d
il
I
i
i

A

USOORE35652E
United States Patent 19 (o= Patent Number: Re. 35,652
Nonaka et al. 45] Reissued Date of Patent: Nov. 4, 1997
[54] OBJECT DISTANCE DETECTING FOREIGN PATENT DOCUMENTS
APPARATUS
59228212 12/1984 Japan .

[75] Imventors: Osamu Nonaka, Sagamihara; 60-244807 12/1935 Japan .

Kazuhiro Yamauchi, Hachioji, both of 1-291111  11/1983  Japan .

Japan

Primary Examiner—Russell E. Adams
Attorney, Agent, or Firm—I ouis Weinstein

[57] ABSTRACT

[73] Assignee: Olympus Optical Co., Ltd., Tokyo,
Japan

[21] Appl. No.: 383,081 ' . _
An object distance detecting apparatus having a light pro-

[22] Filed: Jan. 6, 1995 jecting device for projecting a pulse light toward an object
to be photographed and a primary semiconductor position

_ Related U.S. Patent Documents detecting device for receiving the reflected light from the
Reissue of: object by this light projecting device and outputting a first
[64] Patent No.: 5,204,714 current value and second current value corresponding to the
Issued: Apr. 20, 1993 object distance, comprising: a first integrating circuit for
Appl. No.: 711,641 integrating a predetermined number of times the added value
Filed: Jun. 6, 1991 of the above-mentioned first current value and second cur-

130] Foreign Application Priority Data rent value, a second integrating circuit for integrating a

predetermined number of times the ratio operating value of
Jun. 15, 1990 [JP] Japan ......cccciniccicennsnecanss 2-157113 the above-mentioned both current values, a first calculating
Jun. 29, 1990 [JP] Japan ......iiciccnnceinsneens.. 2-172499 device for calculating the (}bject distance on the basis of the

(51] Int. CLS .. _ GO3B 13/36 square of the output of the above-mentioned first integrating

circuit and a second calculating device for calculating the
521 US. €L v 396““ 2503%2!1136333210240 object distance on the basis of the output of the above-

mentioned second integrating circuit so that, when the

[58) Field of Search . 3 5 @3 04 396?1’5(?;43350?25(;51/ 16 output of the first calculating means shows a distance nearer
than a predetermined value, the output of the above men-

tioned second calculating device will be made a definite
[56] References Cited distance value but, when the output of the first calculating

U.S. PATENT DOCUMENTS device shows a distance farther than the predetermined
value, the output of the above-mentioned first calculating

4,445,029 4/1984 Nagaoka et al. ....ececicirrenceenenr. 394106 . . . .
4573783  3/1986 MAIUyama ... 396106  GCVICE Will be made a definite distance value.

4,623,237 11/1986 Kaneda et al. .......cccccceercnrerennse. 396/96

5,082,363 1/1992 Nakanishi et al. ......ccoreeceervenmees 396/79 30 Claims, 15 Drawing Sheets
16 30
ADDING FIRST
INTEGRATING
-1 cifflueﬂ CIRCUIT

"‘""I

SECOND

RATIO
> opeRATING | L | B iehTivG

12 :L,,,__u'q_ T 19/([1+12)

é P ||

CIRCUIT

OPERATION
7 CONTROLLING
——{ ~ CIRCUIT
{CPU}

78

few

K VALUE
HEMOHIZIHG
MEANS




U.S. Patent Nov. 4, 1997 Sheet 1 of 15 Re. 35,652

FIG.1
|6 30
120
: ADDING FIRST

)j_ CIRCUIT INTEGRATING
R CIRCUIT
It t ‘
—— | |
4 >
\J

RATIO
OPERATING
CIRCUIT

I1/(I1+12)

SECOND
INTEGRATING
CIRCUIT

OPERATION
CONTROLLING
CIRCUIT

(CPU)

/B

- £
2d K VALUE

MEMORIZING
MEANS



U.S. Patent Nov. 4, 1997 Sheet 2 of 15 Re. 35,652

RESETTING
CIRCUIT

66

CIRCUIT

/-

OPERATION
f—| CONTROLLING |

CIRCUIT(CPU)




U.S. Patent Nov. 4, 1997 Sheet 3 of 15 Re. 35,652

FIG.3

INTEGRATING

CONDENSER
RESETTING ( o)
8IGNAL (R)'?
1 2 3 n
IRED_LIGHT
EMITTING (p) A [
~SIGNAL
1 2 J n

BIAS CUT (B)

AND (o) f [

INTEGRATING

SIGNAL (INT) _
t1

LIGHT AMOUNT (d)1
INTEGRATING

SIGNAL (VPINT)

2

raTio  ° @ |@

OPERATION
SIGNAL (VINT)

LIGHT AMOUNT '

INTEGRATION (f)
READ OUT

RATIO
OPERATION .
READ out (g}



U.S. Patent Nov. 4, 1997 Sheet 4 of 15 Re. 35,652

FIG.49A

DISTANCE
MEASUREMENT
STARTS

IRED LIGHT EMISSION
AND RATIO OPERATION
LIGHT AMOUNT
INTEGRATION

INTEGRATION

LIGHT AMOUNT
READ OUT

1L k'JEDATA
RATIO OPERATION
READ OUT

1/ =— M-‘AD + N




U.S. Patent

Nov. 4, 1997 Sheet 5 of 15

FIG.4B

| DISTANCE
MEASUREMENT
STARTS

IRED LIGHT EMISSION
AND RATIO OPERATION
LIGHT AMOUNT
INTEGRATION

YES

RATIO OPERATION
READ OUT

1/ =— M-AD + N
0zt

LIGHT AMOUNT
INTEGRATION
READ OUT

Re. 35,652



U.S. Patent Nov. 4, 1997 Sheet 6 of 15 Re. 35,652
FI1G.S5A

AD | THEORETICAL
VALUE

S/

S

£CH 1/2
FI1G.5B
\J IPDATA 70%
wz <] 50%
30%
fcH 1/¢
FIG.5C

CPU OPERATION
VALUE

fcH 1/ £



U.S. Patent Nov. 4, 1997 Sheet 7 of 15 Re. 35,652
FIG.GA

70%
RATIO
OPERATION

30%

LIGHT AMOUNT
INTEGRATION

'/
/\
_ LOW LUMINANCE
|
| |
ZCH

1/2

DISTANCE
MEASUREMENT
OUTPUT VALUE

FIG.6B

70%

30%

/\
' HIGH LUMINANCE

DISTANCE
MEASUREMENT
OUTPUT VALUE

i  misekel sy e

ICcH 1/%



U.S. Patent Nov. 4, 1997 Sheet 8 of 15 Re. 35,652

FIG.7A

DISTANCE
MEASUREMENT
OUTPUT VALUE

JCH LCH’ 1/1

DISTANCE
MEASUREMENT
OUTPUT VALUE

fch fcH 1/4



U.S. Patent Nov. 4, 1997 Sheet 9 of 15 Re. 35,652

#
N\

LOW LUMINANCE

HIGH LUMINANCE

30%

DISTANCE
MEASUREMENT
OUTPUT VALUE

|
;
|
I
|
1

| #CH fCH' 1/2
' : A1/ g ;
| : A1/2 > A1/



U.S. Patent Nov. 4, 1997 Sheet 10 of 15 Re. 35,652

FI1G.9

6

!

