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(57) ABSTRACT 
An automatic focus adjusting device comprises a 
charge accumulating type photoelectric conversion 
element array, a circuit for outputting from the output 
of the photoelectric conversion element array a signal 
indicative of the in-focus state of the image of an object 
to be photographed on a film surface, a circuit for modi 
fying the newest detection signal on the basis of at least 
one past detection signal and outputting a modification 
signal, a circuit for selecting one of the detection signal 
and the modification signal in accordance with the 
brightness of the object to be photographed, and a cir 
cuit for driving a picture-taking lens in a direction in 
which the image of the object to be photographed is 
focused on the film surface, on the basis of the signal 
selected by the selecting circuit. 

10 Claims, 15 Drawing Figures 

  



U.S. Patent Mar 19, 1985 Sheet 1 of 5 4,506,150 

FIG. 7 

l, 
With 2 A 

12 PHOTOME 
> TERING 

t- CIRCUIT 

WEIGHT 
SETTING 
CIRCUIT PROGRAMABLEspT 

COUNTER 

PULSE 
GENERATOR 

SELECTION 
CIRCUIT 

-11 

O 

SMOOTHING CIRCUIT 

17 
15 

SELECTION DETECTION 
CIRCUIT DEVICE - 

DRIVE J 
CIRCUIT 

  

  

  

  

  

  

  

  

  
  

  



U.S. Patent Mar. 19, 1985 Sheet 2 of 5 4,506,150 

FIG. 2 
  



4,506,150 Sheet 3 of 5 U.S. Patent Mar. 19, 1985 



4,506,150 Sheet 4 of 5 U.S. Patent Mar. 19, 1985 

  



U.S. Patent Mar 19, 1985 sheets of 5 4,506,150 

  



4,506,150 
1. 

AUTOMATIC FOCUS ADJUSTING DEVICE WITH 
A BRIGHTNESS DEPENDENT LENS DRIVE 

SIGNAL 

BACKGROUND OF THE INVENTION 
1. Field of the Invention 
This invention relates to an automatic focus adjusting 

device of a camera or the like. 
2. Description of the Prior Art 
As a device of this type, there is a distance measuring 

and automatic focus adjusting device which determines 
the object distance by using an array of charge accumu 
lating type photoelectric conversion elements compris 
ing charge coupled devices (hereinafter referred to as 
CCD) disclosed, for example, in U.S. Pat. No. 
4,078,171. 
Two types of the distance measuring and automatic 

focus adjusting device using such type of charge accu 
mulating type photoelectric conversion element array 
are conceivable. A first type is an automatic focus ad 
justing device in which distance measurement is ef 
fected in accordance with the output from the photoe 
lectric conversion element array corresponding to the 
accumulated charge at a point of time whereat the pic 
ture-taking lens of the camera is stopped from moving 
and on the basis thereof, the picture-taking lens is driven 
to the determined distance. A second type is a device 
which uses the output of the charge accumulating type 
photoelectric conversion element array for distance 
measurement during both movement and stoppage of 
the picture-taking lens. 

In these two types of systems, the conformity with 
the conditions of the object to be photographed be 
comes a problem depending on the length of the quanti 
ty-of-light integrating time (charge accumulating time) 
of the photoelectric conversion element array or of the 
response time of the picture-taking lens driving system. 
That is, in the former type, where the brightness of the 
object is low and the quantity-of-light integrating time 
is relatively long, accuracy of the picture-taking lens 
driving and quick response can be expected, but when 
the brightness of the object becomes high and the quan 
tity-of-light integrating time becomes relatively short, 
the picture-taking lens driving system becomes sharply 
responsive to camera vibration (hand vibration) or 
movement of the object and therefore, the stability of 
the picture-taking lens driving becomes poorer. On the 
other hand, in the latter type, when the brightness of the 
object is high, smooth and stable picture-taking lens 
driving can be expected for camera vibration or move 
ment of the object, but when the brightness of the ob 
ject becomes lower, the quantity of light integrating 
time of the photoelectric conversion element array 
becomes relatively long and therefore, the responsive 
ness of the picture-taking lens driving is aggravated (the 
response becomes slower). 

