signal is applied from the
voltage comparator circuit 2 to the selective control
circuit 3. By stopping the supply of the clock pulses to
the binary pulse counter circuit 5 by this pulse signal
for a predetermined period of time (¢, to ,), the binary
pulse counter circuit 5 is held in its counting condition
for this period of time and the output at the terminal D;
is maintained at the level 1. This state is maintained
unless the clock pulse is applied to the binary pulse
counter circuit 5. As described above, where the out-
put level of the light measuring circuit 1 lies between
Vmax and Vmin, one of the terminals D, to D,y will
produce an output of 1. When the output level of the
resistance network 4 is ao(= Vmax), the terminal D, is
in the state of 1 but the level q, is not a level corre-
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sponding to the output from the light measuring circuit
1; rather it is a level corresponding to the starting posi-
tion of the operation of the A-D converter circuit for
the A-D conversion of the output from the light mea-
suring circuit 1. Therefore, the terminal D, need not
always be provided. The terminals D, to D, are
adapted to correspond to different, respective exposure
times, for example, the terminal D, corresponds in
1/2000 sec., the terminal D, corresponds to 1/1000
sec., . . . each separated by the unit value of 1EV.

FIG. 3 shows in detail the exposure time counting
circuit 7 of FIG. 1, which comprises a presettable
counter composed of flip-flops Fyq, to Fyy5. In FIG. 3,
the terminal D, of the decoder 6 is omitted. When
supplied at the input In3 with the clock pulse, the
counter circuit 7 effects binary subtractive counting.
The flip-flops Fo, to F,;5 have data input terminals D’,
to D’;5 connected to the output terminals D, to Dy of
the decoder 6, respectively. Pset identifies a preset
input terminal. Upon application of a pulse to the pre-
set input terminal Pset, the states of the outputs D, to
D,; of the decoder 6 are entered in the flip-flops Fyq, to
Fi15, respectively. For example, if the preset pulse is
applied when the output terminal D; of the decoder 6 is
in the state of 1, the output Q of the flip-flop F,o; be-
comes 1 and those outputs Q of the other flip-flops
become 0. Upon application of a pulse to the input In3,
subtraction is effected to provide a period of time cor-
responding to the output from the decoder 6. Presetta-
ble counters, per se, achieving such operation are well-
known in the art, of course. The AND circuit 8 is pro-
vided for obtaining the logical product of the Q outputs
of the flip-flops Fi, to Fy35. When all the Q outputs are
in the state of 1, the AND circuit 8 applies a signal 1 to
the switching circuit 9. The switching circuit 9 is pro-
vided for controlling the operation of the electromag-
net 10 and, upon arrival:of the signal 1 from the AND
circuit 8, serves to cut off the excitation of the electro-
magnet 10. ’

The exposure time counting operation in the above
construction will be described.

Assume that when the output terminal D, of the
decoder 6 is in the state of 1, this state is entered in the
exposure time counting circuit 7 by the preset pulse
applied to the preset input terminal Pset, putting the Q
output of the flip-flop F,y in its 1 state. Simultaneously
with the opening of thé shutter in ganged relation to the
shutter actuating member (not shown), the clock pulse
is applied to the input terminal In3 of the counter cir-
cuit 7 and when two clock pulses are applied, all the Q
outputs of the counter circuit 7 become 1 to close the
shutter. When the Q output of the third flip-flops Fq; is
preset in the state of 1, the shutter is closed by four
clock pulses. In a similar. manner, where the output Q
of the flip-flop F,q, is preset in the state of 1, the shutter
is closed by the application of eight clock pulses to the
counter circuit 7. Thus, where each flip-flop is preset in
the state of 1, the shutter closing operation is achieved
by the application of clock pulses twice as many as
those in the case of the immediately preceding flip-flop
being preset. In terms of time, each exposure time is
twice as long as the immediately preceding one, and
correspondingly the so-called anti-logarithmic conver-
sion is effected. '

As will be apparent from the foregoing, in the circuit
of the above example, the exposure time to be con-
trolled is not a continuously variable amount but varies
in increments, or steps, of 1EV, with corresponding
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steps or incremental changes of exposure times, such as
1/2000 sec., 1/1000 sec., 1/500 sec., . . . . Accordingly,
an error of the exposure time controlled in response to
the light measured output from the light measuring
circuit 1 can be suppressed within =1/2EV.

The foregoing has described the operation of each
component of the circuit of this invention and the fol-
lowing will describe the overall operation of the circuit
in FIG. 1.

