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(57) Abstract: The present invention relates to a distance meas-
uring apparatus including an imaging device and a calculation
unit calculating a distance to a subject on the basis of an electrical
signal. The imaging device includes a signal acquisition unit that
acquires a first electrical signal based on a beam that has passed
through a first region off the center of the exit pupil in a predeter-
mined direction; a second electrical signal based on a beam that
has passed through a second region off the center of the exit pupil
in a direction opposite to the predetermined direction; and a third
electrical signal based on a beam that has passed through a region
eccentric from the first region in the direction opposite to the pre-
determined direction. The calculation unit performs a signal cor-
rection process for generating a first corrected signal and a dis-
tance calculation process for calculating the distance.
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DESCRIPTION
DISTANCE MEASURING APPARATUS

Technical Field

[0001] The présent invention relates to a distance
measuring apparatus, and in particularly, to a distance
measuring apparatus for use in a digital still camera, a
digital video camera, and so on.

Background Art

[0002] A phase-contrast distance measuring technique is
known as a distance measuring technique applicable to
digital still cameras and video cameras. |

[0003] PTL 1 discloses a solid-state imaging device in
which some of pixels have a ranging function using a phase
contrast method. The individual pixels have light receiving
portions each including a microlens and a photoelectric
conversion section. The light receiving portions have the
characteristic of having sensitivity to a beam that is
incident thereon at a small angle range through the
microlens by guiding light incident at a specific angle to
the photoelectric conversion sections. With this
configuration, beams that have passed through partial
regions on the pupil of the image-forming optical system are

detected. Two images generated from the beams that have



WO 2014/073401 PCT/JP2013/079060

passed through different regiohs on the pupil of the camera
lens are acquired by different light receiving portions.
The distance between the two images is estimated, and the
defocusing amount is calculated by triangulation using a
stereo image to perform ranging.

[0004] This method does not need to move the lens to
measure the range, in contrast to the conventional contrast
method, thus allowing high-speed high-accuracy ranging.
[0005] The signals acquired by the light receiving
portions of the pixels can be used as imaging signals for
generating an image, thus allowing imaging and ranging at
the same time.

{0006] PTL 2 discloses a focus detection apparatus
equipped with an imaging device having a pair of pixel
groups that receive beams that have passed through different
pupil regions of an image-capturing optical system and
output a first image signal and a second image signal,
respectively.

[0007] The focus detection apparatus includes a
calculation unit that subtracts a value obtained by
multiplying a second image signal by a second factor from a
value obtained by multiplying a first image signal by a
first factor to generate a first correct image signal and
that subtracts a value obtained by multiplying a first image

signal by a fourth factor from a value obtained by
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multiplying a second image signal by a third factor to

generate a second correct image signal; and a focus

detection unit that determines the defocusing amount on the

basis of the phase difference between the first and second

correct image signals.

Citation List

Patent Literature

[0008] PTL 1 Japanese Patent Laid-Open No. 2002-314062
PTL 2 U.S. Patent No. 8,159,599

Summary of Invention

Technical Problem

[0009] With the configuration disclosed in PTL 1, the

light receiving portions are low-sensitivity light receiving

portions having sensitivity only to beams that enter in a

relatively narrow angle range. Ranging a low-luminance

subject with such light receiving portions causes low signal

intensity and an insufficient S/N ratio, thus making it

difficult to achieve high-accuracy ranging.

[0010] In contrast, using high-sensitivity light receiving

portions having sensitivity to beams that enter in a wide

angle range increases the signal intensity and improves the

S/N ratio of the signals. These light receiving portions

detect beams that have passed through a wide region of the

pupil. This makes pupil division indefinite and the base

length short, thus making it difficult to achieve high-
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accuracy ranging.

[0011] The configuration disclosed in PTL 2 may have room
for improvement in focusing accuracy for a low-luminance
subject, although the configuration increases the focusing
accuracy with a simple calculation.

[0012] In consideration of the above problem, the present
invention provides a distance measuring apparatus capable of
measuring a distance to a low-luminance subject with high
accuracy by using high-sensitivity light receiving portions
that causes indefinite pupil division.

Solution to Problem

[0013] A distance measuring apparatus according to an
aspect of the present invention includes an optical system
forming an image of a subject; an imaging device acquiring
an electrical signal from a beam that has passed through an
exit pupil of the optical system; and a calculation unit
calculating a distance to the subject on the basis of the
electrical signal. The imaging device includes a signal
acquisition unit that acquires, on a plurality of locations
on the imaging device, a first electrical signal mainly
based on a beam that has passed through a first region off
the center of the exit pupil in a predetermined direction, a
second electrical signal mainly based on a beam that has
passed through a second region off the center of the exit

pupil in a direction opposite to the predetermined direction,
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and a third electrical signal different from the second
electrical signal on the basis of a beam that has passed
through a region eccentric from the first region in the
direction opposite to the predetermined direction. The
calculation unit performs a signal correction process for
generating a first corrected signal by subtracting the third
electrical signal from the first electrical signal in a
predetermined proportion and a distance calculation process
- for calculating the distance by using the first corrected
signal.

[0014] Further features of the present invention will
become apparent from the following description of exemplary
embodiments with reference to the attached drawings.
Advantageous Effects of Invention

[0015] According to an embodiment of the present invenfion,
a distance measuring‘apparatus capable of measuring a
distance to a low-luminance subject with high accuracy can
be achieved.