SUMMARY OF THE INVENTION 

It is an object of the present invention to provide an 
automatic focus adjusting device in which good respon 
siveness and stability can be obtained over both the high 
and the low range of the brightness of an object to be 
photographed. 
The present invention comprises a charge accumulat 

ing type photoelectric conversion element array, means 
for putting out from the output of the photoelectric 
conversion element array a signal indicative of the in 
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2 
focus state of the image of an object to be photographed 
on a film surface, means for modifying the newest de 
tection signal on the basis of at least one past detection 
signal and putting out a modification signal, means for 
selecting one of the detection signal and the modifica 
tion signal in accordance with the brightness of the 
object to be photographed, and means for driving a 
picture-taking lens in a direction in which the image of 
the object to be photographed is focused on the film 
surface, on the basis of the signal selected by the select 
ing means. 
The invention will become more fully apparent from 

the following detailed description thereof taken in con 
junction with the accompanying drawings. 
BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram showing an embodiment of 
the present invention. 
FIG. 2 is a graph showing a specific example of the 

weight setting. 
FIG. 3 shows the detection device of FIG. 1. 
FIGS. 4A, 4B, 4C, 4D, 4E, 4-F, 4G, 4H, 4I and 4J are 

time charts illustrating the operation of the embodiment 
of FIG. 1. 

FIG. 5 is a circuit diagram specifically showing the 
motor drive circuit of FIG. 1. 
FIG. 6 is another circuit diagram specifically show 

ing the motor drive circuit of FIG. 1. 
DESCRIPTION OF THE PREFERRED 

EMBODIMENTS 
The invention will hereinafter be described with re 

spect to an embodiment thereof. FIG. 1 is a block dia 
gram showing an embodiment of the camera of the 
present invention which permits interchange of the 
picture-taking lens. A photometering circuit 2 having a 
photodiode 1 produces a photometering output corre 
sponding to the brightness of an object to be photo 
graphed. An A/D converter 3 for charge accumulation 
presetting produces a digital output corresponding to 
the photometering output to a programmable counter 
(hereinafter simply referred to as the counter) 4. A pulse 
generator 5 generates a clock pulse dbc.. CCD distance 
measuring sensors 6 and 6' for receiving the light passed 
through the picture-taking lens have analog shift regis 
ters A1, shift gates A2, photodiode array A3, analog 
switches A4 and output terminals A5. A shift pulse gen 
erator 7 receives a clock pulse as input and applies to 
the CCD distance measuring sensors 6 and 6' shift 
pulses d1 and d2 for transferring to the output terminals 
As the charges accumulated in the photodiode arrays 
A3. A/D converters 8 and 8' A/D-convert the outputs 
of the CCD distance measuring sensors 6 and 6' (the 
outputs of the output terminals As). This A/D-convert 
ing operation is effected in synchronism with the shift 
pulses and with the clock pulse dbc as the reference 
pulse. An arithmetic circuit 9 such as a microcomputer 
or the like receives the outputs of the A/D converters 8 
and 8' as inputs and calculates control information in 
dicative of the infocus position of the picture-taking 
lens. This calculating operation is effected at each 
charge accumulation period of the CCD distance mea 
suring sensors 6 and 6', and when the calculating opera 
tion is terminated, digitalized control information Po 
with a strobe pulse dbsis put out. Since the operations of 
the CCD distance measuring sensors 6 and 6' are the 
same, description of the CCD distance measuring sen 
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sor 6' will hereinafter be omitted. The control informa 
tion Po comprises the data of the amount of movement 
of the picture-taking lens 16 in the direction of the opti 
cal axis relative to the lens position during charge accu 
mulation and the data of the back and forth movement 5 
thereof in the direction of the optical axis, and is repre 
sented by --X, for example. The value X is the data of 
the amount of movement, and the sign - is the data of 
the directions of movement in the direction of the opti 
cal axis. The mathematical analysis of the control infor-10 
mation Po was already accomplished by U.S. Pat. No. 
4,264,810, for example. 
N shift registers SR1-SR are for successively storing 

the control information from the arithmetic circuit 9. 
The control information time-serially put out is pushed 15 
down in the shift registers SR1-SR in accordance with 
the order of outputting thereof. That is, assuming that in 
pieces of control information stored in the shift registers 
SR1-SR are X, X-1,..., X-n-1, and the control 
information becomes new in the order of X-n-1, 
X---2, ..., X, the newest control information X is 
stored in the shift register SR1 and the oldest control 
information X--- is stored in the shift register SRn. A 

20 

smoothing circuit 10 carries out the following calcula 
tion with the outputs X, X-1,..., X-n + 1 of the shift ' 
registers SR1-SR as inputs. That is, when the smooth 
ing (filter) output is Y, the smoothing output Y is given 
by equation (1). 

