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{571 ABSTRACT

A lens device in an automatic focusing camera is oper-
able to effect a first characterization of the light pass-
ing through one half of the lens device, and a second
characterization of the light passing through the sec-
ond half of the lens device. A sensor device includes
first and second sensor arrays, each comprising a plu-
rality of discrete light responsive elements. The sensor
arrays are so arranged behind the lens device that the
first sensor array receives only the light of the first
characterization and the second sensor array receives
only the light of the second characterization. Each
light responsive element of the first sensor array has a
corresponding light responsive element in the second
sensor array which is vertically displaced therefrom. A
signal conditioning circuit, connected to the light re-
sponsive elements of the first and second sensor ar-
rays, responds to the differences between the signals
generated by corresponding light responsive elements
of the first and second sensor arrays to provide an out-
put signal representative of the degree of similarity of
the images projected upon the light responsive ele-
ments as the lens device is moved with respect to the
sensor device. The output signal from the signal condi-
tioning circuit is applied to a detector circuit. The de-
tector circuit is connected to a control circuit which
stops the movement of the lens device at the focus po-
sition.

15 Claims, 18 Drawing Figures
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FOCUS DETECTING APPARATUS

CROSS REFERENCES TO RELATED
APPLICATIONS

Subject matter disclosed but not claimed herein is
disclosed and claimed in copending application Ser.
No. 377,809 filed on even date herewith.

The present invention relates generally to automatic
focusing systems, and in particular to a focus position
detection apparatus.

In the past, most automatic focusing systems have re-
quired two basic motions. One is the motion of a focus-
ing lens with respect to a plane upon which a focused
image of a scene is to be formed. The second motion
is a scanning motion of a light detector with respect to
the image at the image plane. As the lens moves from
one extremity to another in a predetermined path of
travel, a point will be encountered at which a major
portion of a scene being projected upon an image plane
will be in focus. The focused portion of the projected
image is characterized by abrupt contrast changes of a
focused image. If the image is continually scanned dur-
ing the lens movement, the image contrast changes may
be detected. Some focus detecting systems have been
developed which obviate the requirement of scanning
the image plane in order to determine the best focus
position of the objective lens. However, those systems
have introduced other disadvantages such as being op-
tically complex, costly, and relatively inaccurate.

SUMMARY OF THE INVENTION

It is, accordingly, an object of the present invention
to provide a focus detecting apparatus which obviates
the disadvantages of prior art devices.

It is another object of the present invention to pro-
vide a focus detecting apparatus which requires no
scanning movement. »

It is yet another object of the present invention to
provide a focus detecting apparatus as set forth, which
is relatively simple in design.

It is a further object of the present invention to pro-
vide a focus detecting apparatus as set forth, which is
more accurate and reliable than prior art devices.

In accomplishing these and other objects, there has
been provided, in accordance with the present inven-
tion, an improved focus detecting apparatus compris-
ing moveable lens means, characterization means asso-
ciated with the lens means, a sensor device and a signal
conditioning circuit. Light from an object, passing
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through first and second halves of the lens means is

characterized in first and second manners, respectively.
The sensor device comprises first and second sensor ar-
rays, each including a plurality of discrete light respon-
sive elements. Each light responsive element in the first
sensor array has a corresponding light responsive ele-
ment in the second sensor array. The first sensor array
is arranged to receive only the light characterized in the
first manner while the second sensor array is arranged
to receive only the light characterized in the second
manner. The signal conditioning circuit responds to dif-
ferences between corresponding light responsive ele-
ments of the first and second sensor arrays to provide
an output signal representative of the degree of similar-
ity of the images appearing on the first and second sen-
sor arrays as the lens means moves between predeter-
mined limits.

WAL lastio.com
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BRIEF DESCRIPTION OF THE DRAWINGS

A better understanding of the present invention may
be had from the following detailed description, when
read in connection with the accompanying drawings, in
which;

FIG. 1 is a schematic diagram of an automatic focus-
ing system including one embodiment of the present
invention;

FIGS. 2A-2C show a schematic diagram of a side
view of the sensor device and light responsive elements
in FIG. 1 with the objective lens in the focus position;

FIGS. 3A-3C show a schematic diagram of a side
view of the sensor device and light responsive elements
of FIG. 1 with the objective lens in a first defocused po-
sition; :

FIGS. 4A-4C show a schematic diagram of a side
view of the sensor device and light responsive elements
of FIG. 1 wherein the objective lens is in another defo-
cused position;

FIGS. 5A-5C show a schematic diagram of another
embodiment of the present invention and the images
appearing on the light responsive elements of the sen-
sor device when the objective lens is in two defocused
positions;