Brief Description of Drawings

[0016] Fig. 1A is a cross-sectional view showing, in
outline, a distance measuring apparatus according to an
embodiment of the present invention;

Fig. 1B is a schematic diagram illustrating an example

of an imaging device;

Fig. 1C is a schematic diagram illustrating an example
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of the overall configuration of the distance measuring
apparatus;

Fig. 2A is a graph showing the characteristics of the
distance measuring apparatus;

Fig. 2B is a diagram of an exitvpupil according to an
embodiment of the present invention;

Fig. 3 is a flowchart for the distance measuring
apparatus according to an embodiment of the present
invention;

Fig. 4A is a graph showing the angle characteristics of
light receiving portions;

Fig. 4B is a graph showing the angle characteristics of
imaginary light receiving portions;

Fig. 4C is a diagram illustrating pupil divided regions
and the centers of gravity of the pupils;

Fig. 5 is a flowchart for the distance measuring
apparatus according to an embodiment of the present
invention;

Fig. 6 1s a cross-sectional view showing, in outline,
an imaging device of a distance measuring apparatus
according to a first embodiment of the present invention;

Fig. 7A is a diagram illustrating an example of the
imaging device of the distance measuring apparatus according
to the first embodiment of the present invention;

Fig. 7B is a cross-sectional view showing, in outline,
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the imaging device of the distance measuring apparatus
according to the first embodiment of the present invention:

Fig. 8 is a cross-sectional view showing, in outline,
an imaging device of the distance measuring apparatus
according to the first embodiment of the present invention;

Fig. 9A is a diagram illustrating an example of an
imaging device of a distance measuring apparatus according
to a second embodiment of the present invention;

Fig. 9B is a graph showing the angle characteristics of
the light receiving portions;

Fig. 9C is a diagram showing pupil divided regions on
the exit pupil; and

Fig. 10 is a diagram illustrating an example of an
imaging device of a distance measuring apparatus according
to a third embodiment of the present invention.
Description of Embodiments
Basic Configuration
[0017] Referring ﬁo Figs. 1A to 1é and Figs. 2A and 2B, a
distance measuring apparatus 100 according to an embodiment
of the present invention will be described.
[0018] The distance measuring apparatus 100 according to
an embodiment of the present invention includes an optical
system 101 that forms an image of a subject, an imaging
device 102 that acquires an electrical signal by using a

beam that has passed through an exit pupil of the optical
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system 101, and a calculation unit that calculates a
distance to the subjéct on the basis of the electrical
signal.

[0019] Fig. 1A is a schematic diagram that mainly
illustrates the image-forming optical system 101 and the
imaging device 102 constituting the distance measuring
apparatus 100 according to an embodiment of the present
invention. Fig. 1B is a schematic diagram illustrating an
example of the imaging device 102. Fig. 1C is ‘a schematic
diagram illustrating an example of the overall configuration
of the distance measuring apparatus 100 according to an
embodiment of the present invention.

[0020] As shown in Fig. 1A, the image-forming optical
system 101 forms an image of an external subject on the
surface of the imaging device 102.

[0021] As shown in Fig. 1B, the imaging device 102
includes a plurality of pixels 103, 104, 105, ---. The
pixel 103 includes light receiving portions 106 and 107, the
pixel 104 includes a light receiving portion lO8,rand the
pixel 105 includes a light receiviﬁg portion 109 serving as
signal acquisition units for acquiring ranging and
correcting electrical signals. The pixels 103, 104, and 105
each include a reading unit (not shown) that converts
electrical charge accumulated in each of the light receiving

portions 106 to 109 to electrical signals and outputs the



WO 2014/073401 PCT/JP2013/079060

electrical signals to a distance calculation unit 111. The
reading unit is constituted by, for example, a floating
diffusion portion, a gate electrode, and wires.

[0022] As shown in Fig. 1C, the distance measuring
apparatus 100 includes the distance calculation unit 111 for
calculating a distance to the subject by using the acquired
signals, in addition to the optical system 101 and the
imaging device 102. The distance calculation unit 111 is
constituted by a signal processing substrate including, for
example, a CPU and a memory. The distance measuring
apparatus 100 may have a recording unit 112 for recording
read signals or calculation results. Fig. 1C illustrates
the distance measuring apparatus 100; alternatively, it may
be a digital camera including a driving mechanism for
focusing of the optical system 101, a shutter, and a display,
such as a liquid crystal display, for checking images.
[0023] The imaging device 102 that constitutes the
distance measuring apparatus 100 of an embodiment of the
present invention includes a signal acquisition unit that
acquires, on a plurality of locations on the imaging device,
a first electrical signal mainly based on a beam that has
passed through a first region off the center of the exit
pupil in a predetermined direction, a second electrical
signal mainly based on a beam that has passed through a

second region off the center of the exit pupil in a
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direction opposite to the predetermined direction, and a
third electrical signal different from the second electrical
signal on the basis of a beam that has passed through a
region eccentric from the first region in the direction
opposite to the predetermined direction.

[0024] The calculation unit 111 performs a signal
correction process for generating a first corrected signal
by subtracting the third electrical signal from the first
electrical signal in a predetermined proportion and a
distance calculation process for calculating the distance by
using the first corrected signal.

[0025] These features will be described in detail later.
Definition of Center of Gravitation Angle, Center
of Gravity of Pupil, and, Pupil Divided Region
[0026] In an embodiment of the present invention, the
distance between the image-forming optical system 101 and
the imaging device 102 is larger than the size of each pixel.
This causes beams that have passed through different
positions on an exit pupil 120 of the image-forming optical
system 101 to be incident on the surface of the imaging
device 102 at different incident angles.

[0027] The light receiving portions 106 and 107 receive
beams from a predetermined angle range 121 depending on the
shape of the exit pupil 120 and the positions of the light

receiving portions 106 and 107 on the imaging device 102.
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The sensitivity characteristics of the light receiving
portions 106 and 107 to the beams incident at different
angles are referred to as angle characteristics.

[0028] An angle that is the center of gravity of the
sensitivity of a light receiving portion in the angle range
of a beam incident on the light receiving portion is
referred to as a center-of-gravity angle. The center-of-
gravity angle can be calculated by using Exp. 1.

[[0029]  ‘In Exp. 1, 6 is an angle that a pupil dividing
direction (in this embodiment, the x-axis direction) forms
with the z-axis in a plane including the z—-axis, Og is the
center-of-gravity angle, t(0) is the sensitivity of the
light receiving portion, and integration is performed on the
angle range of beams incident on the light receiving portion.
[0030]

[Math. 1]

j sin(8)-£(8)do
J' H0)do

0g = (Exp. 1)

[0031] A position on the exit pupil 120 through which a
beam incident on the light receiving portion at a center-of-
gravity angle Og is referred to as the center of gravity of
the pupil. A region on the exit pupil 120 which includes
the center of gravity of the pupil and through which a beam

incident from an angle range in which the sensitivity of the
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light receiving portion is high is referred to as a pupil
divided region.