30 
a -- a2 X-1 + . . . -- an t-n + 1 (1) 

a -- a2 -- . . . -- an 

where a, a2, ..., an are weights. That is, the smoothing 
circuit 10 includes means for multiplying the control is 
information X, X-1,..., X-n + 1 by a1, a2, . . . , an 
respectively, means for taking the sum of the result of 
the multiplication, and means for dividing said sum by 
the sum of weights a, a2, . . . , an: The shift registers 
SR1-SR and the smoothing circuit 10 together consti 
tute a digital filter circuit 11. Hereinafter, the result of 
the calculation of the smoothing circuit will be referred 
to as the filter output P1 and the newest control informa 
tion stored in the shift register SR will be referred to as 
the static output P2. 45 
The output timings of the control information Po of 

the arithmetic circuit 9 and the filter output P of the 
smoothing circuit 10 are in synchronism with each 
other. 
A comparator 12 receives the photometering output 50 

of the photometering circuit 2 and a reference output 
Vth as inputs, and puts out Low (hereinafter referred to 
as L) when the brightness of the object is higher than a 
predetermined value, and puts out High (hereinafter 
referred to as H) when the brightness of the object is 55 
lower than the predetermined value. A first selection 
circuit 13 and a second selection circuit 14 receive the 
output of the comparator 12 as input. The first selection 
circuit 13 puts out a strobe pulse dbs when the output of 
the comparator 12 is L, and puts out a lens drive termi- 60 
nation pulse dbe (the details of which will be described 
later) as a reset pulse dR when the output of the compar 
ator 12 is H. This reset pulse dR is applied to the counter 
4, the pulse generator 5 and the CCD sensor 6. The 
second selection circuit 14 applies the filter output P1 to 65 
a drive circuit 15 when the output of the comparator 12 
is L., and applies the static output P2 to the drive circuit 
15 when the output of the comparator 12 is H. 

4. 
The drive circuit 15 receives as inputs the filter out 

put P1 or the static output P2 from the selection circuit 
14 and the strobe pulse dbs from the arithmetic circuit 9. 
The drive circuit 15 reads in the output from the second 
selection circuit 14 by receiving the strobe pulse dbs as 
input. The picture-taking lens 16 is moved back and 
forth in the direction of the optical axis by a motor M. 
The amount of movement of the lens 16 is monitored by 
a detection device 17. The drive circuit 15 stops driving 
the motor M and applies the lens drive termination 
pulse dbe to the first selection circuit 13 when the 
amount of movement of the lens 16 in the direction of 
the optical axis is in accord with the amount of move 
ment given by the filter output P1 or the static output 
P2. The drive circuit 15, the motor M and the detection 
device 17 together constitute a servo control system for 
the lens 16. A weight setting circuit 18 sets the weights 
al-an of equation (1) with the photometering output and 
the focal length information fmn of the interchangeable 
lens 16 as inputs. The values of the weights are automat 
ically set in accordance with the brightness of the object 
and the focal length of the lens. What should be consid 
ered in that case is that the filter output P1 as the servo 
target must vary smoothly. It is for the purpose of caus 
ing the lens 16 not to effect stiff movement. Therefore, 
it becomes the standard of the setting of the weights 
that (a) when a long focus lens is used, the influence of 
the hand vibration of the camera appears in the distance 
measurement output and the control information Po, but 
when a short focus lens is used, such influence hardly 
appears and that (b) when the brightness of the object is 
high, the charge accumulating time of the CCD dis 
tance measuring sensors 6 and 6' and the output period 
of the control information Po are short, but when the 
brightness of the object is low, they are long. For exam 
ple, the greater is the focal length of the lens and the 
higher is the brightness of the object, the smaller is 
made the number of terms of the weights whose value is 
zero. For example, FIG. 2 shows the settings of the 

40 values of the weights by curves A, B, C, ..., Z. In this 
case, the greater is the focal length of the lens and the 
higher is the brightness of the object, the more are var 
ies the settings of the values of the weights from A to B, 
C, ..., Z. On the other hand, each of the weights a 1-an 
is determined by the equilibrium of the so-called filter 
theory and the actual responsiveness of the servo con 
trol system. 