FIG. 6 is a schematic diagram of yet another embodi-
ment of the present invention;

FIG. 7 is a schematic diagram of still another embodi-
ment of the present invention;

FIG. 8 is a schematic diagram of a further embodi-
ment of the present invention;

FIG. 9 is an illustration showing a portion of the em-
bodiment shown in FIG. 8; and

FIG. 10 is a schematic diagram showing an alterna-
tive arrangement of a portion of the embodiment
shown in FIG. 8.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Referring to FIG. I in detail, three rays of light, 1, 3
and 5 are shown eminating from a point 7 on an object
9 to be focused. In the present example, the object 9 to
be focused is a square divided horizontally by a line 11,
the portion of the square above the line 11 being un-
shaded and the portion below the line 11 being shaded.
The beam of light including the rays 1, 3 and 5§ im-
pinges upon a characterization means 13. The charac-
terization means 13 in the present example is a circu-
larly shaped mask of polarized material. The character-
ization'means 13 is horizontally split into two portions,
the upper portion being polarized in a direction P1 and
the lower portion being polarized in a direction P2. The
characterization means 13 is shown in FIG. 1 as being
separated from a lens means 14 for the sake of clarity
but may be advantageously joined therewith, to form a
single moveable member 16. The lens means 14 so con-
verges the light rays 1, 3 and 5 after they have been po-
larized by the characterization means 13 that when the
lens means 14 is in the proper focus position, the light
rays 1, 3 and 5 will form a focused image of the point
7 upon at least one predetermined plane as hereinafter
explained. The rays 1, 3 and 5 are directed by the lens
means 14 toward a sensor device generally indicated at l
15. The sensor.device 15 includes a-first light sensor ;
array or sensing means 17 and a second light sensor i
array or sensing means 19. The first sensor array 17, in |
the exemplarly embodiment, comprises four .light re-!’
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sponsive elements 21, 23, 25 and 27 arranged horizon-
tally in a plane perpendicular to the plane of the lens
means 14. The second light sensor array 19 similarly
includes four light responsive elements 29, 31, 33 and
35 arranged in a plane parallel to the plane containing

. the lens means 14. A polarizing material or mask 37,

which is polarized in a first direction P1, is arranged to
allow only the light polarized in the first direction P1,

i to fall on the light responsive elements 21, 23, 25 and

" 27 of the first sensor array 17. The light responsive ele-
i ments 29, 31, 33 and 35 of the second light sensor array

19 also have a polarizing material or mask 39, associ-

“ated therewith, but which is polarized in a second di-

rection P2, and allows only light polarized in the sec-
ond direction P2 to fall on the light responsive elements
29, 31, 33, 35 of the second sensor array 19. The sensor

-device 15 further includes a semi-reflective, semi-

transmissive mirror means 41 placed diagonally across
the entire length of the rectangular form defined by the
first and second sensor arrays 17 and 19. The mirror 41
has one edge thereof placed on the common line be-
tween the first and second arrays 17 and 19. Each light
responsive element is connected by a common lead 43
to ground. In addition, each light responsive element
21, 23, 25 and 27 of the first sensor array 17 generates
an output signal B1 to B4, respectively, which is ap-
plied to a signal conditioning circuit 45. The light re-
sponsive elements 29, 31, 33 and 35 of the second sen-
sorarray 19 similarly generate output signals Al, A2,
A3 and A4, respectively, which are also applied to the
signal conditioning circuit 45. Each light responsive el-
ement 21, 23, 25 and 27 of the first light sensor array
17 has a corresponding light responsive element 29, 31,
33, and 38, respectively, in the second sensor array 19
vertically displaced therefrom. The signal conditioning
circuit 45 includes four differential amplifiers 47, 49,
51 and 53. Each of the four differential amplifiers 47,
49,51 and 53 is responsive to signals from a pair of cor-
responding light responsive elements in the first and
second sensor arrays 17 and 19 for providing a signal
representative of the difference therebetween. Each of
the differential amplifiers 47, 49, 51 and 53 has its out-
put connected to the input of an absolute value deter-
mining circuit 55,57, 59, and 61, respectively. The out-
puts from the absolute value determining circuits are in
turn connected to a summing junction 63 at which ap-
pears an output signal of the signal conditioning circuit
45 representative of the degree of similarity of the im-
ages projected on the first and second sensor arrays 17
and 19. The summing junction 63 is connected by a
lead 65 to a detector circuit 67. The detector circuit 67
detects when the lens means 14 is in the focus position
and provides an output signal representative thereof.
That output signal is supplied to a control circuit 71 by
a lead 69. The control circuit 71 is operable to move
the moveable member 16 including the lens means 14
and the polarizing mask 13, in a forward direction to-
ward the object 9 to be focused and also in a reverse
direction toward the sensor device 15. The control cir-
cuit 71 is further operative to terminate the movement
of the moveable member 16 when the moveable mem-
ber 16 is in the proper focus position as determined by
the sensor device 15 in cooperation with the signal con-
ditioning circuit 45 and the detector circuit 67.