{0032] Fig. 2A shows the angle characteristics of the
individual light receiving portions 106 to 109 to beams
incident at different angles in the x-z plane, in which the
horizontal axis indicates an angle that an incident beam
forms with the x-axis in the x-z plane, and the vertical
axis indicates the sensitivity. Reference signs 106ga,
107ga, 108ga, and 109ga denote the center-of-gravity angles
of the light receiving portions 106, 107, 108, and 109,
respectively.

[0033] Broken lines denoted by reference signs 106t, 107t,
108t, and 109t in Fig. 2B indicate regions through which the
beams received by the light receiving portions 106, 107, 108,
and 109, pass through, réspectively. Reference signs 106d,
107d, 108d, and 109d denote the pupil divided regions of the
light receiving portions 106, 107, 108, and 109,
respéctively. Reference signs 106gp, 107gp, 108gp, and
109gp denote the centers of gravity of the pupils of the
light receiving portions 106, 107, 108, and 109,
respectively.

[(0034] The light receiving portions 106 and 107 are
configured to have sensitivity to beams incident on the
light receiving portions 106 and 107 in a wide angle range

and to receive beams that have passed through the
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substantially whole regions 106t and 107t of the exit pupil
120.

[0035] The light receiving portion 106 is configured such
that the pupil divided region 106d is off the center of the
exit pupil 120 in the +x direction. In other words, the
light receiving portion 106 mainly receives a beam that has
passed through a first region off the center of the exit
pupil 120 in a predetermined direction. The light receiving
- portion 106 acquires a first electrical signal on the basis
of the beam. Thus, the light receiving portion 106
constitutes a signal acquisition unit. The light receiving
portion 106 can be referred to as a first light receiving
portion. '

[0036] The light receiving portion 107 is configured such
that the pupil divided region 107d is off-centered in the -x
direction opposite to the pupil divided regioh 106d. 1In
other words, the light receiving portion 107 mainly receives
a beam that has passed through a second region off the
center of the exit pupil 120 in the direction opposite to
the predetermined direction. The light receiving portion
107 acquires a second electrical signal on the basis of the
beam. Thus, the light receiving portion 107 constitutes a
signal acquisition unit. The light receiving portion 107
can be referred to as a second light receiving portion.

[0037] A direction in which the pupil divided regions 106d
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and 107d are connected is referred to as a pupil dividing
direction (in this embodimént, the x-direction). The light
receiving portions 106 and 107 are disposed at a plurality
of locations in the pupil dividing direction on the imaging
device 102. The light receiving portions 106 and 107 can
receive beams that have passed through different pupil
regions at the plurality of locations in the pupil dividing
direction. Signals acguired by the light receiving portions
106 and 107 can be used as ranging signals or image signals.
[0038] The light receiving portion 108 is configuréd such
that it has sensitivity to a beam that has passed through
the pupil region 108t in the pupil region 106t and that the
pupil divided region 108d is eccentric from the pupil
divided region 1064 to the -x direction (the direction
opposite to the eccentric direction of the pupil divided
region 106d). In other words, the light receiving portion
108 acquires a third electrical signal different from the
second electrical signal mainly on the basis of a beam that
has passed through a region eccentric from the first region
to the direction opposite to the predetermined direction.
Thus, the light receiving portion 108 constitutes a signal
acquisition unit. The light receiving portion 108 can be
referred to as a third light receiving portion.

[0039] The light receiving portion 109 is configured such

that it has sensitivity to a beam that has passed through
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the pupil region.109t in the pupil region 107t and that the
pupil divided region 109d is eccentric from the pupil
divided region 107d to the +x direction (the direction
opposite to the eccentric direction of the pupil divided
region 107d). 1In other words, the light receiving portion
109 acquires a fourth electrical signal different from the
first electrical signal mainly on the basié of the beam that
has passed through a region eccentric from the second region
- in the predetermined direction. ‘Thus, the light receiving
portion 109 constitutes a signal acquisition unit. The
light receiving portion 109 can be referred to as a fourth
light receiving portion.

[0040] The light receiving portions 108 and 109 are
disposed at a plurality of locations in the pupil dividing
direction on the imaging device 102 and in the vicinity of
the light receiving portions 106 and 1O7,Irespectively.
[0041] The signals acquired by the light receiving
portions 106 to 109 can be used as correcting signals. The
light receiving portion 108 is configured to receive beams
more than the light receiving portion 107, and the light
receiving portion 109 is configured to receive beams more
than the light receiving portion 106 so that they have high
sensitivity. Thus, the light receiving portions 106 to 108
can acquire correcting signals having a higher signal-to-

noise (S/N) ratio than that of the ranging signals.
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[0042] The signals acquired at the plurality of locations
by the light receiving portions 106 to 108 are referred to
as signals Sios, S107, Si0s, and Sigs.

[0043] The distance calculation unit 111 calculates the
distance to the subject in accordance with the flowchart
shown in Fig. 3.

[0044] Step 131 is a signal correction process, in which a
corrected signal CSips is generated by subtracting the signal
Si0s - from- the signal Sigps at individual locations on the
imaging device 102 in a predetermined proportion, as
expressed as Exp. 2. In other words, the third electrical
signal is subtracted from the first electrical signal in a
predetermined proportion to generate a first corrected
signal.

[0045] As expréssed by Exp. 4, a corrected signal CSio7 is
generated by subtracting the signal S;gs from the signal Sigp7
in a predetermined proportion at individual locations on the
imaging device 102. In other words, the fourth electrical
signal is subtracted from the second electrical signal in a
predetermined proportion to generate a second corrected
signal. |

[0046] In Exp. 2 and Exp. 4, a and B are correction
factors, which are real numbers larger than 0. Such a
signal correction process is performed at a plurality of

locations in the pupil dividing direction on the imaging
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device 120 to generate the corrected signals CSyg¢ and CSig7.
[0047] CS106 = Si06 = @ *Sigs (Exp. 2)

foo48] This can be simply expressed as Exp. 3.
- [0049] S;' = S; - aS3 (Exp. 3)

where S;' is the first corrected signal, S; and S; are the
first and third electrical signals, and a is a correction
factor. |

[0050] CS107 = S107 = B -Si109 (Exp. 4)

[0051] This can be simply expressed as Exp. 5.