o

|16
I 12 ADDING FIRST
| r INTEGRATING
I CIRCUIT CIRCUIT

SECOND
INTEGRATING

I CIRCUIT

OPERATION
CONTROLLING L—

CIRCUIT
(CPU) -

RATIO
OPERATING
CIRCUIT

78 | EcHo
K VALUE

8
S LIGHT y
MEMORIZING
weisiine | B | “elen



U.S. Patent

Nov. 4, 1997 Sheet 11 of 15

FIG.10

OBJECT LUMINANCE
DETECTED
SWITCHING DISTANCE
£cH CALCULATED

LIGHT AMOUNT
INTEGRATION DATA AFD1
AND RATIO OPERATION
DATA AFD2 DETECTED

1/ {-— k/AFD1

1/ --— M-AFD2 + N

LENS SETTING
POSITION CALCULATED

-

Re. 35,652



U.S. Patent Nov. 4, 1997 Sheet 12 of 15 Re. 35,652

FI1G.11
E [fchy
O£ fcH2
%: fch=f(BV)
£
<<
"
O
bVi1 bV2 OBJECT
LUMINANCE(BV)
AFD2 |
DISPERSION
AN / THEORETICAL
VALUE
| 7
: l
)
b
I |
o
' fcH! 1§
I-.-—-——-—.-l

fcH-max fcH-min

70% 50% (THEORETICAL

DISPERSION VALUE)

AFD1 | (30%)

|

30%
DISPERSION

: (70%)

l .

i

i

|

. [ CH50 | 1/¢



U.S. Patent Nov. 4, 1997 Sheet 13 of 15 | Re. 35,652

FI1G.14

START
OBJECT LUMINANCE
DETECTED
SWITCHING LEVEL VALUE
AFDcH CALCULATED

LIGHT AMOUNT

INTEGRATION DATA AFD1
AND RATIO OPERATION
DATA AFD2 DETECTED

AFD1< AFDCH ? NO
YES
=

LENS SETTINT
POSITION CALCULATED




U.S. Patent Nov. 4, 1997 Sheet 14 of 15 Re. 35,652

FI1G.15

SWITCHING
LEVEL VALUE

AFDcH=1(BV)

a b OBJECT
LUMINANCE(BV)

;
I
I
|
|
i
|
l
I

r
0
- -
Y
r
0
X
o
=
S



U.S. Patent

Nov. 4, 1997 Sheet 15 of 15 Re. 35,652

6
/ /!
~ Hee[
FI1G.18
(PRIOR ART)
{2 15
I
- ' y
_ It « 12 RESETTING
v CIRCUIT
MPARING
: T gy B
. ’ INTEGRATING
S OATA

22

ADDING
CIRCUIT

SUBTRACTING
CIFICUIT

Iref - ([1+12)



Re. 35,652

1

OBJECT DISTANCE DETECTING
APPARATUS

Matter enclosed in heavy brackets [ ]| appears in the
original patent but forms no part of this reissue specifi-
cation; matter printed in italics indicates the additions
made by reissue.

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention relates to object distance detecting appa-
ratus and more particularly to an active type object distance
detecting apparatus whereby pulse light such as infrared rays
1s projected onto an object to be photographed and the object
distance is detected on the basis of the refiected light from
the object.

2. Related Background Art

Object distance detecting apparatus used for autofocus
(abbreviated as AF hereinafter) apparatus of still cameras
and video cameras are largely divided into two systems. One
of the systems is a passive system utilizing the luminance
distribution information of the object and the other is a
so-called active system having a self light projecting means
and measuring the distance by the reflected light of the
projected light signal. The active system is simple in the
formation, is low in cost and therefore is high in the
prevalence rate but has the greatest defect that the farther the
object distance, the smaller the size of the reflected light, the
AF operation will become inaccurate due to the deterioration
of the S/N ratio and therefore the measurable range will be
limited to a comparatively near distance. Particularly, the AF
operation will be made by only the noise component within
the circuit for such object said to be infinitely far as a scenery
in which no reflected light returns at all but the noise will
occur like random numbers and therefore the larger the
distance, the higher the possibility of causing a mis-
measurement of the distance.

Therefore, there is already suggested a means whercby,
though likely to be influenced by the reflection factor of the
object to be photographed, the light amount, that is, the
intensity of the total reflection light entering a light receiving
means is made a signal and is compared with a reference
voltage to judge the infinitely far distance (See the publica-
tions of Japanese Patent Applications Laid Open Nos.
228212/1984 and 244807/1985). According to this means, it
will be possible to judge distances up to a comparatively far
distance.

However, in this prior distance measuring means, there
has been a problem that, when the distance judged by the
intensity of the reflected light of the object is to be minutely
judged as divided into several steps, as many reference
voltages and comparators as there are steps will have to be
provided and the complication of the circuits and the
increase of the cost will be inevitable.

The formation of an active type AF apparatus based on a
generally known triangular distance measuring method shall
be explained in the following with reference to FIG. 17. A
light emitted by an infrared ray emitting diode IRED 1 will
be condensed by a light projecting lens 2 and will be radiated
toward an object 3 to be imaged and its reflected lLight will
be made by a light receiving lens 4 to form an image on a
well known position sensitive device (abbreviated as PSD
hereinafter) 8. As aresult, in this PSD §, light currents I, and
I, will be generated in response to the entering position and
will be fed to an IC 6 for AF which will pulse-drive the
above-mentioned IRED 1 through an IRED driving transis-
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tor 1A and will feed a CPU 7 with distance measuring data
based on the light currents I, and I, from the above-
mentioned PSD 5.

On the other hand, a light receiving device 8 for control-
ling the exposure (abbreviated as EE hereinafter) converting
the brightness of the, object to an electric signal is combined
with an IC 9 for EE to control a proper exposure. The above
mentioned CPU 7 controls the sequence of the entire camera

and operates the opening time of the shutter and driving a
focus adjusting lens. The output of the CPU 7 drives a motor
11 through driver 10. Motor 11 serves as a power source to
operate the shutter, wind up the film and pay out the lens.

The operating principle of the infrared ray projecting type
triangular distance measuring method for measuring the
object distance by the above-mentioned PSD 5 shall now be
described herein. When the reflected light entering position
is represented by x, the distance, that is, the base line length
between the main points of the light projecting lens 2 and
light receiving lens 4 is represented by s and the focal
distance of the light receiving lens 4 is represented by f,,. the
object distance 1 will be given by

}=s-f/x . (D)

The light currents I, and I, generated in the PSD S by the
reflected light of the object by the IRED 1 are proportional
to the reflected light intensity but the light current 1,/1, is
determined by only the entering light position X without
depending on the reflected light intensity. If the total length
of the PSD § is represented by t,

I/L=(t/24x)(t/2—x)

will be made. If the formula (1) 1s substituted in the above
formula,

L/ Ty=(t+25-£o/1 (t-25-1p/1) (2)

will be made. Therefore, if the light current I,/1, of the PSD
S is determined, the object distance 1 will be readily deter-
mined.
If the above mentioned formula (2) 1s modified,
I, t+2s - fo/l (3)
B 7P A T = 1/2+ s - fy/l,

will be made and, in a near distance in which the light
currents I, and I, are large enough, the information of the
distance 1 will be able to be determined at a high precision
from this formula (3). That is to say,

I t (4)

I1 {
1 = S-g ( I1+E _T)
However, in a far distance, the light currents I, and I, of
the PSD § will become smaller, the noise components I,
and I, will relatively increase and therefore the above-

mentioned formula (4) will have to be rewritten to be as in
the following formula (5):

Ii +Im 1 ) (3)

I ¢
T'Tf?(m'T

When the above-mentioned formula (4) is made a theo-
retical value, the error Al/] of 1/1 determined by this formula
(5) will be the formula (5)—formula (4), that is,
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ALt LIy — Il (6)
T "'l T+ERYA + L)+ dw + )}

will be made.

Here, in the case of the above mentioned formula (6), as
the ratio operation has been already made, however the
number of times of the integration may be increased it is
difficult to reduce the error to zero.

On the other hand, though different from the triangular
distance measurement, the distance may be measured by
using the sum of the signal light currents I, and I, of the PSD
S.

Therefore, by Japanese Patent Application Laid Open No.
291111/1989, the present applicant has suggested an active
type AF circuit wherein the distance is measured for a near
distance object by using the operation of the ratio given by
the above-mentioned formula (4) and for a far distance
object by the result of the integration of the light amount.

