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[57] ABSTRACT 

An object distance detecting apparatus having a light pro 
jecting device for projecting a pulse light toward an object 
to be photographed and a primary semiconductor position 
detecting device for receiving the re?ected light from the 
object by this light projecting device and outputting a ?rst 
current value and second current value corresponding to the 
object distance~ comprising: a ?rst integrating circuit for 
integrating a predetermined number of times the added value 
of the above-mentioned ?rst current value and second cur 
rent value, a second integrating circuit for integrating a 
predetermined number of times the ratio operating value of 
the above-mentioned both current values. a ?rst calculating 
device for calculating the object distance on the basis of the 
square of the output of the above-mentioned ?rst integrating 
circuit and a second calculating device for calculating the 
object distance on the basis of the output of the above 
mentioned second integrating circuit so that, when the 
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 de?nite 
distance value but, when the output of the ?rst calculating 
device shows a distance farther than the predetermined 
value, the output of the above-mentioned ?rst calculating 
device will be made a de?nite distance value. 

30 Claims, 15 Drawing Sheets 
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OBJECT DISTANCE DETECTING 
APPARATUS 

Matter enclosed in heavy brackets [ ] appears in the 
original patent but forms no part of this reissue speci? 
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 
is projected onto an object to be photographed and the object 
distance is detected on the basis of the re?ected 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 re?ected 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 father the 
object distance, the smaller the size of the re?ected light. the 
AF operation will become inaccurate due to the deterioration 
of the SIN 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 in?nitely far as a scenery 
in which no re?ected 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 
measurernent of the distance. 

Therefore, there is already suggested a means whereby, 
though likely to be in?uenced by the re?ection factor of the 
object to be photographed, the light amount, that is, the 
intensity of the total re?ection light entering a light receiving 
means is made a signal and is compared with a reference 
voltage to judge the in?nitely far distance (See the publica 
tions of Japanese Patent Applications Laid Open Nos. 
22821211984 and 24480711985). 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 re?ected 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 ]RED 1 will 
be condensed by a light projecting lens 2 and will be radiated 
toward an object 3 to be imaged and its re?ected light will 
be made by a light receiving lens 4 to form an image on a 
well known position sensitive device (abbreviated as PSD 
hereinafter) 5. As a result, in this PSD 5, light currents I1 and 
I2 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 [RED 1 through an lRED driving transis 
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2 
tor 1A and will feed a CPU 7 with distance measuring data 
based on the light currents I1 and I2 from the above 
mentioned PSD 5. 
On the other hand, a light receiving device 8 for control 

ling the exposure (abbreviated as E hereinafter) converting 
the brightness of the, object to an electric signal is combined 
with an IC 9 for E 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 ?lm 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 re?ected 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 fo. the 
object distance 1 will be given by 

l=s-fu/x . (1) 

The light currents I1 and I2 generated in the PSD 5 by the 
re?ected light of the object by the [RED 1 are proportional 
to the re?ected light intensity but the light current 11/12 is 
determined by only the entering light position it without 
depending on the re?ected light intensity. If the total length 
of the PSD 5 is represented by t, 

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

will be made. Therefore, if the light current 11/12 of the PSD 
5 is determined, the object distance 1 will be readily deter 
mined. 

If the above mentioned formula (2) is modi?ed, 

will be made and, in a near distance in which the light 
currents I1 and I2 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, 

(3) 

However. in a far distance. the light currents I, and I2 of 
the PSD 5 will become smaller. the noise components INl 
and IN2 will relatively increase and therefore the above 
mentioned formula (4) will have to be rewritten to be as in 
the following formula (5): 

(5) 

When the above-mentioned formula (4) is made a theo 
retical value, the error AM of III determined by this formula 
(5) will be the formula (5)—formula (4). that is. 
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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 
di?icult to reduce the error to zero. 
On the other hand. though di?erent from the triangular 

distance measurement. the distance may be measured by 
using the sum of the signal light currents I1 and I2 of the PSD 
5. 

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 I1/(I1+I2) 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 I1 and I2 from the PSD 5 

are input respectively into the ampli?ers 12 and 13 of low 
input irnpedances. have the DC current component based on 
the constant light separated and are then ampli?ed. The 
respective outputs are input into the operating circuit 15 and 
adding circuit 16. The adding circuit 16 adds the light 
currents I1 and I2 and the output I1+I2 is fed to one input 
terminal of the comparator 18. Acomparing signal Irqoutput 
from a comparing signal generating circuit 17 is fed to the 
other input terminal of the comparator 18. 
The operating circuit 15 operates I1l(I1+I2) corresponding 

to the ratio of the light currents I1 and I2 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 lmfare fed also to the subtracting circuit 23 
which generates a signal I,d—(I1+I2) corresponding to the 
intensity of the re?ected 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 is controlled by the 

output of the comparator l8 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 I1+I2 and In’). 