FIGS. 2A. 3A and 4A show a side view of the sensor
device 15 and the moveable member 16 with the move-
able member 16 appearing in different relative posi-
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tions with respect to the sensor device 15. FIGS. 2B, 3B
and 4B show the images appearing on the light respon-
sive element 21 for the three different positions, and
FIGS. 2C, 3C and 4C show the images appearing on the
light responsive element 29 for the three positions of
the moveable member 16. In FIGS. 2A, 3A and 4A,
light coming from the shaded portion of the object 9 to
be focused is indicated by dashes appearing to the left
of the object 9 while light coming from the unshaded
portion of the object 9 is identified by dots shown to the
left of the object 9. Those designations will aid in trac-
ing of the light from the object 9 through the moveable
member 16, and onto the first and second sensor arrays
of the sensor device 15. In FIG. 2A, the moveable
member 16 is in the focus position. The rays 1, 3 and
5 coming from the point 7 on the object 9, are charac-
terized or polarized in first and second directions Pl
and P2 as they pass through the moveable member 16.
After passing through the moveable member 16, the
rays 1, 3 and 5 converge toward the semi-transmissive,
semi-reflective mirror 41. The mirror 41 reflects rays
IR, 3R and 5R toward the mask 37 which is polarized
in the first direction P1, and also transmits rays 1T, 3T
and 5T toward the mask 39 which is polarized in the
second direction P2. In FIGS. 2A, 3A and 4A the light
responsive elements 21 and 29 are shown displaced’
from their corresponding polarized masks 37 and 39,
respectively, for purposes of illustration. In actual con-
struction, however, the polarized masks 37 and 39 are
so thin that the light responsive elements, which are im-
mediately adjacent to the masks, lie in substantially the
same plane as the corresponding polarized masks 37
and 39, respectively. The reflected rays IR, 3R and 5R
converge to form a focused image of the point 7 on the
mask 37. The transmitted rays 1T, 3T and 5T converge
and form a focused image of the point 7 on the mask
39. Since the mask 37 is polarized in the first direction,
it will allow only that light which is also polarized in the
first direction to pass therethrough and be sensed by
the light responsive element 21. Since only that light
between the rays 1R and 3R is polarized in the first di-
rection, only that light between the rays IR and 3R will
be allowed to fall on a light responsive element 21. The
light between the rays 3R and SR, since it is polarized
in the second direction P2, will be blocked by the mask
37. Since the path of a ray of light passing through the
center of the lens is unaltered by the lens, it can be seen
that the light coming from the shaded lower portion of
the object 9 will fall on the right side of the light re-
sponsive element 21 as shown in FIG. 2A by the dashed
lines between the mask 37 and the light responsive ele-
ment 21. Similarly, the light coming from the unshaded
portion of the object 9 will fall on the left half of the
light responsive element 21 as shown by the dots be-
tween the light responsive element 21 and mask 37.
Therefore, the image appearing on the light responsive
element 21, as seen from the mirror 41, appears as
shown in FIG. 2B with the lower portion being shaded
and the upper portion being unshaded.

Since the mask 39 is polarized in the second direc-
tion, it will allow only light polarized in the second di-
rection, i.e. the light between rays 3T and ST, to pass
through the mask 39 and fall on the light responsive el-
ements 29. The light between the rays 1T and 3T, since
it is polarized in the first direction P1, will be blocked
by the mask 39. The rays 3T and ST converge at the
mask 39 to form a focused image of the point 7. Light
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coming from the unshaded portion of the object 9 will
be focused on the lower half of the light responsive ele-
ment 29 while light coming from the shaded half of the
object 9 will be focused on the upper portion of the
light responsive element 29. That light distribution on
the light responsive element 29 is illustrated by the dots
and dashes between the light responsive element 29
and the mask 39. The image formed on the light re-
sponsive element 29 as seen from the mirror 41 is
shown in FIG. 2C, the top half being shaded and the
lower half being unshaded. It should be noted in con-
nection with FIG. 2A that when the moveable member
16 is in the proper focus position. equal amounts of
total light will fall on both light responsive elements 21
and 29. Therefore, if each light responsive element 21
and 29 generates a signal which represents the amount
of light falling thereon, both signals are substantially
equal and a signal representative of the difference be-
tween the magnitudes of the generated signals is sub-
stantially zero.