Light Measuring Operation

When the photographer views the object through the
finder, he as well can view the exposure time, indicated
in digital form by the display unit 11.

This indication is achieved in the following manner.
In this case, assume that the output from the switching
circuit 3-4 is at the level of 0 and the output Q from the
flip-flop 3-6 is also at the level of 0. Under such condi-
tions, the pulse signal from the voltage comparator
circuit 2 is applied only through the one-shot multivi-
brator 3-1 and the NOR circuit 3-2 to the gate circuit
3-3 to control it. When the clock pulse train as depicted
in FIG. 4 at (a) is applied to the binary counter circuit
5 through the gate circuit 3-3, and beginning at instant
ty, a voltage of corresponding, successively decreasing
steps appears at the output of the resistance network 4
at, as indicated by a,, a,, . . . and a4 in FIG. 4 at (¢). If
the output level of the light measuring circuit 1 is Vin,
when the output from the resistance network 4 changes
from ay to as, the pulse signal is applied from the volt-
age comparator circuit 2 to the one-shot multivibrator
3-1 to cause it to apply an output 1 to the NOR circuit
3-2 for a certain period of time (¢, to ) as shown in
FIG. 4 at (d). The NOR circuit 3-2 applies an output 0
to the gate circuit 3-3 to cause it to inhibit the passage
therethrough of the clock pulses for the aforemen-
tioned certain period of time. Consequently, the binary
counter circuit 5 interrupts its clock pulse counting and
maintains the existing count, as shown at a; in wave-
form (¢) of FiG. 4.

The output from the decoder 6 under this holding
condition is employed as a signal for indication. When
the output from the one-shot multivibrator 3-1 has
returned to the state of 0, the gate circuit 3-3 permits
the passage therethrough of the clock pulses and the
binary counter circuit 5 counts the clock pulses until an
instant ¢;. The time between ¢, and ¢; is one cycle of the
light measuring operation.

Thereafter, the same processes as described above
are repeated. If the frequency of the clock pulse is
selected to be on the order of some dozens of kilo-
hertzs, the light measuring operation can be regarded
as continuously effected in practice.

Photographing Operation

At the initial step in the shutter releasing operation,
the output.of the level 1 is applied from the switching
circuit 3-4 to the AND circuit 3-5 and the flip-flop 3-6.
Under such conditions, when supplied with the pulse
signal from the voltage comparator circuit 2, the AND
circuit 3-5 derives therefrom the output of the level 1
to set the output Q from the flip-flop 3-6 to a 1 state.
Since the switching circuit 3-4 produces the output of
the level 1 until the shutter is closed, the output Q from
the flip-flop 3-6 similarly remains at its 1 level until the
shutter is closed. Consequently, until exposure is com-
pleted, the gate circuit 3-3 inhibits the passage there-
through of the clock pulse and the scene brightness
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information is stored and the indicator unit maintains
the indication of exposure time during exposure, too.

As described above, the 1 output is derived from the
one-shot multivibrator 3-1 by the pulse signal from the
voltage comparator circuit 2 and the scene brightness
information is maintained by the binary counter circuit
5. At the same time, the output from the one-shot mul-
tivibrator 3-1 is applied to the delay circuit 15 and the
delay circuit 15 produces the preset pulse as depicted
in FIG. 4 at (e) which is delayed by At behind the out-
put from the one-shot multivibrator 3-1. The preset
pulse thus obtained is applied to the exposure time
counting circuit 7 and, by the preset pulse, the output
from the decoder 6 is written into, i.e., stoned, in the
exposure time counting circuit 7. The reason why the
preset pulse is delayed by At is to avoid erroneous
operation in writing.

Simultaneously with the shutter opening ganged with
the shutter releasing operation, the gate of the gate
circuit 13 is opened and the clock pulses are applied
from the clock pulse generator circuit 12 to the expo-
sure time counting circuit 7 through the gate circuit 13
and the divider 14. The exposure time counting circuit
7 counts a number of clock pulses corresponding to the
count value written into the circuit 7 during presetting.
When the predetermined number of clock pulses has
thus been counted, the excitation of the electromagnet
10 is cut off to close the shutter to complete the expo-
sure and the output from the switching circuit 3-4 is
returned to its 1 state. The divider 14 is useful for pro-
viding enhanced accuracy of the exposure time count-
ing, too.

FIG. 5 illustrates another example of the exposure
time counting circuit, which can be substituted for the
above-described presettable counter 7.