The object distance detecting apparatus in the AF circuit
of the Japanese Patent Application Laid Open No. 291111/
1989 is formed as shown in FIG. 18 wherein the output
result of the ratio I,/(I,+1,) operating circuit 15 and the
output result of the adding circuit 16 operating the light
amount integration are selectively processed in the same
integrating circuit 20.

That is to say, the light currents I, and I, from the PSD §
are input respectively into the amplifiers 12 and 13 of low
input impedances, have the DC current component based on
the constant light separated and are then amplified. The
respective outputs are input into the operating circuit 15 and
adding circuit 16. The adding circuit 16 adds the light
currents I, and I, and the output I,+1, is fed to one input
terminal of the comparator 18. A comparing signal I _.output
from a comparing signal generating circuit 17 is fed to the
other input terminal of the comparator 18.

The operating circuit 15 operates I, /(I1,+1,) corresponding
to the ratio of the light currents I, and I, and inputs its
output, into the integrating circuit 20 through the switch 19.
The output of the above-mentioned adding circuit 16 and the
comparing signal I, _-are fed also to the subtracting circuit 23
which generates a signal I,_~(I,+1,) corresponding to the
intensity of the reflected light for the measurement of a far
distance. The output of the subtracting circuit 23 is input into
the integrating circuit 20 through a switch 22. The output of
the integrating circuit 20 is taken out as AF data. By the way,
at the time of starting an integration, a predetermined
integration starting voltage will be given to the integrating
circuit 20 by the resetting circuit 21.

The above-mentioned switch 19 1s controlled by the
output of the comparator 18 and the switch 22 is controlled
by the inverted output of the comparator 18. The integrating
circuit, 20 operates an integration based on either one of the
output of the operating circuit 15 and the output of the
subtracting circuit 23 in response to the size relation
between I,+1, and I,

Here, in case I+, is larger than 1, the object will be at
a near distance and the S/N ratio of the light currents I, and
I, will be able to be judged to be good but, on the contrary,
in case I;+I, is smaller than I, the object will be at a far
distance and the precision of the operating circuit 15 will be
judged to be difficult to securc and, at this time, the switch
19 will be switched off and the switch 22 will be switched
on so that the output I _~(1,+I,) of the subtracting circuit 23
will be input into the integrating circuit 20.

Now, the technical means suggested in the above-
mentioned Japanese Patent Application Laid Open No.
2G1111/1989 has defects that, as two distance measuring
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means are switched over to one or the other by the value of
I,+I,, an erroneous switching may be made by a random
noise and, as there is an unstable part near the switching of
the distance measuring means, a discontinuity will be pro-
duced in the relation between the output value and distance.

Further, in the above-mentioned technical means, as such
analogous divisional judgment as of I,~(I,+L,) is made in
the far distance side operation, it has been difficult to
measure the distance at a high precision on the far distance
side.

SUMMARY OF THE INVENTION

A first object of the present invention is to provide an
object distance detecting apparatus wherein, in using two
kinds of distance measurements of a triangular distance
measuring method and a light amount as switched over to
one or the other, in order to eliminate the above-mentioned
conventional defects, the noise cancelling effect by an
integration 1is ingeniously utilized and two integrating means
respectively for a ratio operation and for a light amount are
used so that the random noise may be removed and an
accurate distance measured value may be obtained.

A second object of the present invention is to provide an
object distance detecting apparatus wherein the switching
reference value is corrected in response to the object Iumi-
nance so that the distance measurement based on a triangular
distance measuring method and the distance measurement
based on the intensity of the reflected light may be switched
over to one of the other at the always optimum switching
distance and a distance may be measured at a high precision
with less dispersed errors.

According to the present invention, as an object at a far
distance is operated with 1/l=v(I;+L,), the distance measur-
ing precision will be improved, as both operation values of
the ratio operation value and adding operation value are
respectively integrated, the noise canceling effect by the
integration will be large and, as the operation result is
selected by the distance value, the distance will be able to be
detected at a high precision with little dispersion from the far
distance to the near distance. Further, in the present
invention, there is also an effect that, as the two kinds of
integration mentioned above are simultancously made, the
time lag will be able to be reduced.

Also, according to the present invention, there can be
provided a high precision object distance detecting appara-
tus whereby the distance of a near distance object is mea-
sured at a high density by a precise AF operation based on
a signal corresponding to the ratio of two light currents,
when the object is at a far distance and the precision of this
AF operation can be no longer secured in respect of the S/N
ratio, the distance will be measured by a simple AF opera-
tion based on a signal corresponding to the reflection inten-
sity of the object larger as an absolute amount of the signal
than of the ratio and, as two distance measuring systems are
switched over to ecach other at the optimum switching
distance always minimizing the distance measuring errors
even if the object luminance varies, distance measuring data
will be able to be taken out analogously from a near distance
to a far distance.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a formation block diagram of an object distance
detecting apparatus showing a first embodiment of the
present invention.

FIG. 2 is a concrete electric circuit diagram of the object
distance detecting apparatus of the first embodiment men-
tioned above.
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FIG. 3 is a timing chart for explaining the operation of the
object distance detecting apparatus in FIG. 2.

FIG. 4Ais a flow chart showing the operation of the object
distance detecting apparatus in FIG. 2.

FIG. 4B 1s a flow chart showing the opcrétion of a
modification of the object distance detecting apparatus of the
above-mentioned first embodiment.

FIGS. SA to SC are graphs respectively showing distance
measuring results by the distance detecting apparatus of the

present invention.

FIGS. 6A, 6B, 7A, 7B and 8 are graphs for explaining the
dispersions of distance measuring errors by the variation of

the object luminance.

FIG. 9 is a formation block diagram of the object distance
detecting apparatus showing a second embodiment of the

present invention.

FIG. 10 is a flow chart of the switching operation in the
object distance detecting apparatus of the above-mentioned

second embodiment.

FI1G. 11 is a graph diagram showing the relation between
the object luminance and switching distance.

FIGS. 12 and 13 are graphs for explaining the dispersions
of distance measuring errors by the variation of the object
luminance.

FIG. 14 is a flow chart of the switching operation in the
object distance detecting apparatus of the third embodiment
of the present invention.

FIGS. 1S and 16 are graphs showing respectively the
relations between the object luminance and switching level
value and between the switching distance and operation
data.

FIG. 17 is a formation block diagram of an active type
object distance detecting apparatus in an AF camera.

FIG. 18 is a block diagram showing the formation of a
conventional active type object distance detecting apparatus.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

In the object distance detecting apparatus of the first
embodiment of the present invention shown in FIG. 1, an
IRED 1, IRED driver 1A, PSD 3§, light projecting lens 1,
light receiving lens 4, operation controlling circuit 7 formed
of a CPU and amplifiers 12 and 13 are formed the same as
in the conventional apparatus shown in FIGS. 17 and 18.

The light currents I, and I, of the above-mentioned PSD
S are separated into DC cumrent components, caused by
constant lights, by constant light removing circuits 120 and
130 including respectively preamplifiers 12 and 13 of a low
input impedance and the respective outputs are respectively
input into an adding circuit 16 and ratio operating circuit 15.
The sum of the first current I, and second current 1, added
by the adding circuit 16 is input into a first integrating circuit
30 wherein a predetermined number of times of the inte-
grating operation are made. A ratio operating circuit 15
operates the ratio of both light currents I, and I, and inputs
the output into a second integrating circuit 31 wherein a
predetermined number of times of the integrating operation
are made. By this integrating operation, the IRED 1 emits
light several times toward the object to be imaged and the
random noises contained in the light currents I, and I, output
by recetving the reflected light are cancelled every time and
the integrating effect is developed.

Then, the outputs of the first integrating circuit 30 and
second integrating circuit 31 are input into the operation

10

15

25

35

45

33

65

6

controlling circuit 7 consisting of the CPU. This operation
controlling circuit 7 has a first calculating circuit 7A of a first
calculating means for calculating the object distance on the
basis of the square root of the output of the above-mentioned
first integrating circuit 30 and a second calculating circuit
7B of a second calculating means for calculating the object
distance on the basis of the output of the above-mentioned
second integrating circuit 31, respectively making calcula-
tions. When the the output of the first calculating circuit 7A
shows a distance nearer than a predetermined distance value
1-;; as a reference value input from the memorizing means
24, the output of the above-mentioned second calculating
means 7B will be a definite distance value 1 and, in case the
output of the first calculating circuit 7A shows a distance
farther than the above-mentioned reference value 1, the
output of this first calculating means will be output as the
definite distance value 1.