In FIG. 3A the moveable member 16 is shown dis-
placed toward the sensor device 15 from the focus posi-
tion shown in FIG. 2A. The mask 37, being polarized
in the first direction P1, allows only light which is char-
acterized or polarized in the first direction i.e. the light
between rays IR and 3R, to pass therethrough and fall
on the light responsive element 21. Therefore, the light
coming from the shaded portion of the object 9 will ap-
pear on the light responsive member 21 to the right of
the ray 3R while light from the unshaded portion of the
object 9 will appear on the light responsive element 21
to the left of the ray 1R. Because the moveable member
16 is not in the focus position, the rays 1R and 3R do
not meet at the light responsive element 21 and there
is a gray area, or an overlapping of the light and dark
areas. The light, dark and gray areas are indicated by
the dots, dashes, and overlapping dots and dashes, re-
spectively. between the light responsive element 21 and
the mask 37. The image appearing on the light respon-
sive element 21, as viewed from the mirror, 41 is shown
in FIG. 3B. As the moveable member 16 is moved to-
ward the sensor device 15, i.e. in the reverse direction
R. the area of gray representing the overlapping of the
light and dark areas on the light element 21 will in-
crease as indicated in FIG. 3B. Similarly, the mask 39
allows only light polarized in the second direction P2
to pass therethrough and fall on the light responsive el-
ement 29. Therefore only the light between the rays 3T
and 5T will fall on the light responsive element 29.
Light from the shaded area of the object 9 will impinge

25

6

will become relatively darker. The difference between
the signals generated by the light responsive elements
21 and 29 will therefore become greater as the move-
able member 16 including the lens means 14 is moved
away from the focused position in the reverse direction.

In FIG. 4A, only the light between the rays 1R and
3R will pass through the mask 37 and fall on the light
responsive element 21. The light from the shaded por-
tion of the object 9 will appear on the light responsive
element 21 to the right of the ray 1R while the light
from the unshaded portion of the object 9 will appear
on the light responsive element 21 to the left of the ray
3R. Similarly, light from the shaded portion of the ob-
ject 9 will appear on the mask 39 above the ray 3T
while the light from the unshaded portion of the object
9 will appear on the mask 39 below the ray 5T. Again,
as was the case in FIG. 3A, there is a gray area where
there is an overlapping of the light and dark areas ap-
pearing on the light responsive elements 21 and 29.
That overlapping or gray area will increase in the direc-
tions noted in FIGS. 4B and 4C as the moveable mem-
ber 16 is moved away from the focused position in the
forward direction. The total light appearing on the light
responsive element 21 will decrease and the total light
appearing on the light responsive element 29 will in-

crease as the moveable member 16 is moved in the for- -

ward direction F away from the focused position.

" Therefore, the difference between the signals Bl and

3
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50

upon the mask 39 on that portion of the mask 39 above .

the ray 5T in FIG. 3A. Rays of light from the unshaded
portion of the object 9 will appear on the portion of the
mask 39 below the ray 3T. The light intensity distribu-
tion appearing on the light responsive element 29 is
shown by the dashes and dots between the mask 39 and
the light responsive element 29. As was the case with
the reflected light, the transmitted light rays also effect
the appearance of a gray area between the rays 3T and
5T as shown in FIG. 3C. As the moveable member 16
is moved closer to the sensor device 15, that gray area
will cover more and more of the unshaded portion of
the image on the light responsive element 29. There-
fore. as the moveable member 16 is moved in the re-
verse direction R, the image appearing on the light re-
sponsive element 21 will become relatively lighter and
the image appearing on the light responsive element 29

WAL lastio.com
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Al generated by the light responsive elements 21 and
29 respectively, will increase as the lens is moved away
from the focused position in a forward direction F to-
ward the object to be focused.

Therefore, it is apparent that the difference between
the corresponding light responsive elements of the first
and second sensor arrays will be minimal when the
moveable member 16, including the lens means 14 and
the characterization means 13, is at the proper focus
position. Referring again to FIG. 1, the absolute values
of the respective difference signals between corre-
sponding light responsive elements are summed at the
junction 63 and detected by the valley detector 67.
When the valley detector 67 senses a minimal or valley
signal, a control signal is applied to the control circuit
71 through the lead 69 to effect the termination of
movement of the moveable member 16 at the proper
focus position.