In FIG. 5, the decoder 6 is identical with the afore-
mentioned one. Reference characters Fiy,' to F,i5
designate flip-flops, which constitute an additive type
binary counter circuit 7’. Reference character In3’
indicates an input terminal which is supplied with the
clock pulses, and Rset denotes a reset terminal, which
is supplied with a reset pulse to reset the outputs Q of
the flip-flops Fy,,’ to Fy;5" at the level of 0. Reference
character A, to A,; identify AND circuits, which are
respectively connected to the output terminals of the
decoder 6 and to the Q outputs of the flip-flops Fo," to
F,;s" as illustrated. Reference numeral 8’ represents an
OR circuit, which is supplied with the outputs from the
AND circuits A to A,;. The operations of the switching
circuit 9 and the electromagnet 10 are such as de-
scribed in the foregoing.

FIG. § Operation

Let it be assumed that the terminal D; of the decoder
6 isin its | state. A reset pulse is produced by the delay
circuit (15 in FIG. 1) and applied to the reset terminal
Rset in place of the aforesaid preset pulse, thereby to
reset all the outputs Q at the 0 level. Supplied with the
clock pulses from the input terminal In3’ in ganged
relation to the shutter releasing operation, the binary
counter circuit 7' effects additive counting of the clock
pulses.

In this case, when supplied with eight pulses, the
output Q of the flip-flop F,43' becomes 1 and the output
1 is fed from the AND circuit A; to the OR circuit 8’.
At this time, the switching circuit 9 and the electromag-
net 10 perform the aforementioned operations to close
the shutter. If the output terminal D, of the decoder 6
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is in the state of 1, the shutter is closed by the counting
of sixteen pulses and, if the output terminal Dj is in the
state of 1, the shutter closing operation is achieved by
the counting of thirty-two pulses. Such an operation is
the same as that in the case of the presettable counter
described previously.

In the foregoing examples the bmary counter c1rcu|t
5 of the A-D conversion circuit is formed with. four
stages of flip-flops and the exposure time control range
is set to have 15 stages, which number of stages is suffi-
cient because the exposure time control range of usual
cameras has been 12 stages.

As mentioned previously, the conversion from an
analog value into a digital value inevitably produces a
conversion error. This error can be reduced by select-
ing a small unit of counting. .

A description will be given of examples for reducing
the A-D conversion error. :

In FIG. 6, parts corresponding to those described
previously with regard to FIGS. 1 to 5 are identified by
the same reference numerals and characters and no
detailed description will be repeated; newly shown
elements will be chiefly described. A control device 18
in FIG. 6 includes the AND circuit 8, the switching
circuit 9 and the electromagnet 10 shown in FIG. 3.

In FIG. 6, flip-flops F,; and Fg, are added to the bi-
nary counter circuit 5’, by which the binary counter
circuit §' is formed to serve as a 6-bit logic circuit. It
will be apparent that the resistance network 4’ is modi-
fied accordingly. Further, there are newly provided a
decoder 16 for converting digital outputs for the flip-
flops Fy; and F,, into other digital values, and a rate
multiplier 17 which is supplied at its rate inputs with
outputs from output terminals G, H, I, J, K, L of the
decoder 16. Where the rate multiplier 17 is of 6-bit
construction, it produces a desired number of pulses
less than 63 in response to the counting of 64 clock
pulses in accordance with the values of the rate inputs.
The rate multiplier is of a well known type, as typically
employed in an arithmetic operation circuit of elec-
tronic computers.

The output terminal of the rate multiplier 17 is con-
nected to an input terminal e of an exposure time con-
trolling binary counter circuit 7',

In the rate multiplier 17, its terminals g and A are
clock pulse and enable input terminals respectively.
When supplied at the terminal 4 with the input 1, the
rate multiplier 17 is actuated.

Turning now to FIG. 7, the operation of the circuit of
FIG. 6 will be described.

In FIG. 6, the A-D conversion operation is identical
with those in the cases of FIGS. 1 to 5 except that the
digital output used is not 4-bit but 6-bit. In the case of
the 4-bit digital output, 16 counting states are obtained
and 15 memory steps each corresponding to 1EV can
be established. In the case of the 6-bit digital output, 64
counting states are produced, so that 63 memory steps
can be obtained. Accordingly, exposure information
covermg a range of 15EV at the unit of 4EV can be
stored in a digital manner.