[0052] S2' = S; - B3, (Exp. 5)

where S,' is the second corrected signal, S, and S; are the
second and fourth electrical signals, and B is a correction
factor.

[0053] In step 132, the distance to the subject 1is
calculated from the corrected signal CSig¢ (first corrected
signal) and corrected signal CSip7 (second corrected signal)
pair. This includes a distance calculation process for
calculating the distance by using the first corrected signal
51,

[0054] The gap length of the signal pair can be calculated
using a known method. For example, the gap length can be
obtained by calculating the correlation while shifting one
of the signal pair to find a gap length at the highest
correlation. Furthermore, a defocusing amount is obtained

from the thus-acquired gap length by a known method to
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determine the distance to the subject.

[0055] Using the distance measuring apparatus 100 equipped
with the light receiving portions 106 to 109 and the
calculation unit described above allows the distance to a
low-luminance subject to be measured with high accuracy.
Principle

(0056] The reason that high-accuracy ranging can be
achiéved by the distance measuring apparatus 100 of an
embodiment of' the present invention will be described.
[0057] The defocusing amount (distance) can be calculated
from the gap length of the signal pair.

[0058] A gap length at a given defocusing amount depends
on the base length. The base length depends on the distance
between the centers of gravity of the pupils of light
recelving portions that generate a signal pair.

[0059] The gap length increases as the distance between
the centers of gravity of the pupils (base length) increases.
This allows the gap length to be determined with high
accuracy, thus enabling high-accuracy ranging.

[0060] In the signal correction process of step 131, the
corrected signal CSipe¢ (first corrected signal) corresponds
to a signal acquired by an imaginary light receiving portion
having an angle characteristic 106a' that is obtained by
subtracting the angle characteristic 108a x o from the

angle characteristic 106a. This also applies to the
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corrected signal CSjp7 (second corrected signal).

[0061] Figs. 4A and 4B are graphs showing the angle
characteristics of the light receiving portions 106 to 109
and the angle characteristics 106a' and 107a' of imaginary
light receiving portions 106a' and 107a'’ corresponding to
the corrected signal CSips (first corrected signal) and the’
corrected signal CSiy7 (second corrected signal). Fig. 4C is
a diagram illustrating the pupil divided regions 106d, 10647,
107d, -and 107d' ‘and the centers of gravity of the pupils,
106gp, 106gp', 107gp, and 107gp’'.

[0062] As shown in Fig. 4A, the center-of-gravity angle
108ga is smaller than the center-of-gravity angle 106ga.
Thus, the angle characteristic 106a' of the imaginary light
receiving portion 106' corresponding to the corrected signal
CS106 1s such that the sensitivity particularly at a small
angle is lower than that of the angle characteristic 106a,
as shown in Fig. 4B.

[0063] Thus, the center of the gravity angle 106ga' of the
angle characteristic 106a' is larger to the + side than the
center-of-gravity angle 106ga. As shown in Fig. 4C, the
pupil divided region 106d' corresponding to the corrected
signal CS;p¢ is eccentric to the +x direction from the pupil
divided region 106d.

[0064] Also for the corrected signal CSi97, the center of

the gravity angle 107ga' of the angle characteristic 107a’
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is larger to the - side than the center-of-gravity angle
107ga, and the pupil divided region 107d' is eccentric to
the -x direction from the pupil divided region 107d.

[0065] The distance between the pupil divided regions
106d' and 107d' is lager than the distance between the pupil
divided regions 106d and 107d before correction.

[0066] The distance 123 between the centers of gravity of
the pupils 106gp' and 107gp" corresponding to the base
length is larger than the base length 122 before éorrection.
The gap length between the corrected signals CSigs and CSigy
increases from that before correction, which allows the gap
length to be obtained with high accuracy, thus allowing
high-accuracy ranging. The distance measuring apparatus 100
of an embodiment of the present invention allows high-
accuracy ranging of a low-luminance subject by using
correcting signals with a high S/N ratio.

[0067] In the above-described signal correction process,
if the correcting signals have noise (random noise), the
corrected signals CSigp¢ and CSiy7 are also given noise in a
predetermined proportion in Exp. 3 or 5.

[0068] Insufficient S/N ratios of the corrected signals
cause insufficient measurement accuracy of the image gap
length.

[0069] This offsets the improving effect due to the image-

gap-length increasing effect described above, thus reducing
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the ranging accuracy improving effect.

[0070] In particular, an extremely low-luminance subject
causes much noise in the ranging signal S106 (first
electrical signal) and the ranging signal S;¢7 (second
electrical signal).

[0071] Using a signal having a lower S/N ratio than that
of a ranging signal as a correcting signal significantiy
increases an image-gap-length determination error, thus
extremely reducing the improving effect of the signal
correction process.

[0072] Thus, a correcting signal having a high S/N ratio
or an S/N ratio higher than that of a ranging signal may be
used.

[0073] :In the distance measuring apparatus 100 of an
embodiment of the present invention, the configurations of
the signal acquisition units and the distance calculation
unit 111 are not limited thereto.

[0074] The two light receiving portions 108 and 109 are
provided as correcting signal acquisition units;
alternatively, only the light receiving portion 108 may be
provided, and signals acquired by the light receiving
portion 108 may be used both as the correcting signals Siqgg
and Sigg.

[0075] An example configuration in which a pupil is

divided in the x-direction has been shown; alternatively,
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the pupil may be divided in the y-direction or in a slanting
direction, and light receiving portions having pﬁpil divided
regions may be disposed in such a direction to perform
ranging. This configuration allows ranging of a subject
having different contrasts in such a direction.

[0076] An example in which the distance calculation unit
111 generates a pair of corrected signalé CSi106 and CSip7 is
shown above; alternatively, a corrected signal of one of the
ranging signals Sips and Sigv may be generated, and the
corrected signal and the other ranging signal may be used to
calculate the distance. This configuration can also provide
the above advantages, thus allowing high-accuracy ranging.
Range of Correction Factor

[0077] In step 131 of Fig. 3, it is preferable that the
correction factors o and B be within the ranges expressed by
Exp. 6 and Exp. 8. In Exp. 6 and Exp. 8, tios, ti07, tios, and
tioo are the ratio of beams incident from locations on the
exit pupil 120 to electrical signals converted by the
individual light receiving portions 106 to 109.