In FIG. 5A an object to be focused 73 includes an un-
shaded and a shaded area separated by a vertical line
75. Light from the object 73 passes through the charac-
terization means 77 and the lens means 79, which to-
gether comprise a moveable member 78, and falls on
a sensor device 81. The sensor device 81 shown in FIG.
5A is of a simpler construction than that shown in
FIGS. 1 through 4 and may be used in situations where
little or no vertical light differences in the object to be
focused are expected. The characterization means 77
is split vertically with one half polarized in the first di-
rection P1 and the other half being polarized in a sec-
ond direction P2. The sensor device 81 is split horizon-
tally the upper portion of which is covered with a polar-
ization material or mask 91 polarized in the first direc-
tion P1 while the lower half is covered by a material or
mask 93 polarized in the second direction P2. The
upper portion of the sensor device 81 comprises a first
sensor array or sensing means 82 including light re-
sponsive elements 83, 85, 87 and 89, with the polarized
mask 91 arranged between the light responsive ele-
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ments and the moveable member 78. Similarly, the sec-
ond sensor array or sensing means 84 includes four
light responsive elements 95, 97, 99 and 101 vertically
displaced from corresponding light responsive ele-
ments of the first sensor array 82. A polarized material
or mask 93 is placed between the light responsive ele-
ments of the second sensor array 84 and the moveable
member 78. All of the light responsive elements are
commonly connected to ground by a lead 103 and each
provides an individual output signal representative of
the light falling thereon. Those output signals may be
connected to the signal conditioning circuit 45 of the
system shown in FIG. 1.

When the moveable member 78 is displaced in the
reverse direction R away from the focus position, the
image of the vertical line 75 on the object 73 will ap-
pear to be discontinuous on the sensor device 81 as
shown in FIG. §B. As the moveable member 78 moves
in the reverse direction R, the semi-shaded or gray area
86 on the first sensor array 82 will cover more and
more of the formerly unshaded area of the first sensor
array 82 while the semi-shaded or gray area 88 of the
second sensor array 84 will expand into the formerly
shaded area of the second sensor array 84, as indicated
by the arrows in FIG. §B. Conversely, when the move-
able member 78 moves in the forward direction F to-
ward the object to be focused from the focus position,
the gray area 90 (FIG. 5C) will expand into the for-
merly shaded area of the first sensor array 82 while the
gray area 92 will cover more of the formerly unshaded
area of the second sensor array 84. When the moveable
member 78 is in the focus position, the vertical line 75
of the object 73 will appear continuous on the sensor
device 81 and there will be no differences in the light
received by corresponding light responsive elements
(83 & 95,85 & 97,87 & 99, and 89 & 101) of the first
and second sensor arrays. However, when the move-
able member 78 is displaced in either the forward F or
reverse R directions from the focus position, there will
be a difference between the total light received by at
least one set of corresponding light responsive elements
as shown in FIGS. 5B and 5C. That is, there will be a
corresponding change in the distribution of the light in-
tensity with respect to the sensor arrays. Therefore, if
the object to be focused has little or no vertical light
differences, the difference signals between correspond-
ing light responsive elements of the first and second
sensor arrays will be minimal when the moveable mem-
ber 78 is at the focus position.

FIG. 6 shows another characterization means of the
focus detecting system of the present invention. Light
from an object 105 to be focused passes through a lens
107 toward two prisms 109 and 111. Each of the prisms
109 and 111 covers one half of a cross section of the
light from the lens 107. The prisms 109 and 111 refract
the light passing therethrough toward another lens 113.
A sensor device 115 is arranged to receive the light
from the lens 113. The sensor device 115 may take the
form of the sensor device 81 of FIG. 5, depending upon
the nature of the object to be focused as hereinbefore
explained. The operation of the system of FIG. 6 is sub-
stantially the same as the operation of the systems
shown in FIGS. 1 and § insofar as each sensor array
“sees™ only that light coming through one half of the
objective lens (107 in FIG. 6).