Operation will hereinafter be described by reference 
to the timing chart of FIG. 4. 
(A) Operation of the CCD distance measuring sensor 6 
and the circuits around it: 
The photometering circuit 2 and the A/D converter 

3 are pre-driven by power resetting. The photometering 
output from the photometering circuit 2 is digitalized 
by the A/D converter 3 and applied to the counter 4. 
The selection circuit 13 puts out an initial reset pulse 
drin response to the depression of a release button to a 
first stroke, and the output of the A/D converter 3 is 
read into the counter 4 upon rising of the reset pulse dbR 
(FIG. 4B). At the same time, the analog switch A4 of 
the CCD distance measuring sensor 6 is opened to cut 
off the connection between the photodiode array A3 
and an unshown CCD substrate. At this time, the shift 
gate A2 also is in OFF state. Accordingly, the photodi 
ode array A3 starts charge accumulation in each of its 
cells. When the reset pulse dbR falls, the counter 4 starts 
to count the clock pulses dc of the pulse generator 5 
(FIG. 4A). When the value of the presetting digital 
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output read into the counter 4 is n, the counter 4 counts 
the clock pulses corresponding to m and applies a trans 
fer pulse dbr to the CCD distance measuring sensor 6 
and the shift pulse generator 7 (FIG. 4C). Therefore, 
the shift gate A2 of the CCD distance measuring sensor 
6 is opened and the charge accumulated in each cell of 
the photodiode array A3 is transferred to the analog 
shift register A1. In response to the transfer pulse dT, 
the shift pulse generator 7 applies to the CCD distance 
measuring sensor 6 d shown in FIG. 4D which is a 
two-phase shift pulse and d2 shown in FIG. 4E. By the 
action of the shift pulses d1 and d2, the analog shift 
register Al shifts the accumulated charges successively 
to the output terminal A5. In the present embodiment, 
db1 and d2 are two-phase shift pulses, but alternatively, 
they may be three-phase or four-phase shift pulses. The 
A/D converter 8 converts the distance measurement 
outputs from the output terminal As successively into 
digital outputs in synchronism with the shift pulses di 
and d2 (FIG. 4F). When the shifting operation of the 
analog shift register A1 is terminated, the shift gate A2 
becomes closed and the analog switch A4 becomes 
closed. Thereby, each cell of the photodiode array A3 is 
connected to the substrate (the C-MOS capacitor of 
each cell is short-circuited) with a result that charge 
accumulation is impeded. As is apparent from the fore 
going description, the charge accumulating time of the 
photodiode array A3 is determined by the digital output 
preset in the counter 4 (which corresponds to the 
brightness of the object). This will hereinafter be re 
ferred to as AGC (auto gate control) operation for the 
CCD distance measuring sensor 6. For example, when 
the brightness of the object is low, the value of m be 
comes greater to lengthen the charge accumulating 
time, and when the brightness of the object is high, the 
value of m becomes smaller to shorten the charge accu 
mulating time. By this, the level of the distance mea 
surement output is maintained constant. Now, the A/D- 
converted distance measurement output is read into the 
arithmetic circuit 9, which calculates control informa 
tion Po on the basis thereof. This calculating time is a 
predetermined time as shown in FIG. 4G. When this 
calculation is terminated, the arithmetic circuit 9 inputs 
a strobe pulse dbs shown in FIG. 4H to the selection 
circuit 13 and the drive circuit 15 and also inputs the 
control information Po to the shift register SR 1. 
The above-described operation is repeated each time 

the reset pulse dR is generated, and the control informa 
tion Po each time is pushed down into the shift registers 
SR1-SR. 
The operation of the entire circuit will now be de 

scribed with respect to the time when the brightness of 
the object is high above a predetermined value and the 
time when the brightness of the object is low below the 
predetermined value. 
(B) When the brightness of the object is high: 

Since the comparator 12 puts out L, the first selection 
circuit 13 selects the strobe pulse dbs as the reset pulse 
dbR and the second selection circuit 14 selects the filter 
output P1. Therefore, the drive circuit 15 moves the 
lens 16 back and forth in the direction of the optical axis 
through the motor M with the filter output P1 as the 
servo target. On the other hand, when the strobe pulse 
ds is used as the reset pulse, the CCD distance measur 
ing sensor 6 starts charge accumulation upon generation 
of the strobe pulse dsirrespective of whether the lens 16 
is being moved back and forth. That is, independently 
of the response of the servo control system, charge 
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accumulation, control information calculation and fil 
tering are effected to change the servo target (the filter 
output P is read into the drive circuit 15 in synchronism 
with the strobe pulse dbs). Thus, the lens 16 is moved 
back and forth smoothly. When the brightness is high, 
the charge accumulating time and the control informa 
tion calculating time are short relative to the period of 
the hand vibration of the camera and the movement of 
the object and therefore, the control information Po 
which is the output of the arithmetic circuit 9 becomes 
information which has sharply followed the hand vibra 
tion and the movement of the object (hereinafter gener 
ally referred to as the fluctuation of the object), while 
the filter output P which is the output of the filter 
circuit 11 becomes information which has smoothly 
followed the fluctuation of the object. 
(C) When the brightness is low: 