The division of the output from the light measurmg ’

circuit 1 at the unit of 4EV implies that an error can be
suppressed within a range of +1/8EV,

FIG. 9 is a table showing the states of counting of the
clock pulses by the binary counter circuit 5'. The table
shows the states of the outputs Q of the flip-flops Fy,; to
F;-when the clock pulses are applied to the counter
circuit 8’ in the order of 0, 1, 2, . . . and the correspond-

ing output levels of the re51stance network 4’ shown in
FIG: 7(a)..This table starts with the instant when the
aforesaid output§ Q ire all in the state of 1. As will be
seen from the table, the flip-flops Fy, and Fy, return to

‘the same states at every fourth impression of the clock

pulse. Further,”the states of the ﬂip-ﬂops F, to F,
change as a whole at every fourth impression of the
clock pulse-to the counter circuit 5’. Such counting

' characteristics are utilized in the following manner.

p—

0

—

5

35

The four stages of flip-flops F, to F, are used for
processing the exposure information at the unit of 1EV
as is the case with the counter 5 of the circuits of FIGS.
1 to 5. On the other hand, the two stages of flip-flops
Fo1 and Fg, are used for processing information of
smaller than 1EV increments and which therefore can-
not be processed by the four stages of flip-flops F, to F,.

As illustrated in FIG. 74, at every counting of the
clock pulse by the counter §', the output voltage from
the resistance network 4’ varies corresponding to
YWEV. Considering the state of the level L, the overall
state of the flip-flops F, to F,; does not change until the
fourth clock pulse is applied to the counter 5.

The process of the A-D conversion has been de-
scribed previously with regard to FIGS. 1 to 5, and
hence will not be described in detail.

The exposure time controlling binary counter circuit
which employs the A-D converter circuit having the
6-bit digital output as described above, performs the
following operation.

In FIG. 8, reference numeral 7’ designates the expo-
sure time controlling binary counter circuit depicted in
FIG. 6. Where an nth flip-flop of the binary counter
circuit 7’ is preset at the level of 1 and a clock pulse
having a frequency of f; is.applied, the exposure time T
in this case is given by the following equation:

2m1

T n

T=

For example, if /=2 and if f=2000Hz, the exposure
time T is 1/1000 sec. and if /=3, the exposure time T is
1/500 sec. A change of one step doubles the counting

* time, ‘and corresponds to a change of 1EV.
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" By the way, it is also possible to change the exposure’
time T by changing the frequency f; of the clock pulse,
with n being held constant.

In FIG. 8, the block 17’ represents a frequency con-
verter. In accordance with information Mi applied, the
frequency converter 17’ converts the clock pulse train
of a frequency f, into trains of the frequencies given by
the following equations:

hi =K X fo 2)
fa= K/2V4 X fo (3)
fa=K[2% X f, 4)

fi= Zau San X Jfe (5)

where K-is a constant. Assume that n is constant and
that the clock pulses of the frequencies f, to f, are
applied to the binary counter circuit 7'. In the case of
the frequency f;, an exposure time T, is obtained from

.the equation (1) as follows:



3,995,284

11
I, =K.2""lf (6)
In the cases of the frequencies f;, f; and f,, exposure
times are similarly obtained as follows:

n-1
T.=K'- -ZJT—xz"2 (N
T.‘lzl(" .2%):_»)(22/4 (8)
T,=K' - }UL'xzm )
where K' = 1/K.

As will be understood from the above equations, the
exposure time increases 4 V 2 times. This corresponds
to a change for each step of “4AEV. This invention em-

bodies this principle with a single circuit construction.

In FIG. 6, the rate multiplier 17 corresponds to the
frequency converter 17’ as described above and con-
verts the frequency as given by the following equation:

Sout = 64

[QLN)]

where
M=G.2%+H2' +1.2% + J.22 + K.2' + L.2°

(in)
Jin 1s the frequency of the clock pulse applied to the rate
multiplier 17 and f,, is the output frequency, as con-
verted by the rate multiplier 17.

Reference characters G to L indicate input terminals
of the rate multiplier 17, each of which is supplied with
a 1 or O signal. If only the terminal G is 1, M=32 and
Jour=32/64Xf,=%fi,. In practice, the terminals G to L
are supplied with signals as shown in the table of FIG.
10 by the decoder 16 constructed as depicted in detail
in FIG. 11.

In this case, four M’s are selected in accordance with
the four states of the outputs Q of the flip-flops F, and
Fopz. This relationship is also shown in FIG. 10.