In FIG. 7, light from an object to be focused 117
passes through an objective lens 119 toward two non-
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parallel mirrors 121 and 123. The mirrors 121 and 123
reflect one half of a cross section of the light comming
through the lens 119, in different directions, respec-
tively, toward another lens 125. A sensor device 127 is
arranged to receive the light from the lens 125. The
sensor device 127 may take the form of the sensor de-
vice 15 of FIG. 1 or the sensor device 81 of FIG. 5. As
was the case with the system shown in FIG. 6, each sen-
sor array of the sensor device 127 “sees” only light
from the object to be focused through one half of the
objective lens 119,

In FIG. 8, radiation from an object 131 passes
through a moveable lens 133 to converge on an opaque
member 137 which includes a slit 135. Thus, when the
moveable lens 133 is in the proper focus position, an
image of the object 131 will be formed on the opaque
member 137 and a portion of the radiation forming that
image will pass through the slit 135 to be refocused by
a lens structure 139 to form first and second vertically
displaced images of the image appearing at the slit 135
on first and second light sensing means 141 and 143,
respectively, of a light sensing device 145. The arrange-
ment of the first and second light sensing means 141
and 143 in FIG. 8 is similar to that shown in the previ-
ous embodiments except that the individual radiation
responsive elements in the first and second light sensing
means 141 and 143 are photo resistive in FIG. 8
whereas the corresponding radiation responsive ele-
ments in the previous embodiments were photo voltaic.
Either type photo-responsive element may be used with
the present invention. The circuitry of the signal pro-
cessor will change accordingly. depending, inter alia,
upon which type element is used. In the present exam-
ple the first light sensing means 141 includes four photo
resistive elements 147, 149, 151 and 153. The second
light sensing means 143 includes corresponding photo
resistive elements 155, 157, 159 and 161, respectively.
A bus 163 having a common connection to a first ter-
minal of each of the photo resistive elements in the first
light sensing means 141 is connected to a positive refer-
ence potential +V and a bus 165 having a common
connection to a first terminal of each of the photo resis-
tive elements in the second light sensing means 143 is
connected to a second reference potential =V which is
equal in magnitude but opposite in polarity from the
first reference potential +V. The corresponding photo
resistive elements of the first light sensing means 141
and the second light sensing means 143 have their sec-
ond terminals connected together.

The lens structure 139 includes first and second lens
sections 140 and 142, respectively, which, in the pres-
ent example, are shown as half lenses. The first and sec-
ond lens sections 140 and 142 are so displaced along
a common interface 144 that one image 146 of the
image appearing at the slit 135 will be projected upon
the first light sensing means 141 through the first lens
section 140, while a second image 148 of the image ap-
pearing at the slit 135 will be projected upon the sec-
ond light sensing means 143 through the second lens
section 142 as shown in FIG. 9. A signal processor 167
receives as inputs thereto the difference signals D1, D2,
D3 and D4, generated at the junctions between corre-
sponding photo resistive elements of the first and sec-
ond light sensing means 141 and 143. The signal pro-
cessor, in turn, provides a focus signal which is applied
to a control circuit 169. The control circuit 169 oper-
ates to control the movement of the moveable lens 133.
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When the moveable lens 133 is in the proper focus po-
sition the images 146 and 148 projected upon the first
and second light sensing means 141 and 143, respec-
tively, have substantially the same intensity distribution
and the voltage appearing at the junction between the
corresponding photo resistive elements of the first and
second light sensing means 141 and 143 will be sub-
stantially zero. The signal processor 167 includes, for
example, an absolute value circuit for each input
thereto, and the outputs of the absolute value circuits
are connected at a common junction to provide an out-
put signal from the signal processor 167. When the dif-
ference signals D1 to D4 are substantially zero, the out-
put signal from the signal processor 167 will be at a
minimal value. The control circuit 169 includes well
known circuitry to sense that minimal value and, in
turn, terminate the movement of the moveable lens 133
at the focus position.

FIG. 10 shows a lens structure 171 in combination
with an opaque member 174 which combination may
be substituted for the lens structure 139 of FIG. 8. With
the combination shown in FIG. 10, the opaque member
137 including the slit 135 is not an essential compo-
nent, and therefore, all of the radiation passing through
the moveable lens 133 will be presented to the lens
structure 171 rather than only that radiation passing
through the slit 135 of FIG. 8. The lens structure 171
again includes two half lens vertically displaced along
a common interface. However, the bottom portion of
one of the half lenses and the top portion of the other
half lens are covered. for example, by an opaque mate-
rial 173 to render them unable to transmit radiation
therethrough. Therefore, the operable lens sections
comprising the lens structure 171 are the uncovered
portions 175 and 177 of the vertically displaced half
lenses. The opaque member 174 is disposed between
the lens structure 171 and the light sensing device 145
on a plane to physically prevent radiation coming
through the first lens portion 175 from falling on the
second light sensing means 143, and radiation passing
through the second lens portion 177 from falling on the
first light sensing means 141, The operation of the em-
bodiment shown in FIG. 10 is similar to that shown in
FIG. 8 in that when the moveable lens 133 is in the
proper focus position, the output difference signal from
each pair of corresponding light sensing elements of the
light sensing device 145 will be substantially zero volts
thereby ultimately effecting the termination of the
movement of the moveable lens 133. With the opaque
member 174 disposed as shown in FiG. 10, the opaque