Also, this operation controlling circuit 7 controls through
a timing circuit 33 the operations of the above-mentioned
first and second integrating circuits 30 and 31 and IRED
driver 1A.

- FIG. 2 shows a concrete electric circuit of the object
distance detecting apparatus of the first embodiment of the
present invention shown in FIG. 1. As shown in this electric
circuit, the circuit systems in which the two signals of the
light currents I, and I, generated in the PSD S are amplified
respectively by the amplifiers 12 and 13 and are respectively
led to the adding circuit 16 and ratio operating circuit 18 are
formed respectively exactly the same and therefore only the
circuit system of one light current I, shall be explained here
for purposes of simplicity.

In case the camera is directed to an object to be
photographed, as the object is generally constantly illumi-
nated with the sun light or artificial illuminating light, not
only the signal light but also the constant light thereby will
enter the PSD § which will output a constant light carrent I,
thereby. In the AF operation, this constant light current I,
must be removed and only the signal light currents I, and I,
by the IRED 1 (See FIG. 1) must be distinguished and taken
out.

Therefore, this constant light current removing operation
shall be first explained. As the component of the constant
light current I, will not fundamentally vary between when
the IRED is not emitting light and when it is emitting light,
this constant light current I, and the signal light currents I,
and I, can be discriminated from each other by judging the
varying part to be the signal light currents I, and 1,. Before
the IRED 1 emits light (FIG. 1). the constant light current 1,
will be delivered to the amplifier 12 (13) by the low
impedance and will be amplified by a transistor 40 (51). This
amplified current flows into a compressing diode 46 (57) by
current mirror circuits 41 and 43 (52 and S4). However,
when the potential of the compressing diode 46 (57)
becomes higher by the inflow of the above-mentioned
current I, at this time, a holding amplifier 48 (59) will
operate 10 control the base potential of a transistor 50 (61)
and to abandon the above-mentioned constant light current

I, to the GND.

That is to say, as the voltage of the compressing diode 46
(57) biased by the constant current 1,,, of the constant
current source 45 (56) is applied to the+side input end of the
above-mentioned holding amplifier 48 (89) and the voltage
of the compressing diode 69 biased by the same constant
current I,, by the constant current source 68 is applied to
the-side input end respectively through back amplifiers 47
(58) and 67, so long as the holding amplifier 48 (59) is
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functioning, the current by the constant light current I, will
not flow into the compressing diode 46 (57). That is to say,
in the line indicated by the arrow X, there is no flow of the
current and this circuit is stable.

Then, in case the IRED 1 emits light, the constant light 5
current L, plus the signal light current I, (1,) will be input
into the preamplifier 12 (13). At this time, the holding
amplifier 48 (59) will be off as synchronized with the light

emission of the IRED 1 and therefore, on the basis of the
potential memorized by the holding condenser 49 (60), the

constant light current I, will be abandoned to the GND
through the transistor $0 (61) but only the signal light
current I, (I,) will be amplified by the transistor 40 (51) and
will flow into the compressing diode 46 (S7) through the
current mirrors 41 and 43 (52 and 54). At this time, the same
as in the holding amplifier 48 (59), the constant current
source 45 (56) will be switched off by a bias cutting signal
B, output from the timing circuit 33 to the line shown by the
reference symbol B, in the diagram and therefore a com-
pressed voltage will be produced by only the signal light
current I, in the compressing diode 46. In the same manner,
the signal light current I, will also have the constant light
current I, removed and will flow into the compressing diode
57

These compressed voltages V, and V, are input into a
ratio operating circuit 15 consisting of transistors 62 and 63
and a constant current source 64 respectively through the
above-mentioned buffer amplifiers 47 and 58. A second
integrating circuit 31 is formed of an integrating condenser
65 and resetting circuit 66.

In this ratio operating circuit 15, when the constant
current sourle 64 is switched on as synchronized with the
light emission of the IRED 1, the integrated current L, - will
satisfy the relation of
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and therefore, in the integrating condenser, a voltage signal
of

40
Il T (3)
Vm=ﬂ-1l—+il— -ICP--E—
11 T {3)
VM=II*-L—+11— -I¢*?
45

will be generated.

Here, n represents a number of times of the light emission
of the IRED 1;

I® represents a current value of the constant current
source 64;

T represents an integrating time of one integration; and

C represents a capacity of the integrating condenser 65.

Prior to the light emission of the IRED 1, the above-
mentioned resetting circuit 66 will operate to keep the
potential of the integrating condenser 65 in the initial state
and to make the integrated voltage V  ,,=D.

The V. in the above mentioned formula (8) is read out
by the A/D conversion by the operation controlling circuit
(CPU) 7 but, as the formnula (9)

55

60

C-Vmr 1 )

+=-rffr(m-7)

holds good from the above mentioned formulae (4) and (8),
the distance information 1 will be determined from V.

The above is a description of the operation of calculating 65
the distance information by the ratio operation in this
embodiment.

8

In the following, the operation of integrating the added
value of the ight currents I, and 1,, that is, the light amount

shall be described. In the same manner as in the ratio
operation, the amplified signal light currents I, and I, are led
to the adding circuit 16 by the current mirror circuits 41, 42,
52 and $3.

Here, in the transistors 42 and 53 forming the above-
mentioned current mirror circuits, a bias current is con-
stantly flowed also to the above-mentioned signal light
currents I, and I,, because, unless biased, the above-
mentioned transistors 40, 41, 42 and 43 (51, 52, 53 and 54)

will deteriorate in the response. They are respectively biased
by the constant current I, flowed by the constant current
source 44 (85) where the current of the line X is made P by
the above described constant light removing operation.

Therefore, in the light amount integrating circuit, the bias
by this constant current I, 1s removed and only the signal
light currents I, and I, are integrated. That is to say, the
currents flowing in from the transistors 42 and 53 before the
light emission of the IRED 1 are removed and only the
currents I,+I, after subtracting them are integrated. Thus,
the same operation as in the already described constant light
removing circuit is made.

In the switching circuit connected to the above-mentioned
adding circuit 16, before the light emission of the IRED 1,
the switches 72 and 73 will be on (i.e. closed) and the
switches 70 and 71 will be off (i.e. open) and therefore the
bias currents in both channels are combined and two I,
parts are abandoned to the GND by the operation of the
holding amplifier 76, because, if the current tends to flow to
the resistance 78, the voltage drop will be detected by the
holding amplifier 76 and the transistor 78 will be controlled.
That is to say, in such case, if the current tends to flow in the
direction indicated by the arrow (a), the potential at the+side
input end of the holding amplifier 76 will rise and the
transistor 78 will increase the collector current to suppress
the flow in the direction (a). On the contrary, if the current
tends to flow in the direction of the atrow (b), the potential
at the—side input end of the holding amplifier will rise and
the transistor 78 will decrease the collector current to
suppress the flow in the direction (b).

Thus, in whichever direction the current may tend to flow
for the resistance 75 depending on the noise component
included in the two Ipp parts of the bias current, it will be
sensitively removed in this circuit.

Then, if the IRED 1 emits light, by the integrating signal
INT from the timing circuit 33, the switches 72 and 73 will
be switched off and the switches 70 and 71 will be switched
on and therefore, on the basis of the electric charge memo-
rized by the holding condenser 77, the bias current will be

abandoned by the transistor 78 and only the currents based
on the signal light currents I, and I, will be led into the first
integrating circuit 30 through the course in the direction of
the arrow (c). This first integrating circuit 30 is formed of a
light amount integrating circuit consisting of an integrating
amplifier 79 and integrating condenser 80 and integrates the
added value of the above-mentioned signal light currents I,
and L,.