[0078] Min( ) is a function for obtaining the minimum
value in ( ), x and y are coordinates on the exit pupil 120,
which are within the pupil region 108t of the light
receiving portion 108 in Exp. 6, and within the pupil region
109t of the light receiving portion 109 in Exp. 8.

[0079]
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[Math. 2]

O<a$min(f—mﬁ—(§’—y—)] (Exp. 6)
tos(x,»)

[0080] This can be simply expressed as Exp. 7.

[0081] 0 <o £min[T1(p)/T3(p)] (Exp. 7)

where p is coordinates on the exit pupil 120, and T; and T,
are the ratio of beams incident on the signal acquisition
units from the coordinate positions on the exit pupil 120 to

-the first -and third electrical signals S; and S3 converted.

[0082]

[Math. 3]

0<ﬂ$min(w] (Exp. 8)
t109(x,»)

[0083]- This can be simply expressed as Exp. 9.

[0084] 0 < B <min[T2(p)/Ts(p)] (Exp. 9)

where p is coordinates on the exit pupil 120, and T, and T,
are the ratio of beams incident on the signal acquisitidn
units from the coordinate positions on the exit pupil 120 to
the second and fourth electrical signals S, and S, converted.
[0085] Setting the correction factors a and B in this
manﬁer causes the angle characteristics 106a' and 107a' to
.have no negative sensitivity.

(o086l The light receiving portions 106 to 109 acguire, as
signals, values obtained by integrating the beams incident

thereon at different angles depending on the sensitivity.
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[0087] If part of the angle characteristics has negative
sensitivity, a beam received at negative sensitivity shows a
negative value, and the negative value ié offset with the
value of a beam received with positive sensitivity. Thus,
the corrected signal lacks information on part of the beams.
[0088] This causes an error in the gap length determined
from the corrected signal, thus causing a ranging error.
Setting the correction factors o and B within the ranges
expressed by Exp. 6 and Exp. 8 can decrease the error in the
corrected signal to reduce a gap length detection error,
thus allowing higher-accuracy ranging.

Disposition of Light Receiving Portions

[0089] In the distance measuring apparatus 100 of an
embodiment of the present invention, the light receiving
portions 106 to 109 that acquire the ranging signals and the
correcting signals may be disposed next to each other on the
imaging device 102.

[0090] Disposing the light receiving portions 106 to 109
at separate positions causes beams coming from different
subjects to be incident thereon. The difference among the
incident beams causes errors in corrected signals generated
from signals acquired by the light receiving portions 106 to
109 in the signal correction process, thus causing an error
in the result of ranging.

[0091] The light receiving portions 106 to 109 may be
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disposed close to each other, within three pixels, or within
the same pixel.

Distance Calculation Using Corrected Base Length
[0092] Calculating the distance using a corrected base
length W' in the distance calculation process in step 132 of
Fig. 3 allows higher-accuracy ranging.

.[0093] The corrected base length W' can be obtained by
calculating the distance 123 between the centers of gravity
of the pupils 106gp' and 107gp' of the imaginary light
receiving portions 106d' and 1074’ corresponding to the
corrected signals CSigs and CSip7 in Fig. 4C (corrected-base-
length calculation process).

[0094] First, the centers of gravity angles 106ga‘' and
107ga' are obtained from the angle characteristics of the
light receiving portions 106 and 107 and the correction
factors a and B, and the centers of gravity of the pupils
106gp' and 107gp' are calculated from the centers of gravity
angles 106ga' and 107ga’' and the positional information on
the exit pupil 120.

[0095] Next, the distance 123 between the centers of
gravity of the pupils 106gp' and 107gp' on the exit pupil
120 corresponding to the corrected base length W' is
calculated by using Exp. 10.

f{0096] W' = |106gp' - 107gp"'| (Exp. 10)

[0097] The corrected base length 123 thus obtained and the
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gap length calculated in step 131 are used to obtain the
defocusing amount by using Exp. 11, thereby calculating the
distance to the subject.

[0098] In Exp. 11, AL is the defocusing amount, r is the
gap length, L is the distance between the exit pupil 120 and
the imaging device 102, and W' is the corrected base length
123.

[0099]

[Math. 4]

rL

w'—r

AL =

(Exp. 11)

[0100] By calculating the defocusing amount from the gap
length by using a higher-accuracy base length, the distance
can be éalculated with higher accuracy.

[0101] In the distance calculation process of step 132,
the distance may be calculated by another method.

[0102] For example, a transformation coefficient for
connecting the gap length to the defocusing amount may be
calculated in advance, and the calculated gap length and the
transformation coefficient may be used to calculate the
defocusing amount.

[0103] This can omit a calculation for calculating the
base length depending on image-capturing conditions and the
position of the light receiving portions on the image plane,

thus allowing high-speed ranging.
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Adjustment of Correction Factor

[0104] In the signal correction process of step 131,
adjusting the correction factors o and B depending on the
positions of the light receiving portions 106 to 109 on the
imaging device 102 and image-acquisition conditions
(correction-factor adjusting process) allows hither-accuracy
ranging.

[0105] For the image-forming optical system 101 like a
zoom lens, the distance from the exit pupil 120 to the
imaging device 102 changes depending on the state of zooming.
Eclipse due to changes in the aperture of the image-forming
optical system 101 or the angle of view, if present, will
change the shape of the exit pupil 120.

[0106] These changes will change‘the angle ranges of beams
incident on the light receiving portions 106 to 109, thus
changing the numerical ranges of the correction factors o
and B in Exp. 6 and Exp. 8. Selecting optimum correction
factors a and P depending on the positions of the light
receiving portions 106 to 109 on the imaging device 102 and
the image-acquisition conditions allow higher-accuracy
ranging under the conditions.

Image Modification Process

[0107] The distance calculation unit of the distance
measuring apparatus 100 according to an embodiment of the

present invention may further perform a signal modification
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process for modifying the image form of the corrected
signals CSigs and CSigg.

fo108] The corrected signals CSips and CSi197 can be
described using the light distribution f of the subject and
corrected line spread functions Ligs' and Lig7', as in Exp. 12
and Exp. 13, where x is a position on the imaging device 102
in the pupil dividing direction.