40

50

member 137 including the slit 135 is unnecessary to re- .

strict the dimensions of the images appearing on the
light sensing device 145 so there will be no overlapping
of the first image on the second light sensing means or
the second image on the first light sensing means since
that function is now performed by the opaque member
174,

In a practical application of the focus detecting sys-
tem of the present invention the viewing angle of the
focus detecting system is significantly smaller than the
viewing angle as seen from a light sensitive film in a
camera, for example, in order to distinguish the partic-
ular area to be focused upon from the remainder of the
general scene. The focus detecting viewing angle may
be indicated through the view finder of the camera and
may be, for example, of the order of 1° to 10° The
moving lens in the focus detecting system will of course
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be so operatively coupled to the main objective lens of
the camera that the state of focus of the image on the
light sensing device will, at all times, be substantially
the same as the state of focus of the image at the film
plane. :

The present invention obviates the need for a scan-
ning motion between the image formed and the detect-

ing device. The utilization of a plurality of individual

light responsive elements in each detector array greatly
enhances the accuracy and reliability of the focus de-
tecting apparatus of the present invention. The utiliza-
tion of a beam splitter ahead of the light responsive ele-
ments provides for a focus detecting apparatus which
is substantially immune from inaccuracies introduced
in prior art devices as a result of focusing scenes having
non-uniform light distribution patterns.

Thus, there has been provided, in accordance with
the present invention, an improved focus detecting ap-
paratus which requires no moving parts other than an
objective lens, and which provides for a more accurate
and reliable detection of the focused position of the ob-
jective lens, regardless of the light distribution of a
scene to be focused, while being relatively simple in de-
sign and construction.

The embodiments of the present invention in which
an exclusive property or privilege is claimed, are de-
fined as follows:

1. A focus detecting apparatus for use in focussing an
image of an object, the focus detecting apparatus com-
prising:

a single radiation gathering and receiving means ar-
ranged to receive radiation over a single path from
the object for forming from said radiation two dis-
tinctly characterized and discretely identifiable
portions of radiation and for forming first and sec-
ond images from said portions;

adjusting means for varying the intensity distributions
of said first and second images;

first and second sensing means, cach consisting of a
plurality of sensing elements arranged to sense the
intensity distributions of said first and second im-
ages, respectively, and to provide difference signals
representative of the differences between intensity
distributions of said first and second images, which
intensity distributions vary as a function of the con-
dition of focus of said images; and

means connected to said first and second sensing
means for providing an output signal indicative of
the condition of focus of the images formed by said
discretely identifiable portions.

2. The focus detecting apparatus as set forth in claim

1 wherein said receiving means includes means for spa-
tially separating said portions.

3. The focus detecting apparatus as set forth in claim
1 wherein said receiving means includes polarization
means for distinctly characterizing each of said por-
tions.

4. The focus detecting apparatus as set forth in claim
1 wherein each of said first and second sensing means
includes a plurality of radiation responsive elements.

5. The focus detecting apparatus as set forth in claim
1 wherein said receiving means comprises first and sec-
ond lens portions, said first lens portion being arranged
to define a first discretely identifiable portion and to
form said first image therefrom, said second lens por-
tion being arranged to define a second discretely identi-
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fiable portion and to form said second image there-
from.
6. The focus detecting apparatus as set forth in claim
5 wherein said first and second lens portions have a
common interface, said first and second lens portions
being equally displaced along said common interface in
opposite directions, said first and second sensing means
being arranged to receive radiation passing through
said first and second lens portions, respectively.
7. The focus detecting apparatus as set forth in claim
S wherein said receiving means further includes an
opaque masking means arranged between said lens por-
tions and said sensing means, further masking means
being arranged to block the passage of radiation
through the part of said first lens portion lying on one
side of said first mentioned opaque masking means and
to block the passage of radiation through the part of
said second lens portion lying on the opposite side of
said first mentioned opaque masking means, said mask-
ing means cooperating to substantially preclude radia-
tion from said first lens portion from impinging upon
said second sensing means and radiation from said sec-
ond lens portion from impinging upon said first sensing
means.
- 8. A focus detecting apparatus comprising:
moveable lens means for focusing a beam of light
from a distant object to form an image on at least
one image plane;
characterization means associated with said lens
means for effecting a first characterization of the
light passing through one portion of said lens
means, and a second characterization of the light
passing through the remaining portion of said lens
means;
first and second sensor arrays arranged to receive
said characterized light from said characterization
means, each of said sensor arrays comprising a like
plurality of discrete coplanar light responsive ele-
ments, said first sensor array being arranged to
have only light of said first characterization falling
thereon, and said second sensor array being ar-