Applying the clock pulse of a frequency F, to the rate
multiplier 17, clock pulses of the following frequencies
are obtained in accordance with the value of M:

F = %Z—F,,(in the case of M=63) a2)
F,= %%Fo(in the case of M=53) a3
Fa= %Fn(in the case of M=45) (14)
F,= 2‘2—!-‘., (in the case of M=63) (15)

The relationship between the frequencies F, and F; is

as follows:
Fa/F, = 53/63 =~ 0.841

(16)
In a similar manner, it follows that
F,/Fy = 45/53 = 0.849 an
and that
Fa/F, = 37/45 = 0.822 (18)
While, since

114 V2~ 0841

(19)
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the flip-flops F,, F,, F; and F, can be adapted to corre-
spond to the frequencies fy, f2, f3 and f; given by the
equations (2) to (5), respectively. Accordingly, the
exposure time can be controlled at the unit of %/EV.
An error between the value 0.822 given by the equa-
tion (18) and that 0.841 by the equation (19) is about
2% and it is 2% at a maximum, so that the error is
negligible.

Now, the operation will be discussed more con-
cretely. v

Let it be assumed that the level Lg shown in FIGS. 7a
and 9 is stored. In this case, as shown in FIG. 6, the
terminal D, of the decoder 6’ becomes 1 and the output
1 is written in the second stage flip-flop of the exposure
time controlling binary counter circuit 7’.

On the other hand, the outputs of the flip-flops Fy,
and Fg, of the binary counter 5’ are 1 and O respec-
tively, so that M is selected to have a value of 45 as
shown in the table of FIG. 10. The value 45 is provided
by setting such codes as given in the table of FIG. 10 in
the rate multiplier 17 by means of the decoder 16 de-
picted in FIG. 11.

The decoder 16 includes one AND circuit and is very
simple in construction. '

Where the enable terminal 4 is set to the state of 1
simultaneously with the shutter releasing operation and
the clock pulse having a frequency of 4063Hz is ap-
plied to the terminal g of the rate multiplier 17, the
exposure time in this case is obtained from the equationi
(14) as follows:

22t 1
T= {sec.) (20)
43 4063 1428
Similarly, in the case of the level L;:
T = . ) 0
= {sec.
L 4063 1174
and in the case of the level Lg:
T 2 I ) (22)
= (sec.
QLx(, X 4063 1000

The difference between successive ones of the equa-
tions (20), (21) and (22) corresponds to the step of
substantially AEV.

Thereafter, the step of %4EV is similarly obtained.

As described above, with the FIG. 6 example, the
exposure time can be automatically controlled more
accurately by the digital circuit. Strictly speaking, the
rate multiplier 17 operates such that when 64 pulses
are applied thereto, it selectively removes some of
them and provides as an output a predetermined, cor-
responding number of pulses. This is not frequency
conversion. However, by increasing the frequency of
the clock pulse applied to the rate multiplier 17 and
connecting a frequency divider circuit between the
output of the rate multiplier 17 and the exposure time
controlling binary counter circuit 7', the above opera-
tion can be regarded as frequency conversion. Further,.
with the use of the frequency divider circuit, it is possi-
ble to absorb an error in the counting of the clock pulse
which is caused by an error in the timing for switching
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the gate circuit ganged with the shutter releasing opera-
tion.

In the present example, the binary counter §’ is de-
scribed to be of the 6-bit construction but the number
of bits used can be easily adjusted and this invention is
not limited specifically to the present example..

Further, it is evident that the output from the de-
coder &' can be used as a signal for the digital indica-
tion of the exposure time.

FIG. 12 illustrates another example of this invention.
In FIG. 12, reference numerals 3’ and 6’ identify corre-
sponding elements of those in FIG. 6 respectively. In
accordance with the states of the flip-flops Fy, and Fg,
of the binary counter circuit 5’, the decoder 16’
supplies a binary counter 22 with outputs as one de-
picted in FIG. 13.

The binary counter circuit 22 is a 6- blt presettable
down counter, in which the output from the decoder
16’ is written when a preset pulse is applied to a termi-
nal k. For example, where the flip-flops Fy; and F, are
both in the state of 1, a code corresponding to a value
37 in the column of the multiple M in the table of FIG.
13 is written in the binary counter circuit 22. At this
time, the clock pulse is applied to terminal ¢ and when
the binary counter circuit 22 has received and counted
37 clock pulses, its count content, or count accumula-
tion becomes Q; this is detected by a detector circuit
19, thus closing the shutter.

Where a code corresponding to value 63 is written as
the multiple' M’ in' the binary counter circuit 22, the
counting of 63 puises is achieved. As will be under-
stood from the foregoing, the common ratio of the
series of the values 37, 45, 53 and 63 of the multiple M’
is substantially 4 V"2, and the ratio of the pulse count-
ing time is also 4 \/-—and corresponds to YaEV of the
exposure time.