[{0109]

[Math. 5]
-m !
CSlos[x]:Zf[x—i]Lloe [1 (exp. 12

[0110]

(Math. 6]

CSip7[x]= Zf[x ~ilor ] (Exp. 13)

[0111] Let Ligs, Lig7, Lﬁg, and Loy be line spread functions
determined depending on the point spread function of the
image-forming optical system 101, the angle characteristics
of the light receiving portions 106 to 109, and the shape
and position of the exit pupil 120. |
[0112] Corrected line spread functions Lios' and Lig7' in
Exp. 12 and Exp. 13 can be described as in Exp. 14 and Exp.
16, where a and B are the correction factors used in step

131.

[0113] L'106[x] = Lige[x] - aliog[x] (Exp. 14)
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[0114] This can be further simplified to Exp. 15.

[(0115] ILi' = L; - als (Exp. 15)

where L;' can be referred to as a first modification filter,
and L; and L; can be referred to as line spread functions
determined depending on the signal acquisition units for the
first and third electrical signals S; and S; and the optical
system 101.

[0116] L'107[%] = Li107{%] - PBLioo[x] (Exp. 16)

[0117] This can be further simplified to Exp. 17.

[0118] Ly' = L, - BL, (Exp. 17)

where L,' can be referred to as a second modification filter,
and L, and L; can be referred to as line spread functions
determined depending the signal acquisition units for the
second and fourth electrical signals S, and S4; and the
optical system 101.

[0119] The line spread function L is determined depehding
on the position and shape of the exit pupil 120 and the
angle characteristics of the light receiving portions 106 to
109. Eclipse due to the lens frame of the image-forming
optical system 101, is possible, will make the line spread
functions Ligs and Lig; differ from each other and the line
spread functions Ljog and Ligy differ from each other.

[0120] The corrected line spread functions Lios' and Lig7!
differ from each other, and the image shapes of the

corrected signals CSjgos' and CSig7' differ from each other.
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[0121] Next, a flowchart including the signal modification
process will be shown in Fig. 5.

[0122] Fig. 5 is a flowchart similar to Fig. 3 but differs
from Fig. 3 in that it has a signal modification processing
step 133.

[0123] Step 133 is a signal modification process for
modifying the image shapes of the corrected signals CSj;p6 and
CS107-

[0124] First, a temporary defocusing amount is calculated
from the pair of signals Sips and Sip7 or the corrected
signals CSigs and CSjg7 using a known unit.

[0125] Next, the corrected line spread functions Ljgs' and
Lig7' shown in Exp. 14 and Exp. 16 are created as image
modification filters on the basis of the temporary
defocusing amount and the known information about the angle
characteristics of the individual light receiving portions
106 to 109 and the known information on the exit pupil 120.
[0126] The corrected signals CSips and CSi g7 are subjected
to convolution integral by the image modification filters
Li1g7' and Lige' to create a modified signal MSjpe (first
modified signal) and a modified signal MSip7 (second modified
signal), respectively. The reference point for the
convolution integral is set at the centers of weight of the
image modification filters Lig7' and Lige'.

[0127] The image shapes of the modified signals MSigs and
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MSi97 are expressed as Exp. 18 and Exp. 19.

[0128]

[Math. 7]
m , n m , ,

MS6[x]= Y CSi05[x — ilao7 [i]= 22 e =i jlnos [y ] (Bxp. 18)
i=0 j=0i=0

[0129]

(Math. 8]
m , m n , ,

MS,g7[x]= ZCS107 [~ ilLs06 [1]= ZZf[x —Jj=ilho7 [lios ] (Exp. 19)
i=0 i=0 j=0 o

[0130] As shown in Exp. 18 and Exp. 19, the image shapes
of the modified signals MS;p¢ and MS;9; are determined
depending on the corrected line spread functions Lig' and
Lig7' and are substantially the same.

[0131] In step 132, the defocusing amount and the distance
to the subject are calculated using the modified signals

. MSi106 and MS;g97 by a known unit.

[0132] The ranging calculation including the signal
nodification process according to an embodiment of the
invention allows the image shapes of the corrected signals
CS106 and CSio7 to be modified, thus reducing gap-length
calculation errors due to a difference in image shape. This
can improve the gap length determination accuracy, allowing
higher-accuracy ranging.

[0133] The image modification filters Ligs' and Ligs' are

functions that change depending on the defocusing amount.
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[0134] An image modification filter may be created again
on the basis of the defoéusing amount obtained in step 132,
and the image modification filter may be used to create a
modified image to find a defocusing amount.

[0135] Creating the image modification filter on the basis
of a defocusing amount closer to a correct value reduces the
shape error of the image modification filter. This reduces
the shape error of the modified signals MS;ps and MSig97, which
- improves the accuracy of calCulation'Qf the gap length and
the defocusing amount, thus improVing the ranging accuracy.
[0136] The signal modification process is not limited to
that of this embodiment. For example, the signal
modification process may be performed by deriving inverse
functions Lige¢'-1 and Ljip7'-1 of the corrected line spread
functions Ljg7' and Lios' in Exp. 14 and Exp. 16 and by
performing convolution integral on the corrected signals
CS106 and CSig7 by the inverse functions Lige'-1 and Ligq'-1.
{0137] This description shows a process example in which
the signal modification process uses one-dimensional line
spread functions in the pupil dividing direction (x-
direction); alternatively, a two-dimensional point spread
function (x-y direction) may be used for the modification.
This allows a modification process considering a direction
(y-direction) perpendicular to the pupil dividing direction

caused by defocusing, thus allowing higher-accuracy modified
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signals to be created. Alternatively, another signal
modification process may be performed on ﬁhe basis of the
information on the exit pupil 120 and the characteristics of
the signal acquisition units.

Image-Acquisition System, AF, and Distance Image
[0138] The result of ranging of the distance measuring
apparatus 100 of an embodiment of the present invention can
be used, for example, to detect the focus of the image-
forming optical system 101. The distance measuring
apparatus 100 of an embodiment of the present invention
allows the distance to the subject to be measured at high
speed and with high accuracy, thus allowing the gap length
between the subject and the focal position of the image-
forming optical system 1oi to be determined. Controlling
the focal position of the image-forming optical system 101
allows the focal position to coincide with the subject at
high speed and with high accuracy.