Since the comparator 12 puts out H, the first selection 
circuit 13 selects the lens drive termination pulse dbe as 
the reset pulse db R and the second selection circuit 14 
selects the static output P2. Therefore, the drive circuit 
15 drives the motor M with the static output P2 as the 
servo target. When the lens 16 is moved back and forth 
to a target value, the drive circuit 15 puts out the lens 
drive termination pulse dbe (FIG. 4I). On the other 
hand, when the lens drive termination pulse dE is put 
out, the CCD distance measuring sensor 6 starts charge 
accumulation. The lens 16 is moved by repetition of the 
above-described operation. That is, the operations of 
the CCD distance measuring sensors 6, 6', the A/D 
converters 8, 8' and the arithmetic circuit 9 are effected 
when the lens 16 is stopped, and the control information 
Po put out from the arithmetic circuit 9 is read into the 
drive circuit 15 in response to the generation of the 
strobe pulse dbS, and the lens 16 is moved in accordance 
with the control information Po. 

It is for the reason set forth below that such operation 
takes place when the brightness is low. When the 
brightness is low, the charge accumulating time be 
comes longer due to the AGC operation and therefore, 
the distance measurement output does not sharply fol 
low the then fluctuation of the object. That is, the dis 
tance measurement output corresponds to the value 
obtained by integrating the intensity of light of the ob 

45 ject by the charge accumulating time, i.e., the average 
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value of the quantity of light within the charge accumu 
lating time. Therefore, if the filter output P1 when the 
brightness is below the servo target, the distance measure 
ment output cannot follow the fluctuation of the object. 
Therefore, the newest control information in the shift 
register SR 1, i.e., the static output P2 as the servo target, 
is caused to follow the fluctuation of the object, 
Now, the above-described operations (A), (B) and 

(C) are executed, for example, during the depression of 
the release button of a single lens reflex camera to a first 
stroke. When the release button is depressed to a second 
stroke after termination of the servo control of the lens, 
shutter release is effected. 

While, in the above-described embodiment, the static 
output P2 is taken out from the shift register SR1, it may 
be taken out from the shift register SR2. That is, the 
newest control information can be selected in a range 
which does not hinder the servo control of the lens. 
Likewise, the filter output P1 and the static output P2 are 
automatically selected by the output of the comparator 
12, but alternatively, they may be manually selected. 
For that purpose, whether the filter output P1 or the 
static output P2 should be selected by the output of the 
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comparator 12 is displayed and, on the basis thereof, the 
photographer selects one output by means of a manu 
ally operated member. At this time, in the first selection 
circuit 13, whether the strobe pulse dbs or the lens drive 
termination pulse dbe is to be selected as the reset pulse 
dbR is also operatively associated therewith. Also, in the 
above-described embodiment, servo control is effected, 
but if the lens drive by a pulse motor is effected, the 
feedback loop can be made unnecessary (open loop 
control). 
FIG. 3 shows a specific example of the detection 

device 17 of FIG. 1. A chart plate 21 in which high 
reflecting portions and low reflecting portions are pro 
vided alternately is provided on the rotary shaft of the 
motor M. When a light-emitting diode 22 and a photo 
transistor 23 are connected through the chart plate 21, a 
pulse output proportional to the number of revolutions 
of the chart plate 21 is obtained at a terminal 24. If this 
pulse output is counted, the amount of movement of the 
lens 16 can be detected. 
FIG. 5 shows an embodiment of a part of the drive 

circuit 15 of FIG. 1. In FIG. 5, the filter output P1 and 
the static output P2 comprise a lens movement amount 
signal Sig-1 of 4-bit binary code representative of the 
movement amount data X of the lens 16 in the direction 
of the optical axis and a lens movement direction signal 
Sig-2 representative of the data (-) of the direction of 
movement of the lens 16. The lens control direction 
signal Sig-2, for example, stands a flag of H when the 
lens 16 is moved forward relative to the object, and 
stands a flag of L when the lens 16 is moved backward 
relative to the object. 
Now, the lens movement amount signal Sig-1 is ap 