Thus, the rate multiplier 20 pérforms the function of
afrequency divider; when supplied at its terminal j with
clock pulses of the frequency F,, the rate multiplier 20
produces output clock pulses having a frequency
F,=F,/2" in accordance with its preset state as estab-
lished by the decoder 6’, where nisanyone of 1, 2, ..
. and 16. For example, in the case of the level L,; being
L, in FIG. 9, n is selected to be 3.

The output from the decoder 6’ has the exposure
information of 1EV step, by which the frequency of the
clock pulse is varied step by step corresponding to 1EV
by the use of the rate multiplier 20. Namely, the fre-
quency is varied by 1EV, and the number of pulses to
be counted by the binary counter 22 is determined and
a control of Y4EV is achieved in accordance with the
pulse counting time.-

The terminal i of the rate multiplier 20 is an enable
terminal.

In this invention, processing of the brightness level
information in units of less than 1EV is allotted to one
part of the binary counter 22 in the A-D converter
circuit and processing of the information in units of
1EV is allotted to the other part of the binary counter
22, whereby a control of the exposure time by a digital
circuit of high accuracy is effected.

In the case of using 6 bits, if the frequency of the
clock pulse is selected to be 10KHz (the frequency can
also be raised higher, of course), one scanning time ¢
for the A-D conversion - becomes such that
+=64/10K=6.4 (milliseconds) and it is very short.
Namely, a period of time shorter than several millisec-
onds is sufficient for storing the scene brightness infor-
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mation. By the combined use of a circuit having char-

acteristics of the above storing operation and such a

digital expanding circuit as described above, it is possi-

ble to provide a circuit suitable for fabrication as a very
practical integrated circuit.

It will be apparent that many modifications and varia-
tions may be effected without departing from the scope
of the concepts of this invention.

What is claimed is:

1. An automatic exposure time control circuit for a
camera having a lens and a shutter and wherein scene
brightness is measured in accordance with the light
level received from the scene and passing through the
camera lens, compnsmg

a. a light measuring circuit for measuring the scene

brightness in accordance with the light level
thereof passing through the camera lens, and pro-
ducing an electric output signal proportional to the
logarithm of the scene brightness;

b. an A-D converter circuit for receiving and con-
verting the electric output signal from said light
measuring circuit to a digital output signal;

a first decoder for decoding the digital output
signal from said A-D converter circuit, said first
decoder having a plurality of output terminals and
selectively producing an output signal at a corre-
sponding one of said output terminals thereof in
accordance with the digital output signal from said
A-D converter circuit, whereby said corresponding
output terminal at which the output signal is pro-
duced is indicative of the digital output of the A-D
converter circuit;

a pulse generator for producing clock pulses of a
given repetition rate; and .

. an exposure time control circuit including a binary
counter having the same number of stages as the
number of output terminals of said first decoder,
each of said stages comprising a flip-flop. circuit
coupled with a corresponding one of said output
terminals of said first decoder; means responsive to
initiation of exposure for initiating counting of the
clock pulses by said binary counter; and means for
terminating the exposure when said binary counter
has counted a number of clock pulses correspond-
ing to the count represented by the flip-flop circuit
stage coupled with said corresponding output ter-
minal of said decoder at which the output signal of
said decoder selectively is produced.

2. An automatic camera exposure time contro! cir-
cuit according to claim 1, wherein said binary counter
is a presettable binary counter and subtractively counts
said clock pulses, each of said flip-flop circuits of said
presettable binary counter having a data input terminal
connected to a respectively corresponding one of said
output terminals of the first decoder and having an
output terminal; and said terminating means comprises
an AND circuit having a plurality of inputs connected
to the output terminals of respectively corresponding
ones of said flip-flop circuits and responsive to the
outputs at said output terminals of said flip-flop circuits
all being the same, to produce an output for terminat-
ing the exposure.

3. An automatic camera exposure time control cir-
cuit according to claim 1, wherein said binary counter
additively counts said clock pulses; and there is further
provided a plurality of AND circuits equal in number to
the number ‘of said flip-flop circuits, and each having
first and second input terminals and an output terminal,

d.
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a first input terminal of each AND circuit being con-
nected to a corresponding one of said output terminals
of said first decoder; each of said flip-flop circuits in-
cludes an output terminal’ connected to the second
input terminal of a corresponding one of said AND 5
circuits; and said terminating means includes an OR
circuit having plural input terminals connected to the
output terminals of respectively corresponding ones of
said AND circuits and responsive to an output from any
of said AND circuits for producing an output for termi-
nating the exposure.