In this integration, if the current amplification rate of the
above mentioned amplifying transistors 40 and S1 is repre-
sented by P, the output voltage V,,,r of the integrating
amplifier 79 will be

nf; + L)t nfl;t (10)

vV p—t =
PINT =~ =G

wherein the above mentioned C, represents the capacity
of the integrating condenser 80. The same as in the above
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mentioned ratio operation, the resetting circuit 81 has a role
of resetting in the initial state the output voltage V .- of the
above-mentioned integrating amplifier 79 before the light
emission of the IRED 1. The above-mentioned V ,,yris read
out by the A/D conversion by the operation controlling 5
circuit (CPU) 7 and the distance information 1/1 is deter-
mined according to the formula (14).

Here, if it is assumed that the reflection factor of the object
to be photographed is constant and the light projecting spot
of the IRED is applied to the entire object, by the principle 10
of light diffusion,

I
T

wherein K is a constant and L =I,+L..
Here, also if the noise current I, is assumed,

M=K\ L +Iy

Before the v is operated,

kN 15+, =k\1, (1)

15

(12)

20

AQUIR=K*(L,L-L)=K? (-Iy) (13)

Here, the above-mentioned formulae (6) and (13) shall be
compared with each other.

In both formulae, when the distance is measured within a
momentary short time, the error A1/l given by the noise
component I, (or I,,; and I,,) will not be greatly different
but, when the distance is measured many times for a long
time, it will come to be different. That is to say, as the noise
component I, (or I, and I,,) is a random noise, the more
it is integrated, the nearer it is to (.

Therefore, in the above-mentioned formula (13), as dif-
ferent from the case of the above-mentioned formula (6), the
more it is integrated, the nearer it is to 0 and the smaller the

error.
Therefore, from the above-mentioned formulae (11) and

10,
1= K\I Z—P;—”:T

will be made and the distance information 1/1 can be
determined.

A timing chart of the above AF operation is shown in FIG. 45
3. As shown in this timing chart, the light amount integrating
signal V_ ;. and the ratio operation integrating signal V .,
will be read out by the timings at the time points (d) and (¢)
in case they are directly read out by the operation controlling
circuit (CPU) 7. In the case of the A/D conversion by the
generally known double integration, the time of respective t,
and t, will be read out by the timings at the time point (d)’
and (¢e)'.

The above-described constant K is to correct the disper-
sions of the light amount of the IRED 1, the photoelectric
conversion efficiency of the PSD §, the amplification rates of
the preamplifiers 12 and 13 and the AF light projecting and
receiving lenses 2 and 4.

These dispersions are memorized as correction data for
correcting them on each product and the distance measuring
opcration by the above-mentioned formula (11) is made
realizable at a higher precision. |

Now, an example of a flow chart for detecting an actual
distance in an object distance detecting apparatus having the
above-mentioned two distance measuring means is shown in
FIG. 4A. In this flow chart, the above-mentioned formula

(14) is simplified to be in the form of
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1/=KVI,DATA (15)

wherein I DATA represents a digital value of the light
amount integrating signal V,,;, as read in by the operation
controlling circuit (CPU). The above mentioned formula (9)
is also simplified to be in the form of

1/I=EM-AD+N (16)

wherein AD represents a digital value of the ratio operation
integrating signal V- as read in by the operation control-
ling circuit (CPU) and M and N are constants.

In the above-mentioned flow chart, first, with pushing the
release button, a distance measuring operation is started. The
light emitting time number n of the IRED 1 is set to be “16”
and, each light emitting time, the integration by the ratio
operation current value shown by the formula (7) and the
light amount integration by I,+1, are made. At the time point
when the light emitting time number becomes *16”, first, the
distance 1/1 to the object to be photographed is calculated on
the basis of the light amount integration. Then, it is judged
whether this distance 1 is farther than a predetermined
distance 1. for example, 10 m. If it is farther, the object
distance determined from the above-mentioned light amount
integration will be output as a definite distance value. On the
other hand, if the distance determined from the above-
mentioned light amount integration is nearer than 1, the
distance 1/1 will be determined from the ratic operation
integration value and will be output as a definite distance
value. By the way, in case, for example, the radiated light
amount of the IRED 1 is so large that, even for the object at
a distance of 15 m, the ratio operation will be well made at
a high precision by its reflected light amount, the above-
mentioned predetermined distance 1, may be switched to
be 15 m and the larger the light emitting time number n, the
higher the precision of measuring the distance.

By the way, in the above mentioned embodiment, first, the
object distance 1 is determined by the light amount integra-
tion and, in case this distance is farther than the predeter-
mined distance 1, the distance value by this light mount
integration will be output as a definite value and, 1n case the
determined distance is nearer than the predetermined dis-
tance 15, the object distance 1 will be newly determined and
the distance valuc by this ratio operation will be output as a
definite value but this relation may be reversed.

That is to say, as shown in FIG. 4B, first, the object
distance 1 is determined by the ratio operation. In case this
distance is nearer than the predetermined distance 1. the
distance value by this ratio operation will be output as a
definite value and, in case it is farther, the object distance |
will be newly determined by the light amount integration
and the distance value by this light amount integration may
be output as a definite value.

FIGS. 5A to 5C are graphs showing the distance measur-
ing results by the object distance detecting apparatus of the
present invention. FIG. SA shows a result of the ratio
operation, W, representing a dispersion due to noise. As
seen from FIG. 5A, the farther the distance the smaller the
signal light amount and the wider the above-mentioned
width W ,.

FIG. 5B shows a result of the light amount integration.
The dispersion due to noise is small in the cancelling effect
by the integration. The dispersion by the reflection factor of
the object is rather a main factor of the dispersion W,. That
is to say, if the reflection factor for the signal light of the
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infrared light emitting diode IRED of a general object to be
photographed is 30 to 70% and the above-mentioned for-
mula (15) holds good on the reflection factor of 50%
intermediate between them, the I DATA,, by the object of
an infrared reflection factor of 30% will be

[.DATA ;=% ¥k-(1/1) (17}

and the
factor of 70% will be

L.DATA. =7 Y-(1/1)? (18)

As the dispersion difference Al, is

AL =L DATA oL, DATA

and

ALLDATA ;=% -V&-(111)?,

the larger the object distance 1, the smaller the difference.

This is just reverse to the dispersion by the ratio operation.
When these two distance measuring systems are combined
with each other at a distance 1.5, where the dispersions of
both substantially coincide with each other, as shown in FIG.
SC, a distance detecting apparatus of a high precision having
few dispersions from a far distance to a near distance will be
able to be realized.

Here, the dispersion W, of the above-mentioned ratio
operation becomes large, because the S/N ratio deteriorates
not only due to the object distance but also due to the
elevation of the object luminance. Therefore, as shown in
FIGS. 6A and 6B, when the object luminance varies, the
optimum switching distance 1, as a reference value will
also move with it.

Therefore, there is a disadvantage that as shown in FIGS.
7A, 7B and 8, if the optimum switching distance 1., when
the object luminance is low is fixed as a switching distance,
the distance measuring error Al/l at the switching distance
l-;; when the object luminance becomes high will be larger
than the distance measuring error AL/l' at the optimum
switching distance I, at a high luminance and therefore no
accurate distance measuring result will be obtained near the
switching distance.

Therefore, in order to improve the distance measuring
precision near the switching distance, even if the object
luminance varies, it will be always necessary to switch the
two distance measuring systems at the optimum switching
distance 1.

FIG. 9 is a formation block diagram of object distance
detecting apparatus showing the second embodiment of the
present invention. In this second embodiment, too, the IRED
1. IRED driver 1A, PSD §, light projecting lens 2, light
receiving lens 4, driver 10 and motor 11 are formed the same
as are shown in FIGS. 1 and 17.