plied as the parallel input of a D latch circuit D1 and the 
lens movement direction signal Sig-2 is applied as the 
parallel input of a D latch circuit D2. The strobe pulse 
dbs from the arithmetic circuit 9 is applied to input termi 
nais31 and 36, the input terminal 31 being connected to 
the D latch circuits D1 and D2 and the strobe input 
terminal of a monostable multivibrator (hereinafter 
simply referred to the multivibrator) MB1, and the 
input terminal 36 being connected to the input terminal 
of a NOR gate G15. The D latch circuits D1 and D2 
latch the signals Sig-1 and Sig-2, respectively, upon 
rising of the strobe pulse dbs. The multivibrator MB1 
generates a clear pulse at its Q output terminal upon 
rising of the strobe pulse dbs. This clear pulse is applied 
to the clear terminals of binary counters BC1 and BC2. 
The amount of movement of the lens 16 is detected by 
counting the pulse output Sig-3 of the phototransistor 
23 of FIG. 3 by the counter BC2. The output of the 
counter BC2 is applied to the counter BC1 through an 
AND gate G1. At this time, the counter BC2 frequen 
cy-divides the pulse output Sig-3, and this is standard 
ized so that the count value of the counter BC2 con 
forms to the latch output of the D latch circuit D1. The 
frequency-division ratio is determined by the gear ratio 
or the like of the gear train between the lens 16 and the 
motor M. Exclusive OR gates G2-G5 and an OR gate 
Gó together constitute a coincidence circuit and, when 
the parallel outputs (latch outputs) Q1-Q4 of the D latch 
circuit D are coincident with the parallel outputs 
Q1-Q4 of the counter BC1, the OR gate G6 puts out L, 
and when the parallel outputs Q1-Q4 of the D latch 
circuit D are not coincident with the parallel outputs 
Q1-Q4 of the counter BC1, the OR gate G6 puts out H. 
The D latch circuit D2 puts out Q=L and Q= H 

when the lens 16 is moved backward, and puts out 

5 

10 

8 
Q=H and Q=L when the lens 16 is moved forward. 
The Q and Q outputs of the D latch circuit D2 provide 
one input of AND gates G8 and G9. 
Terminal 32 assumes H during the depression of the 

release button to the first stroke, and assumes L during 
the depression of the release button to the second stroke 
and during focus lock. An AND gate G7 receives the 
output of the OR gate G6 and the output of the terminal 
32 as inputs. The output of the OR gate G6 provides the 
input of the AND gate G1. The output of the AND gate 
G7 provides the other inputs of the AND gates Gg and 
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G9. The outputs of the AND gates G8 and G9 are ap 
plied to terminals 33 and 34, respectively. The terminals 
33 and 34 are connected to an unshown circuit for con 
trolling the drive and the direction of rotation of the 
motor M. This unshown circuit can be constituted, for 
example, by the motor control device, etc. disclosed in 
U.S. Pat. No. 4,319,171. 
An oscillation circuit comprising inverters G10 and 

G11, a binary counter BC3 and a flip-flop comprising 
NOR gates G14 and G15 together constitute a timer 
circuit. The counter BC3 generates a timer pulse when 
it counts up. An OR gate G12 receives this timer pulse 
and the output of the AND gate G7 as inputs. A multivi 
brator MB2 receives the output of the OR gate G12 as 
trigger input, and the Q output thereof is applied as the 
lens drive termination pulse dbe to the input terminal of 
the NOR gate G14 of the flip-flop and to a terminal 35. 
The terminal 35 is connected to the previously men 
tioned unshown circuit for controlling the drive and the 
direction of rotation of the motor M. Operation will 
hereinafter be described briefly. 