4. An automatic exposure time control circuit for a

camera having a lens and a shutter and wherein scene

brightness is measured in units of 1 Ev, in accordance
with the light level received from the scene and passing
through the camera lens, comprising:

a. a light measuring circuit for measuring the scene
‘brightness in accordance with the like level thereof
passing through the camera lens, and producing an
electric output signal proportional to the logarithm
of the scene brightness;

b. an A-D converter circuit for receiving and con-
verting the electric output signal from said light
‘measuring circuit to a digital output signal, said
A-D converter comprising a binary counter having
a first counter portion for accumulating counts

-each corresponding to a unit of 1Ev and a second
counter portion for accumulating counts each cor-
responding to a fraction of a unit of 1Ev of the
scene brightness information;

c. a first decoder for decoding the digital output
signal from said first counter portion of said binary
counter of said' A-Dconverter circuit, said first
decoder having a plurality of output terminals and
selectively producing an output signal at a corre-
sponding one of said output terminals thereof in
accordance with the digital output signal from said
-first counter portion of said A-D converter circuit,
whereby said - corresponding output terminal at
which the output signal is produced is indicative of 40
the digital output of said first counter portion of the
A-D converter circuit;

d. a pulse generator for producmg clock pulses of a
given repetition rate;

e. a frequency converter for converting the: fre-
quency of the clock pulses from said clock pulse
generator in accordance with the count accumu-
lated by said second counter portion and producing
frequency converted output clock pulses;

f. an exposure time control circuit including a binary
counter having the same number of stages as the
number of output terminals of said first decoder,
each of said stages comprising a flip-flop circuit
coupled with a corresponding one of said output
terminals of said first decoder; means responsive to
initiation of exposure for initiating counting of the
frequency converted clock pulses by said binary
counter; and means for terminating the exposure
when said binary counter has counted a number of
the frequency converted clock pulses correspond-
ing to the count represented by the flip-flop circuit
stage coupled with said corresponding output ter-
minal of said first decoder at which the output
signal of said first decoder selectively is produced.

S. An automatic camera exposure time control cir-

cuit according to claim 4 wherein said frequency con-

verter comprises a rate multiplier and wherein there is
further provided a second decoder for decoding the
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16
count ‘output of said second counter portion of said
binary counter of said A-D converter and producing
corresponding coded outputs and said rate multiplier
includes rate input control terminals for receiving the
coded outputs of said second decoder for establishing a
multiplication rate of said rate multiplier.

6. An automatic camera exposure time control unit
for'a camera having a shutter wherein scene brightness
is measured in units of 1Ev, comprising:

a. a light measuring circuit for measuring the scene
brightness and producing an electric output signal
proportional to the logarithm of the scene bright-
ness; ‘

b. a pulse generator for producing clock pulses of a
given repetition rate;

¢. an A-D converter circuit including a binary
counter for receiving and counting the clock pulses -
from said pulse generator and having a first portion
for accumulating counts each corresponding to a
fraction of a unit of 1Ev and a second portion for
accumulating counts each corresponding to a unit
of 1Ev of the scene brightness, said A-D converter
circuit producing a digital count output from said
first and second counter portions thereof corre-
sponding to the electric output signal of said light
measuring circuit;

d. a first decoder for decoding the digital count out-
put of said first binary counter portion and produc-
ing a first decoded output representative thereof
and a second decoder for decoding the digital
count output of said second binary counter portion
and producing a second decoded output represen-
tative thereof; )

€. a rate multiplier having multiplication rate control
inputs and a clock pulse input and receiving the
outputs of said first decoder at said rate control
inputs and the clock pulses from said pulse genera-.
tor at said clock pulse input and producing a clock
pulse output at a rate differing from the input in
accordance with the multiplication rate inputs
from said first decoder;

f. an exposure time control counter circuit compns—
ing a presettable binary counter having count set-
ting inputs connected to the outputs of said second
decoder and having a counting input connected to
said rate multiplier for receiving the converted
clock pulse output thereof; and
. means responsive to initiation of exposure for initi-
ating counting of the clock pulse output of said rate

multiplier by said presettable- binary counter and
means for terminating the exposure when said pre-
settable binary counter has counted a number of
clock pulses from said rate multiplier correspond-
ing to the count preset therein by the output of said
second decoder.
7. An automatic exposure time control circuit for a