That is to say, the light emitted from the IRED 1 1s
condensed and projected by the light projecting lens 2
toward the object to be photographed and its reflected light
is made to form an image on the PSD 3 by the light receiving
lens 4. In this PSD §, light currents I, and I, are separated
in response to the imaging position and are fed to the IC 6
for AF which pulse-drives the above-mentioned IRED 1 and
feeds the CPU 7 with distance measuring data based on the
light currents I, and L, from the above-mentioned PSD 8S.
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On the other hand, the light receiving device 8 converting
the brightness of the object to an electric signal is combined
with the IC 9 for EE to control the Proper exposure. The
above-mentioned CPU 7 controls the sequence of the entire
camera and operates also to drive the lenses for adjusting the
shutter opening time and focus. The output of the CPU 7 is
employed to drive the motor 11 which is a power source for
operating the shutter, winding up the film and paying out the
lens by the driver 10.

From the memorizing means 24, the above-described

correction value k and reference value 14, are input into
the CPU 7.

Here, the IC 6 for AF is formed as follows. That is to say,
the lLight currents I, and L, from the above-mentioned PSD
5 have the DC current component by the constant light
separated respectively by the preamplifiers 12 and 13 of a
low input impedance and are input into the adding circuit 16
and ratio operating circuit 15. The current sum of the first
current I, and second current 1, added by the adding circuit
16 i1s input into the first integrating circuit 91 and is
integrated here a predetermined number of times. The ratio
of both currents I, and I, is operated by the ratio operating
circuit 15 and its output is input into the second integrating
circuit 92 and is integrated here a predetermined number of
times. By this integration, the IRED 1 emits light a plurality
of times toward the object. The random noise included in the
light currents I, and I, output, by receiving the reflected light
will be cancelled each time to develop the effect of the
integration.

Then, the first signal output from the first integrating
circuit 91 and the second signal output from the second
integrating circuit 92 are input into the operation controlling
circuit 7, consisting of a CPU, through the output circuit 93.
Within this operation controlling circuit 7 are provided a
judging means for comparing the output corresponding to
the above-mentioned first signal with a reference value,
distance information operating means and correcting means
of the above-mentioned reference value so that the input
above-mentioned first signal output may be compared with
the above-mentioned reference value corrected in response
to the object luminance measured by the above-mentioned
light measuring light receiving device 8 and light measuring
circuit 9. One of the above-mentioned first signal and second
signal is selected in response to the output of this judging

means, the distance information is calculated on the basis of
it and the output signal is fed to the above-mentioned driver

10 to drive the motor 11 for the AF operation. The motor 11
may, for example, drive a camera focusing lens, as shown.

The above-mentioned operation controlling circuit 7 con-
trols the operations of the above-mentioned first and second
integrating circuits 91 and 92 and also the above-mentioned
IRED driver 1A.

FIG. 10 is a flow chart of the operation of switching two
distance measuring systems.

As shown in this flow chart, first the object luminance is
detected by the light measuring light receiving device 8 and
light measuring circuit 9 so that the switching distance 1.,
as of areference value input from the memorizing means 24
may be corrected to be of a value 1, corresponding to the
luminance. This is determined by the function of the object
luminance BV as shown in FIG. 11 but may be determined
by a calculating formula or may be memorized as in a table
within a ROM within the operation controlling circuit 7
consisting of a CPU.

Then, the object distance is determined from the light
amount integrating data AFD1. The calculating formula is
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(19)

—",—=K\l AFD1

wherein K is a constant.

Then, this object distance 1 and the above-mentioned
switching distance 1., are compared with each other. If the
object distance 1 determined here is larger than the prior
determined distance 1, the object distance determined
from the above- mentioned light amount integrating data
AFD1 will become a final distance measuring result and the
photographing lens setting position will be calculated.

If the object distance 1 determined from the light amount
integrating data AFD1 is not larger than the switching
distance 1., the object distance will be determined by the
following calculating formula froim the ratio operating data
AFD2 and will be made a final distance measuring result.

The calculating formula is

Y=M-AFD2+N (20)

wherein M and N are constants.

The reason why the switching of the two distance mea-
suring systems is judged on the basis of the distance deter-
mined by the light amount integrating data instead of the
distance determined by the ratio operating data shall be
explained in the following.

The dispersion of the ratio operation is random as
described above. If the switching is judged by comparing the
distance determined by the ratio operation and the switching
distance 1, with each other, even if the conditions of the
object are the same, the actually switched distance will
disperse between 1y, 204 1~4,... shown in FIG. 12.

Now, as the error of the distance determined by the light
amount integrating data will be substantially determined by
the refiection factor of the object to be photographed, if the
switching is judged by comparing the distance determined
by the light amount integrating data and the switching
distance 1, with each other, so long as the conditions are
the same, the actually switched distance will not substan-
tially disperse.

Now, when the distance is to be determined from the light
amount integrating data with the object of an infrared
refiection factor of 50% as a reference, in case the infrared
reflection factor of the object varies between 30 and 70%,
the actually switching distance will vary between 1;.,, and
loso as shown in FIG. 13 and will switch on the near
distance side when the reflection factor of the object is low
but on the far distance side when the reflection factor is high.

However, in case the refiection factor of the object is low,
the signal light amount will decrease, the width of the
dispersion of the ratio operation will become wider and the
distance measuring precision will deteriorate and therefore
the systems had better be switched on the near distance side.
In case the reflection factor of the object is high, the signal
light amount will increase, the width of the dispersion of the
ratio operation will become narrower and the distance
measuring precision will improve and therefore the systems
had better be switched on the far distance side. Therefore,
even if the reflection factor of the object varies, the two
measuring systems will be favorably switched over one to
the other (See FIG. 13).

As described above, according to the above-mentioned
second embodiment, the optimum switching distance 1.,
minimizing the switching errors calculated by the object
luminance information, and the distance determined by the
light amount integrating data are compared with each other
and, if the latter distance is farther than the former switching
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distance 1, the distance measuring result based on the light
amount integrating data will be adopted but, if it is nearer
than the switching distance 1., the distance measuring
result based on the ratio operating data will be adopted so
that the distance from a near distance to a far distance may
be accurately measured by the object distance detecting

apparatus provided by the present invention.
The third embodiment of the present invention shall be

explained in the following.

In the above-mentioned second embodiment, the switch-
ing is judged by comparing the switching distance 1.4
calculated by the object luminance and the distance deter-
mined by the light amount integrating data with each other
but may be judged by comparing the light amount integrat-
ing data themselves with a judging level before calculating
the distance from the light amount integrating data.

Therefore, in this third embodiment, the switching level
value AFD, is calculated on the basis of the object
luminance and is compared with the light amount integrating
data AFD] and, if AFD1 is not smaller than AFD_,;, the
distance will be calculated on the basis of the above men-
tioned formula (20) from the ratio operating data AFD2.

FIG. 14 is a flow chart of the operation of switching two
distance measuring systems over one to the other in the
object distance detecting apparatus of the third embodiment
of the present invention. The switching level value is deter-
mined by the function of the object luminance as shown in
FIG. 15 but may be determined by a calculating formula and
may be memorized as in a table within the ROM within the
operation controlling circuit. For example, if the BV value
of the object luminance rises from a to b, as shown in FIG.
15, the switching level value will also rise from AFD ., to
AFD ., then the switching distance will move from L,
to L a8s shown in FIG. 16 and the systems will be
switched over one to the other on the nearer distance side.

According to this third embodiment, in case the light
amount integrating data AFD1 is not smaller than the
switching level value AFD_; and the distance is calculated
by the ratio operating data AFD2, the step of calculating the
distance by the light amount integrating data AFD1 will be
omitted and therefore there will be an effect of reducing the
releasing time lag.