Let it be assumed that the parallel outputs of the D 
latch circuit D and the counter BC have become 
coincident and the motor drive has been terminated. In 
this state, when the strobe pulse dbS is applied from the 
arithmetic circuit 9 to the terminal 31, the D latch cir 
cuits D1 and D2 latch the lens movement amount signal 
Sig-1 and the lens movement direction signal Sig-2, 
respectively. At the same time, the multivibrator MB1 
generates a clear pulse and therefore, the counters BC1 
and BC2 are cleared. Thereupon, the output of the 
coincidence circuit (the output of the OR gate G6) 
becomes H (when the movement of the lens is not nec 
essary, the output of the coincidence circuit remains L). 
Thereupon, the AND gate G7 puts out H to open the 
gates of the AND gates G1, G8 and Gg. Therefore, the 
Q and Q outputs of the D latch circuit D2 are applied to 
terminals 34 and 33, respectively, through the AND 
gates G8 and G9. On the basis of the flags of the termi 
nals 33 and 34, the motor M is supplied with power so 
as to move the lens 16 forward or backward. At this 
time, the revolutions of the motor M, namely, the 
amount of movement of the lens 16, is counted by the 
counter BC1 through the counter BC2 and AND gate 
G1. When the count value, namely, the parallel output, 
of the counter BC1 becomes coincident with the paral 
lel output of the D latch circuit D1, the OR gate G6 puts 
out L. Therefore, the output of the AND gate G7 is 
inverted from H to L and thus, the gates of the AND 
gates G1, G8 and G9 are closed and the supply of power 
to the motor M is stopped. At the same time, the output 
of the OR gate G12 is inverted from H to L and there 
fore, the multivibrator MB2 generates the lens drive 
termination pulse d'E at its Q output terminal for a pre 
determined time. The rotation of the motor M is 
stopped by this lens drive termination pulse dbe. 
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The operation of the timer circuit will now be de 
scribed by reference to FIG. 4.J. FIG. 4J shows the 
output of a flip-flop comprising NOR gates G14 and 
G15. The flip-flop comprising NOR gates G4 and G15 
renders the output to the clear terminal of counter BC3 
L in response to the rising of the strobe pulse dbs input 
from the terminal 6. By this, the counter BC3 starts to 
count the pulses from the oscillation circuit. When a 
predetermined time exceeding the time required for the 
movement of the lens 16 from the very short distance 
position to the infinity position is counted, the counter 
BC3 applies a timer pulse to the OR gate G12. The 
multivibrator MB2 is triggered by the falling of this 
timer pulse and puts out the lens drive termination pulse 
dE. The flip-flop renders the output to the clear termi 
nal of the counter BC3H upon rising of the lens drive 
termination pulse dbe. The counter BC3 is reset thereby 
and stops counting the pulses from the oscillation cir 
cuit. That is, the multivibrator MB2 is designed to be 
triggered by the inversion of the AND gate G7 from H 
to L and the falling of the timer pulse. The operation of 
this timer circuit will become clear if it is associated 
with the operation of the embodiment of FIG. 1. That 
is, in the embodiment of FIG. 1, the strobe pulse dbs is 
used as the reset pulse dR when the brightness is high, 
and the lens drive termination pulse db E is used as the 
reset pulse dR when the brightness is low. That is, when 
the brightness is high, charge accumulation is initiated 
by the strobe pulse dbS, and when the brightness is low, 
charge accumulation is initiated by the lens drive termi 
nation pulse dbe. However, if, in the case of low bright 
ness, the in-focus state continues during the period from 
after the lens drive termination pulse has been put out 
until the CCD distance measuring sensor 6 starts charge 
accumulation and puts out a signal to the A/D con 
verter 8, the multivibrator MB2 is not triggered by the 
output of the AND gate G7 because the output of the 
OR gate G6 remains L. Therefore, it is necessary that 
the multivibrator MB2 be triggered by the timer output 
to thereby forcibly cause the lens drive termination 
pulse dbe to be generated. If this is done, the control 
information Po can be calculated by the second charge 
accumulation and thus, the lens 16 will be controlled 
more accurately. 
FIG. 6 shows another embodiment of a part of the 

drive circuit 15. In this embodiment, the D latch circuits 
D1 and D2 and the multivibrator MB1 are strobed by the 
output of an OR gate G13 which receives the output of 
the OR gate G6 and the strobe pulse dbs as inputs. The 
output of the OR gate G6 puts out L when the parallel 
outputs of the D latch circuit D and counter BC1 are 
coincident, and puts out H when said parallel outputs 
are not coincident, and therefore, when the output of 
the OR gate G6 is H (that is, when the lens 16 is being 
servo-controlled), the D latch circuits D1 and D2 and 
multivibrator MB1 are not strobed even if the storbe 
pulse dbsis applied. The D latch circuits D1 and D2 and 
multivibrator MB1 are strobed only by the strobe pulse 
dbs after the servo-control of the lens 16 has been termi 
nated, that is, after the output of the OR gate G6 has 
been inverted to L. Accordingly, in this example of the 
circuit, the following characteristic is provided to the 
operation of the first embodiment when the brightness 
is high. That is, during the servo-control of the lens 16, 
the filter output P1 from the second selection circuit 14 
is not read in, but is read in after the servo-control has 
been terminated. On the other hand, the CCD distance 
measuring sensor 6, the arithmetic circuit 9 and the 
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10 
filter circuit 11 successively operate in association with 
the strobe pulse dbs. 
Even in such an operation, smooth movement of the 

lens can be expected when the brightness of the object 
is high. 