Here. in case I1+I2 is larger than I the object will be at 
a near distance and the S/N ratio of the light currents I1 and 
I2 will be able to be judged to be good but. on the contrary. 
in case I1+I2 is smaller than In’. the object will be at a far 
distance and the precision of the operating circuit 15 will be 
judged to be di?icult to secure and, at this time. the switch 
19 will be switched olf and the switch 22 will be switched 
on so that the output I,4-(I1+I2) 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. 
291111/1989 has defects that. as two distance measuring 
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means are switched over to one or the other by the value of 
11+]? 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,4—(I1+I2) is made in 
the far distance side operation. it has been di?icult to 
measure the distance at a high precision on the far distance 
side. 

SUlVIMARY OF THE INVENTION 

A ?rst 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 othm', in order to eliminate the above-mentioned 
conventional defects. the noise cancelling e?ect by an 
integration is 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 lumi 
nance so that the distance measurement based on a triangular 
distance measuring method and the distance measurement 
based on the intensity of the re?ected 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 l/hm. 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 simultaneously 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 re?ection 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 each 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 ?rst embodiment of the 
present invention. 

FIG. 2 is a concrete electric circuit diagram of the object 
distance detecting apparatus of the ?rst 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. 4A is a ?ow chart showing the operation of the object 
distance detecting apparatus in FIG. 2.. 

FIG. 4B is a ?ow chart showing the operation of a 
modi?cation of the object distance detecting apparatus of the 
above-mentioned ?rst embodiment. 

FIGS. 5A to 5C 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 ?ow chart of the switching operation in the 
object distance detecting apparatus of the above-mentioned 
second embodiment. 

FIG. 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 ?ow chart of the switching operation in the 
object distance detecting apparatus of the third embodiment 
of the present invention. 

FIGS. 15 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 ?rst 
embodiment of the present invention shown in FIG. 1, an 
IRED 1. [RED driver 1A, PSD 5, light projecting lens 1, 
light receiving lens 4. operation controlling circuit 7 formed 
of a CPU and ampli?ers 12 and 13 are formed the same as 
in the conventional apparatus shown in FIGS. 17 and 18. 
The light currents I1 and IQ of the above-mentioned PSD 

5 are separated into DC current components, caused by 
constant lights. by constant light removing circuits 1229 and 
130 including respectively preampli?ers 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 ?rst cln'rent I1 and second current I2 added 
by the adding circuit 16 is input into a ?rst 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 I1 and I2 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 I1 and I2 output 
by receiving the re?ected light are cancelled every time and 
the integrating effect is developed. 

Then. the outputs of the ?rst integrating circuit 30 and 
second integrating circuit 31 are input into the operation 
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controlling circuit 7 consisting of the CPU. This operation 
controlling circuit 7 has a ?rst calculating circuit 7A of a ?rst 
calculating means for calculating the object distance on the 
basis of the square root of the output of the above-mentioned 
?rst 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 ?rst calculating circuit 7A 
shows a distance nearer than a predetermined distance value 
lcH as a reference value input from the memorizing means 
24, the output of the above-mentioned second calculating 
means 7B will be a de?nite distance value 1 and. in case the 
output of the ?rst calculating circuit 7A shows a distance 
farther than the above-mentioned reference value 1c”. the 
output of this ?rst calculating means will be output as the 
de?nite distance value 1. 

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

FIG. 2 shows a concrete electric circuit of the object 
distance detecting apparatus of the ?rst 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 I1 and I2 generated in the PSD 5 are ampli?ed 
respectively by the ampli?ers l2 and 13 and are respectively 
led to the adding circuit 16 and ratio operating circuit 15 are 
formed respectively exactly the same and therefore only the 
circuit system of one light current I1 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 arti?cial illuminating light. not 
only the signal light but also the constant light thereby will 
enter the PSD 5 which will output a constant light current I0 
thereby. In the AF operation, this constant light current IO 
must be removed and only the signal light currents I1 and I2 
by the lRED 1 (See FIG. 1) must be distinguished and taken 
out. 

Therefore, this constant light current removing operation 
shall be ?rst explained. As the component of the constant 
light current IO will not fundamentally vary between when 
the IRED is not emitting light and when it is emitting light, 
this constant light current I0 and the signal ligrt currents I1 
and I2 can be discriminated from each other by judging the 
varying part to be the signal light currents I1 and I2. Before 
the [RED 1 emits light (FIG. 1). the constant light current Io 
will be delivered to the ampli?er 12 (13) by the low 
impedance and will be ampli?ed by a transistor 40 (51). This 
ampli?ed current ?ows into a compressing diode 46 (9) by 
current mirror circuits 41 and 43 (52 and 54). However. 
when the potential of the compressing diode 46 (57) 
becomes higher by the in?ow of the above-mentioned 
current Io at this time. a holding ampli?er 48 (59) will 
operate to control the base potential of a transistor 50 (61) 
and to abandon the above-mentioned constant light current 
ID to the GND. 