What is claimed is:

1. An object distance detecting apparatus having a light
projecting means for projecting a light pulse a plurality of
times toward an object to be photographed and a primary
semiconductor position detecting means for receiving the
reflected light from the object by said light projecting means
and outputting a first current value and second current value
in response to the object distance, comprising:

an adding means for adding said first current value and
second current value;

a first integrating means for integrating said adding means
output;

an operating means for generating an output representing
the ratio of said first current value to the sum of the first
current value and second current value;

a second integrating means for operating an integration
with a carrent value corresponding to said operating
means output; and

an operation controlling means for calculating the object
distance based on the output of said first integrating
means, calculating the object distance based on the
output of said second integrating means and selectively
outputting one of said calculated values as distance

measuring data.
2. An object distance detecting apparatus having a light

projecting means for projecting a light pulse a plurality of
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times toward an object to be photographed and a primary
semiconductor position detecting means for receiving the
reflected light from the object by said light projecting means
and outputting a first current value and second current value
in response to the object distance, comprising:
an adding means for adding said first current value and
second current value;
a first integrating means for integrating said adding means
output;
an operating means for generating an output representing
the ratio of said first current value to the sum of the first
current value and second current value;
a second integrating means for integrating said operating
means output;
a first calculating means for calculating the object dis-
tance on the basis of the output of said first integrating

INCAans,

a second calculating means for calculating the object
distance on the basis of the output of said second
integrating means; and

a selecting means for selecting as distance measuring data
either one of said first calculating means output and
second calculating means output.

3. An object distance detecting apparatus having a light
projecting means for projecting a light pulse a plurality of
times toward an object to be photographed and a primary
semiconductor position detecting means for receiving the
reflected light from the object by said light projecting means
and outputting a first current value and second current value
in response to the object distance, comprising:

a first integrating means for integrating the sum of said

first current value and second current value;

a second integrating means for generating an output
representing an integration with a current value corre-
sponding to the ratio of the operating value of said first
and second current values;

a first calculating means for calculating the object dis-
tance on the basis of the square root of the output of
said first integrating means;

a second calculating means for calculating the object
distance on the basis of the output of said second
integrating means; and

a selecting means for selecting as distance measuring data
one of said first calculating means output and second
calculating means output.

4. An object distance detecting apparatus according to
claim 3 characterized in that said selecting means has a
comparing means for comparing the first calculating means
output with a predetermined reference value.

5. An object distance measuring apparatus having a light
projecting means for projecting a light pulse a plurality of
times onto an object to be photographed and a light receiving
means for receiving the reflected light from the object by
said light projecting means and outputting a first output and
second output at a ratio corresponding to the object distance,
comprising:

a first integrating means for integrating a plurality of
times the sum of said first output and second output in
conformity with the projection of said pulse light;

a second integrating means for integrating a plurality of
times the ratio operating value of said first and second
outputs in conformity with the projection of said pulse
light;

a first operating means for calculating the object distance
on the basis of the square root of the output of said first
integrating means;
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a second operating means for calculating the object dis-
tance on the basis of the output of said second inte-
grating means; and

a selecting means for comparing the output of said first
operating means with a reference value representing a
predetermined distance, selecting the output of said
second operating mecans when the output shows a
distance necarcr than the reference value and selecting
the output of said first operating means when it shows
a distance farther then the reference value.

6. An object distance calculating method by using a light
projecting device intermittently emitting light and a primary
semiconductor position detecting device, comprising the
steps of:

(a) receiving a plurality of times the reflected light from
the object by the light projecting device and integrating
the sum of two current values and integrating the
current value corresponding to a predetermined ratio of
said current values;

(b) calculating first distance data from the result of the
integration by the sum of the two current value;

(c) judging the sizes of the first distance data and prede-
termined distance data and outputting the first distance
data as a distance value when the first distance data
represent a distance farther than the predetermined
distance data; and

(d) calculating and outputting the second distance data as
a distance value from the result of the integration by the
current value corresponding to said ratio when the first
distance data represent a distance nearer than the pre-
determined distance data.

7. An object distance calculating method by using a light
projecting device intermittently emitting light and a primary
semiconductor position detecting device, comprising the
steps of:

(a) receiving a plurality of times the reflected light from
the object by the light projecting device and operating
an integration by the sum of two current values and an
integration by the current values corresponding to a
predetermined ratio based on said first and second

current values, said current values being generated by
said position detecting device as a function of the

distance of said object from the position detection
device;

(b) calculating first distance data from the result of the
integration by the current value corresponding to said
ratio;

(c) comparing the first distance data and predetermined
distance data and outputting the first distance data as a
distance value when the first distance data represent a

distance [farther] closer than the predetermined dis-
tance data; and

(d) calculating and outputting the second distance data as
a distance value from the result of the integration by the
sum of said current values when the first distance data
represent a distance [closer] farther than the predeter-
mined distance data.

8. An object distance detecting apparatus having a light

60 projecting means for projecting a light pulse a plurality of

65

times toward an object to be photographed and a primary
semiconductor position detecting means for receiving the
reflected light from the object by said light projecting means
and outputting a first current value and second current value
in response to the object distance, comprising:
an adding means for summing said first current value and
second current value;
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a first integrating means for integrating said adding means
output;
an operating means for generating an output representing
a predetermined ratio of said first and second current
value;

a first calculating means for calculating the object dis-
tance on the basis of the output of said first integrating
means;

a second calculating means for calculating the object
distance on the basis of the output of said operating
means; and

a judging means for selectively outputting as distance
measuring data one of said first calculating means
output and second calculating means output.

9. An object distance measuring apparatus having a light
projecting means for projecting a light pulse a plurality of
times onto an object to be photographed and a light receiving
means for receiving the reflected light from the object by
said light projecting means and outputting a first output and
second output at a ratio corresponding to the object distance,
comprising:

a first integrating circuit for integrating a plurality of
times the sum of said first output and second output in
conformity with the projection of said light pulse;

a second integrating circuit for integrating a plurality of
times a predetermined ratio operating value of said first
and second outputs in conformity with the projection of
said pulse light; and

an operating means for comparing the output of said first
integrating circuit with reference value, for determining
the object distance on the basis of the output of said
second integrating circuit when the output of said first
integrating circuit is larger than the reference value and
determining the object distance on the basis of the
square root of the output of said first integrating circuit
when the output of said first integrating circuit is
smaller than the reference value.

10. An object distance detecting apparatus having a light
projecting means for projecting a light pulse a plurality of
times toward an object to be photographed and a position
detecting means for receiving the reflected light from the
object by said light projecting means and outputting a first
current value and second current value at a ratio correspond-
ing to the object distance, comprising:

a first integrating means for integrating the sum of said

first current value and second current value:

a second integrating means for operating an integration at
a current value corresponding to a predetermined ratio
operating value of said first and second current values;
and

a selecting means for selecting as distance base data one
of the output of said first integrating [circuit] means and
the output of said second integrating [circuit] means.

11. A device for use in a camera having a light measuring
means for measuring the luminance of an object to be
photographed, a light projecting means for projecting a light
pulse a plurality of times toward the object and a position
detecting means for receiving the reflected light from the
object by the light projecting means and outputting a first
current value and second current value at a ratio correspond-
ing to the object distance, comprising:

a first integrating means for integrating a plurality of
times the sum of said first current value and second
current value; |

an operating means for ratio-operating said first and
second current values to generate an output represent-
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ing a predetermined ratio of said first and second
current values;

a second integrating means for operating an integration a
plurality of times at a current value corresponding to
said operating means output;

a first distance calculating means for calculating the
object distance on the basis of the square root of the
output of said first integrating means;

a second distance calculating means for calculating the
object distance on the basis of the output of said second
integrating means,

a comparing means for comparing said first distance
calculating means output with a reference value;

a judging means for selectively outputting as distance
measuring data one of the first distance calculating

means output and second distance calculating means
output in response to said comparing means output; and

a means for altering said reference value in response to

said light measuring means output.