[0139] Alternatively, disposing such light receiving
portions all over the imaging device 102 and calculating the
distance using signals acquired for a plurality of regions
on the imaging device 102 allows a distance image to be
acquired.

[{0140] The distance measuring apparatus 100 of an
embodiment of the present invention can constitute image

acquisition units, such as a digital still camera and a
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digital video camera, and the focus of the optical system
101 can be detected on the basis of the distance measurement
result of the distance measuring apparatus 100.

Other Configurations

[0141] Specific examples of the imaging device of the
distance measuring apparatus 100 of an embodiment of the
present invention include solid-state imaging devices, such
as a CMOS sehsor (complementary metal-oxide semiconductor
.sensér) and a chargé—coupled device (CCD) sensor.

[0142] The calculation unit 111 of the distance measuring
apparatus 100 can be constituted by an integrated circuit in
which semiconductor devices are integrated; for example, an
integrated circuit (IC), a large scale integrated circuit
(LSI), a system LSI, a microprocessing unit (MPU), and a
central processing unit (CPU).

[0143] The present invention further includes a program in
addition to the distance measuring apparatus 100.

[0144] A program according tc an embodiment of the present
invention causes a computer for calculating, in a distance
measuring apparatus including an optical system forming an
image of a subject and an imaging device acquiring an
electrical signal from a beam that has passed through an
exit pupil of the optical system, a distance to a subject by
using a first electrical signal mainly based on a beam that

has passed through a first region off the center of the exit
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pupil in a predetermined direction, a second electrical
signal mainly based on a beam that has passed through a
second region off the center of the exit pupil in a
direction opposite to the predetermined direction, and a
third electrical signal different from the second electrical
signal, the third electrical signal being based on a beam
that has passed through a region eccentric from the first
region in the direction opposite to the predetermined
direction, to execute predetermined processes.

[0145] Here, the distance measuring apparatus 100 shown in
Fig. 1C includes the optical system 101, the imaging device
102, the calculation unit 111, and the recording unit 112.
{ol146] The calculation unit 111 constituted by a
microprocessing unit, a central processing unit, or the like
can be regarded as a computer.

[0147] A program according to an embodiment of the present
invention causes the computer corresponding to the
calculation unit to execute a signal correction process for
generating a first corrected signal by subtracting the third
electrical signal from the first electrical signal in a
predetermined broportion and a distance calculation process
for calculating the distance by using the first corrected
signal.

[0148] The program according to an embodiment of the

present invention allows a distance measuring apparatus or
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an image-acquisition unit to perform high-accuracy ranging
by being installed in a computer of a distance measuring
apparatus or an image-acquisition unit, such as a camera,
including a predetermined image-forming optical system, a
predetermined imaging device, and the computer.

[0149] The program of an embodiment of the present
invention can be distributed via the Internet, in addition
to a recording medium.

[0150] Embodiments of the present invention can also be
realized by a computer of a system or apparatus that reads
out and executes computer executable instructions recorded
on a storage medium (e.g., non-transitory computer-readable
storage medium) to perform the functions of one or more of
the above-described embodiments of the present invention,
and by a method performed by the computer of the system or
apparatus by, for example, reading out and execﬁting the
computer executable instructions from the storage medium to
perform the functions of one or more of the above-described
embodiments. The computer may comprise one or more of a
central processing unit (CPU), microprocessing unit (MPU),
or other circuitry, and may include a network of separate
computers or separate computer processors. The computer
executable instructions may be provided to the computer, for
example, from a network or the storage medium. The storage

medium may include, for example, one or more of a hard disk,
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a random-access memory (RAM), a read only memory (ROM), a
storage of distributed computing systems, an optical disk
(such as a compact disc (CD), digital versatile disc (DVD}),
or Blu-ray Disc (BD)™), a flash memory device, a memory card,
and the like.

[0151] The present invention will be described in detail
below with reference to specific examples.

First Embodiment

[0152] - Example configurations of signal acquisition units
of the distance measuring apparatus 100 according to a first
embodiment of the present invention will be shown in Fig. 6.
[0153] In Fig. 6, the light receiving portions 106 and 107
are configured such that a microlens 210 is provided in the
pixel 103 and photoelectric conversion sections 206 and 207
are provided in a substrate 201 formed of a semiconductor or
the like.

[0154] The light receiving portions 108 and 109 are
configured such that a microlens 211 is provided in each of
the pixels 104 and 105, and photoelectric conversion
sections 208 and 209 are provided in the semiconductor
substrate 201, respectively. The pixels 103 to 105 each
include a reading unit (not shown) that outputs electrical
charge, as electrical signals, accumulated in the individual
light receiving portions 106 to 109 to the distance

calculation unit 111.
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[0155] Beams that have passed through the exit pupil 120
and are incident on the light receiving portions 106 to 109
pass through the microlens 210 or 211 and are guided to the
photoelectric conversion sections 206 to 209, respectively.
[0156] In the light receiving portions 106 and 107, beams
202 and 203 that have passed through the pupil divided
regions 106d and 107d having different exit pupils 120 (Fig.
2B) are particularly efficiently received by the
photoelectric conversion section 206 and the photeelectric
conversion section 207, respectively.

[0157] This configuration can easily achieve the light
receiving portions 106 and 107 having the high-sensitivity
pupil divided regions 106d and 107d (Fig. 2B) that are
eccentric in different directions on the exit pupil 120 (Fig.
1A).

[0158] The light receiving portions 108 and 109
efficiently receive beams 204 and 205 that have passed
through the pﬁpil divided regions 108d and 109d in the
vicinity of the center of the exit pupil 120 (Fig. 2B) with
photoelectric conversion sections 208 and 209, respectively.
[0159] This configuration can easily achieve the light
receiving portions 108 and 109 that mainly receive beams
coming from the pupil divided regions 108d and 109d
eccentric from the pupil divided regions 106d and 107d in

the opposite direction, respectively. This configuration
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can easily achieve the light receiving portions 108 and 109
having higher sensitivity than the light receiving portions
106 and 107. Adjusting the curvatures of the microlens 210
and 211 and the distances to the photoelectric conversion
sections 206 to 209 allows control of the angle
characteristics and the pupil divided regions 106d to 109d
of the light receiving portions 106 to 109. This
configuration allows ranging signals to be obtaihed from the
light receiving portions 106 and 107 and correcting signals
to be obtained from the light receiving portions 108 and 109,
and the distance to be calculated by the distance
calculation unit 111 described above.