That is to say. as the voltage of the compressing diode 46 
(5'7) biased by the constant current IDB of the constant 
current source 45 (S6) is applied to thet-side input end of the 
above-mentioned holding ampli?er 48 (59) and the voltage 
of the compressing diode 69 biased by the same constant 
current ID, by the constant current source 68 is applied to 
the-side input end respectively through back ampli?ers 47 
(58) and 67, so long as the holding ampli?er 48 (59) is 
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functioning. the current by the constant light current ID will 
not ?ow into the compressing diode 46 (57). That is to say, 
in the line indicated by the arrow X. there is no ?ow of the 
current and this circuit is stable. 
Then, in case the IRED 1 emits light, the constant light 

current Io plus the signal light current I 1 (12) will be input 
into the preampli?er 12 (13). At this time. the holding 
ampli?er 48 (59) will be o?‘ as synchronized with the light 
emission of the RED 1 and therefore, on the basis of the 
potential memorized by the holding condenser 49 (60), the 
constant light current ID will be abandoned to the GND 
through the transistor 50 (61) but only the signal light 
current I1 (1,) will be ampli?ed by the transistor 40 (51) and 
will ?ow into the compressing diode 46 (57) through the 
current mirrors 41 and 43 (52 and 54). At this time. the same 
as in the holding ampli?er 48 (59). the constant current 
source 45 (56) will be switched off by a bias cutting signal 
I?’0 output from the timing circuit 33 to the line shown by the 
reference symbol B0 in the diagram and therefore a com 
pressed voltage will be produced by only the signal light 
current I1 in the compressing diode 46. In the same manner, 
the signal light current I2 will also have the constant light 
current IO removed and will ?ow into the compressing diode 
57. 
These compressed voltages VA 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 ampli?es 47 and 58. A second 
integrating circuit 31 is formed of an integrating condenser 
65 and resetting cirurit 66. 

In this ratio operating circuit 15. when the constant 
current source 64 is switched on as synchronized with the 
light emission of the RED 1, the integrated current I,” will 
satisfy the relation of 

and therefore. in the integrating condenser, a voltage signal 
of 

ll 1 (a) 
vmq'rmr ‘We 

will be generated. 
Here. n represents a number of times of the light emission 

of the ]RED 1; 
Id) 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 RED 1. the above 

rnentioned resetting circuit 66 will operate to keep the 
potential of the integrating condenser 65 in the state 
and to make the integrated voltage V,NT-—<I). 
The VmTin the above mentioned formula (8) is read out 

by the AID conversion by the operation controlling circuit 
(CPU) 7 but. as the formula (9) 

(9) r r 
T =TF ( 

holds good from the above mentioned formulae (4) and (8), 
the distance information 1 will be determined from V ,m. 
The above is a description of the operation of calculating 

the distance information by the ratio operation in this 
embodiment. 
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In the following, the operation of integrating the added 

value of the light currents I1 and I2, that is, the light amount 
shall be described. In the same manner as in the ratio 
operation. the ampli?ed signal light currents I1 and I2 are led 
to the adding circuit 16 by the current mirror circuits 41, 42, 
52 and 53. 

Here, in the transistors 42 and 53 forming the above 
mentioned current mirror circuits, a bias current is con 
stantly ?owed also to the above-mentioned signal light 
currents I1 and 12. because, unless biased, the above 
mentioned transistors 40, 41, 42 and 43 (51, 52. 53 and 54) 
will detmiorate in the response. They are respectively biased 
by the constant current I” ?owed by the constant current 
source 44 (55) where the current of the line X is made CD by 
the above described constant light removing operation. 

Therefore, in the light amount integrating circuit, the bias 
by this constant current In is removed and only the signal 
light currents I1 and I2 are integrated. That is to say, the 
currents ?owing in from the transistors 42 and 53 before the 
light emission of the IRED 1 are removed and only the 
currents I1+I2 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 ]RED 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 ampli?er 76, because, if the current tends to ?ow to 
the resistance 75, the voltage drop will be detected by the 
holding ampli?er 76 and the transistor 78 will be controlled. 
That is to say, in such case, if the current tends to ?ow in the 
direction indicated by the arrow (a), the potential at the+side 
input end of the holding ampli?er 76 will rise and the 
transistor 78 will increase the collector current to suppress 
the flow in the direction (a). 0n the contrary. if the current 
tends to ?ow in the direction of the arrow (b), the potential 
at the-side input end of the holding ampli?er will rise and 
the transistor 78 will decrease the collector current to 
suppress the ?ow in the direction (b). 

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

Then. if the IRED l 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 I1 and I2 will be led into the ?rst 
integrating circuit 30 through the course in the direction of 
the arrow (c). This ?rst integrating circuit 30 is formed of a 
light amount integrating circuit consisting of an integrating 
ampli?er 79 and integrating condenser 80 and integrates the 
added value of the above-mentioned signal light currents Il 
and I2. 

In this integration, if the current ampli?cation rate of the 
above mentioned amplifying transistors 40 and 51 is repre 
sented by B, the output voltage VP,” of the integrating 
ampli?er 79 will be 

vpm_ nan, + 12): _ Bar; (10) 
'T - T 

wherein the above mentioned CP represents the capacity 
of the integrating condenser 80. The same as in the above 
