‘camera, comprising:

a. a light measuring circuit for measuring scene
brightness and producing an analog electric signal
proportional to the loganthm of the scene bright-
ness;

b. an A-D converter circuit for converting said ana-
log signal to a digital output; -

‘c. means for providing clock pulses of a variable
repetition rate;

d. a first bmary counter for counting said clock
pulses;
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e. a first decoder responsive to the digital output of
said A-D converter for producing a first decoded
output;

f. means for controlling the clock pulse providing
means to vary the repetition rate of the clock
pulses with relation to the power series of 2 in
accordance with the first decoded output of said
first decoder;

g. means for initiating counting of pulses by said first
binary counter when exposure is initiated; and

h. means for terminating exposure when said first
binary counter counts a given number of pulses.

8. An automatic exposure time control circuit ac-
cording to claim 7, wherein

said A-D converter circuit includes a second binary
counter for storing said -digital output converted
from said analog signal output of said light measur-
ing circuit, said second binary counter comprising
a plurality of stages of flip-flop circuits including
initial stages and subsequent stages, and there is
further provided

a second decoder connected and responsive to the
outputs of said initial stages of said flip-flop circuits
of said second binary counter for determining said
given number of pulses to be counted by said first
binary counter, and

said first decoder being connected and responsive to
the outputs of said subsequent flip-flop circuit
stages of said second binary counter.

9. The automatic exposure time control circuit ac-
cording to claim 7 wherein said clock pulse providing
means comprises a frequency divider for converting a
clock pulse of repetition frequency Fo into clock pulses
of a repetition frequency Fo/2” where n is a number
corresponding to the decoded output of said first de-
coder.

106. The automatic exposure time control circuit ac-
cording to claim 8 wherein scene brightness is mea-
sured in units of 1Ev as defined in the APEX system
(ASA-PH212-1961) and wherein

said initial flip-flop stages of said second binary
counter store a digital output corresponding to
scene brightness and measured as a fraction of a
unit of 1Ev and wherein said subsequent flip-flop
stages store a digital output corresponding to scene
brightness measured in units of 1Ev.

11. An automatic exposure time control circuit for a

camera comprising:

a. a light measuring circuit for measuring the scene
brightness and producing an analog electric signal
proportional to the logarithm of the scene bright-
ness;

b. an A-D converter circuit including a plurality of
stages of flip-flop circuits consisting of initial stages
and subsequent stages, said initial stages having a
plurality of first selectable digit values, said subse-
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quent stages having a plurality of second selectable
digit values and said A-D converter circuit convert-
ing said analog signal into a set of digit values in-
cluding one of said first selectable digit values and
one of said second selectable digit values;

c. means for providing clock pulses of a variable
repetition rate;

d. means for controlling said clock pulse providing
means to vary the repetition rate of the clock
pulses in accordance with said one of the first se-
lectable digit values;

e. a binary counter for counting said clock pulses,
said binary counter having a plurality of stages of
flip-flop circuits;

f. 'means for relating each of said second selectable
digit values with a respectively corresponding num-
ber of stages of said flip-flop circuits of said binary
counter in cascade connection; )

g. means for initiating counting of the clock pulses by
said binary counter when exposure is initiated; and

h. means for terminating the exposure when said
binary counter counts a number of clock pulses
determined by the count capacity for said number
of the stages of said flip-flop circuits which is re-
lated to said- one of the second selectable digit
values to which the analog signal for a given scene
brightness is converted.

12. An automatic exposure time control circuit for a
camera for automatically adjusting exposure time in
accordance with scene brightness, comprising:

a. a light measuring circuit for measuring the scene
brightness and producing an analog electric signal
proportional to the logarithm of the scene bright-
ness;

b. an A-D converter circuit having a plurality of se-
lectable digit values for converting said analog
signal into one of said digit values;

c. a pulse generator for producing clock pulses of a
given repetition rate;

d. a binary counter for counting said clock pulses,
said binary counter having a plurality of stages of
flip-flop circuits;

e. means for relating each of said selectable digit
values with a respectively corresponding number of
stages of said flip-flop circuits in cascade connec-
tion,

f. means for initiating counting of the clock pulses by
said binary counter when exposure is initiated; and

g. means for terminating the exposure when said
binary counter counts a number of clock pulses
determined by the count capacity for said number
of the stages of said flip-flop circuits which is re-
lated to said one of the digit values to which the
analog signal for a given scene brightness is con-

verted.
* *, £ * *
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