I claim: 
1. An automatic focus adjusting device including: 
(a) an optical system for forming the image of an 

object to be photographed on a predetermined 
plane; 

(b) photoelectric converting means including a plu 
rality of photoelectric elements for accumulating 
therein a charge corresponding to the quantity of 
light from said object, said photoelectric convert 
ing means being capable of producing with lapse of 
time an output indicative of the state of the image 
of said object on said predetermined plane; 

(c) means for controlling the charge accumulating 
time of said photoelectric elements in accordance 
with the brightness of said object; 

(d) position detecting means for detecting the posi 
tional relation between the image of said object and 
said predetermined plane in accordance with the 
output of said photoelectric converting means and 
producing a position signal indicative of said posi 
tional relation each time said photoelectric con 
verting means produces an output; 

(e) filter means for receiving said position signal as 
input, modifying the newest position signal of said 
input position signal on the basis of at least one past 
position signal and putting out a filter signal; 

(f) brightness detecting means for detecting the 
brightness of said object and putting out a bright 
ness signal when the brightness of said object is 
lower than a predetermined value; 

(g) selecting means for selecting and putting out one 
of said position signal and said filter signal in accor 
dance with said brightness signal; and 

(h) means for driving said optical system in a direc 
tion in which the image of said object is formed on 
said predetermined plane, in accordance with the 
output of said selecting means. 

2. An automatic focus adjusting device according to 
claim 1, wherein said selecting means selects said filter 
signal when the brightness of said object is higher than 
said predetermined value, and selects said position sig 
nal when the brightness of said object is lower than said 
predetermined value. 

3. An automatic focus adjusting device according to 
claim 2, wherein said filter means includes means capa 
ble of storing therein a predetermined number of said 
position signals successively, and modifying means for 
multiplying each of said stored position signals by any 
weight and taking the sum thereof and outputting it as 
said filter signals. 

4. An automatic focus adjusting device according to 
claim 3, further including means for setting the value of 
each of said weights in accordance with the focal length 
of said optical system. 

5. An automatic focus adjusting device according to 
claim 3, further including means for setting the value of 

65 

each of said weights in accordance with the brightness 
of said object. 

6. An automatic focus adjusting device according to 
claim 3, wherein said selecting means receives as input 
one of the position signals stored in said storing means. 

7. An automatic focus adjusting device according to 
claim 1, wherein said driving means includes timer 
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means for initiating the charge accumulation of said 
photoelectric elements in a predetermined period after 
the driving of said optical system has been terminated. 

8. An automatic focus adjusting device including: 
(a) an optical system for forming the image of an 

object to be photographed on a predetermined 
plane; 

(b) photoelectric converting means including a plu 
rality of photoelectric elements for accumulating 
therein a charge corresponding to the quantity of 
light from said object, said photoelectric convert 
ing means being capable of producing with lapse of 
time an output indicative of the state of the image 
of said object on said predetermined plane; 

(c) means for controlling the charge accumulating 
time of said photoelectric elements in accordance 
with the brightness of said object; 

(d) position detecting means for detecting the posi 
tional relation between the image of said object and 
said predetermined plane in accordance with the 
output of said photoelectric converting means and 
producing a position signal indicative of said posi 
tional relation each time said photoelectric con 
verting means produces an output; 

(e) filter means for receiving said position signal as 
input, modifying the newest position signal of said 
input position signal on the basis of at least one past 
position signal and putting out a filter signal; 

(f) brightness detecting means for detecting the 
brightness of said object and putting out a bright 
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ness signal when the brightness of said object is 
lower than a predetermined value; 

(g) first selecting means for selecting and putting out 
one of said position signal and said filter signal in 
accordance with said brightness signal; 

(h) means for driving said optical system in a direc 
tion in which the image of said object is formed on 
said predetermined plane, in accordance with the 
output of said selecting means; 

(i) means for putting out a first initiation signal for 
initiating the charge accumulation of said photoe 
lectric elements in response to the outputting of 
said position detection signal of said position de 
tecting means; 

(j) means for putting out a second initiation signal for 
initiating the charge accumulation of said photoe 
lectric elements in response to the formation of the 
image of said object on said predetermined plane; 
and 

(k) second selecting means for receiving said first and 
second initiation signals as inputs and selecting and 
putting out one of said first and second initiation 
signals in accordance with said brightness signal. 

9. An automatic focus adjusting device according to 
claim 8, wherein said means for putting out the second 
initiation signal includes timer means capable of putting 
out said second initiation signal in a predetermined 
period after said first initiation signal has been put out. 

10. An automatic focus adjusting device according to 
claim 9, wherein said predetermined period is longer 
than the time required for said driving means to termi 
nate the driving of said optical system. 

k k : six 