12. A device for use in a camera having a light projecting
means for projecting a light pulse a plurality of times toward
an object to be photographed and a position detecting means
for receiving the reflected light from the object by said light
projecting means and outputting a first current value and
second current value at a ratio corresponding to the object
distance, comprising:

a first integrating means for integrating a plurality of

times the sum of said first current value and second
current value:

an operating means for ratio-operating said first and
second current values to form a predetermined ratio
based on said first and second values;

a second integrating means for operating a plurality of
times an integration at the current value corresponding
to said operating means output;

a first distance calculating means for calculating the

object distance on the basis of the square root of the
output of said first integrating means;

a second distance calculating means for calculating the
object distance on the basis of the output of said second
integrating means,

a comparing means for comparing said first distance
calculating means output with a reference value;

a judging means for selectively outputting as distance
measuring data one of the first distance calculating
means output and second distance calculating means
output in response to said comparing means output; and

a means for altering said reference value in response to the

object luminance.
13. The device according to claim 12 further comprising
means for correcting the reference value so that the higher
the object luminance, the nearer the distance side on which

the reference value is corrected.

14. An object distance calculating method using a light
measuring device, a light projecting device intermittently
emitting light pulses and a primary semiconductor position
detecting device receiving light pulses reflected from an

object being photographed for generating first and second
currents whose ratio represents object distance, comprising

the steps of:
(a) calculating an object luminance responsive to the
output of said light measuring device;
(b) calculating switching distance data in response to the
object luminance;
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(c) receiving a plurality of times the reflected light from
the object caused by the light projecting device and
operating an integration by the sum of two current
values from the primary semiconductor position detect-
ing device and an integration by the current value
corresponding to a predetermined ratio based upon said
two current values;

(d) calculating first distance data from the result of the
integration of the sum of the two current values;

(e) judging the sizes of the first distance measuring data
and switching distance data and outputting the first
distance data as a distance value when the first distance
data represent a distance farther than the switching
distance data; and

(f) calculating and outputting second distance data as a
distance value from the result of the integration by the
current value corresponding to said predetermined ratio
when the first distance data represent a distance nearer
than the switching distance data.

15. An object distance calculating method using a light
measuring device, a light projecting device intermittently
emitting light and primary semiconductor position detecting
device, comprising the steps of:

(a) calculating the object luminance responsive to the

output of said light measuring device;

(b) calculating a switching level value in response to the
object luminance;

(c) receiving a plurality of times the reflected light form
the object by said light projecting device and operating
an integration by the sum of two current values gen-
erated by said primary semiconductor position detect-
ing device and an integration by the current value

corresponding to a predetermined ratio based upon the
two current values;

(d) comparing the result of the integration by the sum of
the two current values with the switching level value;

(e) calculating object distance data on the basis of the
result of the integration by the sum of the two current

values when the result of the integration by the sum of
the two current values is smaller than the switching

level value;

(I) calculating object distance data on the basis of the
result of the integration by the current value corre-
sponding to said ratio predetermined when the result of
the integration by the sum of the two current values is
larger than the switching level value; and

(g) determining the position of setting a photographing
lens by either of said object distance data.

16. A method for determining the distance of an object
employing a primary semiconductor position detecting
device capable of generating first and second current signals
whose values are a function of object distance responsive to
the position along said device at which light reflected from
the object impinges, comprising the steps of:

(a) sequentially directing a series of light pulses toward
said object, said light pulses being reflected from said
object and impinging upon said position sensing
device;

(b) summing the current signals for each light pulse
reflected by said object upon said position sensing
device;

(c) integrating each of said sums;

(d) generating a predetermined ratio value which is based
upon said first and second current values for each light
pulse impinging upon said position sensing device;

10

15

20

(¢) integrating said ratio values;

(f) generating a first distance value which is a function of
the integration step (c);

(g) generating a second distance value which is a function
of the integration step (e);

(h) selecting one of said distance values as the preferred
distance value.

17. The method of claim 16 wherein the ratio value of
currents in step (d) is

Iy
i1 +4

where I, and I, are said first and second current values.
18. The method of claim 16 wherein step (f) further
comprises calculating the square root of the results obtained

- 1n step (c).
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19. The method of claim 16 wherein step (b) further
comprises the step of removing current values from the first
and second current values which represent bias currents
present prior to a generation of a light pulse.

20. The method of claim 16 wherein step (d) further

comprises the step of removing current values from the first
and second current values which represent bias currents

present prior to a generation of a light pulse.

21. The method of claim 16 wherein step (h) further

includes the steps of:

(1) comparing the first distance calculated in step (d)
against a reference value representing a predetermined
distance;

(j) using the first distance value to determine the distance
of the object if the first distance is less than said
reference value.

22. The method of claim 16 wherein step (h) further

includes the steps of:

(i) comparing the first distance calculated in step (d)
against a reference value representing a predetermined
distance;

(j) using the second distance value to determine the
distance of the object if the first distance is greater than
said reference value,

23. The method of claim 21 wherein said reference

distance is ten (10) meters.

24. The method of claim 16 wherein step (h) further

comprises the steps of:

(i) comparing the second distance against a reference
value representing a predetermined distance;

(j) using the second distance to determine the distance of
the object if the second distance is less than the
reference distance.

235. The method of claim 16 wherein step (h) further

comprises the steps of:

(1) comparing the second distance against a reference
value representing a predetermined distance;

(j) using the first distance to determine the distance of the
object if the second distance is greater than the refer-
ence distance.

26. A method for determining the distance of an object
employing a primary semiconductor position detecting
device capable of generating first and second current signals
whose values are a function of object distance responsive to
the position along said device at which light refiected from
the object impinges, comprising the steps of:

(a) determining the luminance of the object;

(b) determining a switching distance based upon the

Juminance of the object;
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(c) sequentially directing a series of light pulses toward
said object, said light pulses being reflected from said
object and impinging upon said position sensing
device;

(d) summing the current signals for ecach light pulse
reflected by said object upon said position sensing
device;

(e) integrating each of said sums;

(f) generating a predetermined ratio value which is based
upon said first and second current values for each light
pulse impinging upon said position sensing device;

(g) integrating said ratio values;

(h) generating a first distance value which is a function of
the integration step (¢e);

(i) generating a second distance value which is a function
of the integration step (g);

(J) selecting one of said distance values as the preferred
distance value based upon said switching distance.
27. The method of claim 26 wherein step (j) further

includes:

(k) comparing the first distance value with the switching
distance value; and

(1) using the first distance as the object distance if the first
distance is greater than the switching distance.
28. The method of claim 26 wherein step (j) further
includes:

(k) comparing the first distance value with the switching
distance value; and

(1) using the second distance as the object distance if the
first distance is less than the switching distance.

29. A method for determining the distance of an object
employing a primary semiconductor position detecting
device capable of generating first and second current signals
whose values are a function of object distance responsive to
the position along said device at which light reflected form
the object impinges, comprising the steps of:

(a) sequentially directing a series of light pulses toward
said object, said light pulses being reflected from said
object and impinging upon said position sensing
device;
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(b) summing the current signals for each light pulse
reflected by said object upon said position sensing

device;

(¢) Integrating each of said sums;

(d) generating a predetermined ratio value which is based
upon said first and second current values for each light
pulse impinging upon said position sensing device;

(¢) integrating said ratio values;

(f) comparing the integrated values obtained at step (¢)
against a reference value representing a predetermined
distance:

(g) generating a first distance value which is a function of
the integration step (¢) if the integrated value obtained
at step (c) is less than the reference value.

30. A method for determining the distance of an object
employing a primary semiconductor position detecting
device capable of generating first and second current signals
whose values are a function of object distance responsive to
the position along said device at which light reflected form
the object impinges, comprising the steps of:

(a) sequentially directing a series of light pulses toward
said object, said light pulses being reflected from said
object and impinging upon said position sensing
device:

(b) summing the cumrent signals for each light pulse
reflected by said object upon said position sensing
device:

(¢) integrating each of said sums;

(d) generating a predetermined ratio value which is based
upon said first and second current values for each light
pulse impinging upon said position sensing device;

(e) integrating said ratio values;

(f) comparing the integrated values obtained at step (c)
against a reference value representing a predetermined
distance;

(g) generating a second distance value which is a function
of the integration step (e¢) if the integrated value
obtained at step (c) is greater than said reference value.
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