ranged to have only light of said second character-

ization falling thereon, said light responsive ele-
ments of said first sensor array being linearly dis-
placed along a first line, said light responsive ele-
ments of said second sensor array being linearly
displaced along a second line, said first and second
lines being symmetrical with respect to a third line
midway between said first and second sensor ar-
rays, each of said light responsive elements in said
first sensor array having a corresponding light re-
sponsive element in said second sensor array dis-
placed therefrom in a direction perpendicular to
said third line, each of said light responsive ele-
ments being operable for providing an electrical
signal in accordance with the amount of light fall-
ing thereon; and

signal conditioning means connected to said light re-
sponsive elements of said first and second sensor
arrays, said signal conditioning means being re-

»;
x
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sponsive to said electrical signals for providing an
output signal representative of the degree of simi-
larity of images formed on said first and second
sensor arrays as said lens means is moved with re-
spect to said first and second sensor arrays.

9. The focus detecting apparatus as set forth in claim
8 wherein said first and second sensor arrays are copla-
nar and parallel to each other.

10. The focus detecting apparatus as set forth in
claim 8 and further including a beam splitter means ar-
ranged to receive said characterized light from said lens
means, said beam splitter means being operative to pass
a portion of said characterized light therethrough to fall
on said first sensor array, and reflect a portion of said
characterized light to fall on said second sensor array,
said second sensor array being arranged in a plane per-
pendicular to a plane containing said first sensor array.

11. The focus detecting apparatus as set forth in
claim 8 wherein said signal conditioning means in-
cludes differential amplifier means responsive to said
electrical signals from corresponding light responsive
elements of said first and second sensor arrays for pro-
viding, for each pair of corresponding electrical signals,
a differential signal representative of the difference
therebetween, operating means connected to said dif-
ferential amplifier means for providing, for each differ-
ential signal, a signal representative of the absolute
value thereof, and summation means connected to said
operating means for summing said absolute value sig-
nals and providing said output signal representative of
the sum of said absolute value signals.

12. The focus detecting apparatus as set forth in
claim 8 wherein said characterization means comprises
first and second polarizing masks polarized in first and
second directions, respectively, for providing said first
and second characterizations, respectively, said first
and second sensor arrays including third and fourth po-
larizing masks, repectively, interposed between said
first and second sensor arrays, repectively, and said
characterization means, said third polarizing mask
being polarized in said first direction and said fourth
polarizing mask being polarized in said second direc-
tion.

13. The focus detecting apparatus as set forth in
claim 8 wherein said characterization means includes
diverting means arranged for receiving said beam of
light after passing through said lens means, said divert-
ing means being operative to divert a portion of said
light beam from said lens means along a first path to-
ward only said first detector array, said diverting means
being further operative to divert the remaining portion
of said light beam from said lens means along a second
path, toward only said second detector array.

14, The focus detecting apparatus as set forth in
claim 13 wherein said diverting means includes first
and second refracting means.

15. The focus detecting apparatus as set forth in
claim 13 wherein said diverting means includes first

and second reflecting means.
* * * * *
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571 ABSTRACT

A lens device in an automatic focusing camera is opera-
ble to effect a first characterization of the light passing
through one half of the lens device, and a second char-
acterization of the light passing through the second half
of the lens device. A sensor device includes first and
second sensor arrays, each comprising a plurality of
discrete light responsive elements. The sensor arrays
are so arranged behind the lens device that the first
sensor array receives only the light of the first charac-
terization and the second sensor array receives only the
light of the second characterization. Each light respon-
sive element of the first sensor array has a correspond-
ing light responsive element in the second sensor array
which is vertically displaced therefrom. A signal condi-
tioning circuit, connected to the light responsive ele-
ments of the first and second sensor arrays, responds to
the differences between the signals generated by corre-
sponding light responsive elements of the first and sec-
ond sensor arrays to provide an output signal represen-
tative of the degree of similarity of the images projected
upon the light responsive elements as the lens device is
moved with respect to the sensor device. The output
signal from the signal conditioning circuit is applied to
a detector circuit. The detector circuit is connected to a
control circuit which stops the movement of the lens
device at the focus position.
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