- [0160] In the distance measuring apparatus 100 of an
embodiment of the present invention, the configuration in
which a plurality of photoelectric conversion sectibns are
disposed in a pixel, like the pixel 103, allows beams to be
received with high sensitivity by the photoelectric
conversion sections 206 and 207, thus allowing high-quality
image signals to be acquired. The signals acquired by the
light receiving portions 108 and 109 can be used as image
signals for the pixels 104 and 105, respectively.

[0161] Other example configurations of the light receiving
portions 106 to 109 constituting the distance measuring
apparatus 100 of the first embodiment will be shown in Figs.

7A and 7B.
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[0162] Referring to Fig. 7A, the light receiving portions
106 and 107 are disposed in different pixels 220 and 221,
respectively.

[0163] The light receiving portions 106 and 107 each
include the microlens 210, a photoelectric conversion
section 222 or 223, and a light shield 224 or 225. The
light receiving portions 108 and 109 have the same
configuration as that in Fig. 6. The pixels 222 and 223
each include a reading unit (not shown) that outputs
electrical charge, as electrical signals, accumulated in the
light receiving portions 106 and 107 to the distance
calculation unit 111.

[01l64] The photoelectric conversion sections 222 and 223
of the light receiving portions 106 and 107 receive beams
that have passed through the exit pupil 120. The light
receiving portion 106 blocks the beam 203 and mainly
receives the beam 202. The light receiving portion 107
blocks the beam 202 and mainly receives the beam 203.

[0165] This configuration allows the ranging signals
signal Sip¢ and Sip7 to be acquired. The correcting signals
Si0s and Sjpe can be acquired by the light receiving portions
108 and 109, respectively, as in the above.

[01l66] Using these signals allows‘high—accuracy ranging
with the above-described method. This configuration can

increase the distance between the photoelectric conversion
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sections 222 and 223, thus making it easy to manufacture the
light receiving portions 106 and 107 of an imaging device
having small pixels. |
Waveguide Type

[0167] The pixels 103 to 105 constituting the distance
measuring apparatus 100 may each include a waveguide shown
in Fig. 8.

fo1e68] The pixels 103 to 105 each include a waveguide
composed of a core 230 and a clad 231 at the light incident
side (+z side) of the substrate 201. The pixel 103 includes
the photoelectric conversion sections 206 and 207. The
pixels 104 and 105 include the photoelectric conversion
sections 208 and 209, respectively. The pixels 103 to 105
each include a reading unit (not shown) that outputs
electrical charge, as electrical signals, accumulated in the
light receiving portions 106 to 109 to the distance
calculation unit 111.

[0169] The core 230 and the clad 231 are formed of a
transparent material having an imaging wavelength range.

The core 230 is formed of a material having a higher
refractive index than that of the clad 231.

[0170] This allows light to be enclosed and propagated in
the core 230. The beams that have passed through the exit
pupil 120 and are incident on the individual pixels 103 to

105 propagate through the waveguides to the photoelectric
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conversion sections 206 to 2009.

[0171] In the pixel 103, the beam 202 is particularly
efficiently received by the photoelectric conversion section
206, and the beam 203 is particularly efficiently received
by the photoelectric conversion section 207. In the pixels
- 104 and 105, the beams 204 and 205 are efficiently received
by the photoelectric conversion sections 208 and 2009,
respectively.

[0172] | This configuration allows incident light to be
efficiently received also with an imaging device haVing
small pixel size.

[0173] Alternatively, a back-illuminated type in which a
waveguide composed of a core and a clad is provided in the
substrate 104 is possible.

[0174] This configuration allows light incident from the
back of the substrate 104 (light propagating in the +z
direction) to be detected. Wires and so on can be disposed
on the front of the substrate 104, thus preventing
interference with propagation of incident light due to the
wires and so on. Furthermore, this configuration reduces
spatial restriction due to the wires and so on, thus
allowing incident light to be efficiently guided to the
photoelectric conversion sections 206 to 209.

Second Embodiment

[0175] An example configuration of a signal acquisition
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unit of the distance measuring apparatus 100 according to a
second embodiment will be shown in Figs. S9A to 9C.

[0176] In Fig. 9A, an imaging device 200 includes the
pixels 103 each including the light receiving portion 106
and the light receiving portion 107.

[0177] The light receiving portions 106 and 107 have the
same configuration as shown in Fig. 6.

[0178] The pixels 103 each include a reading unit (not
shown) that converts electrical charge accumulated in the
light receiving portions 106 and 107 to electrical signals
and outputs the signals to the distance calculation unit 111
(Fig. 1C).

[0179]  The second embodiment uses the electrical signals
acquired by the light receiving portions 106 and 107 as the
ranging signals Sips and Sig7-

[0180] Figs. 9B and 9C are diagrams showing the angle
characteristics of the light receiving portions 106 and 107
and the pupil divided regions 106d and 107d on the exit
pupil 120.

[0181] The light receiving portions 106 and 107 generate a
signal (in the second embodiment, referred to as an added
signal S;s0) based on a beams that has mainly passed through
a region 250d including the pupil divided regions 106d and
107d. For example, the added signal Szso is generated by

adding the ranging signals Sjgs and Sip7 acquired by the light
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receiving portions 106 and 107, respectively. Alternatively,
the added signal S;s0 is generated by the reading unit on the
basis of the amount of electrical charge accumulated in the
light receiving portions 106 and 107. The added signal Sjsp
is used as a correcting signal of the ranging signal Sips or
S107-

[0182] Ranging by the above method using these signals
allows a low-luminance subject to be measured with high
accuracy.

[0183] The pupil region 250d has its center of gravity
250ga between the centers of gravity 106ga and 107ga of the
pupil divided>regions 106d and 107d.

[0184] The pupil region 250d is a region eccentric to the
direction opposite to the eccentric direction of the pupil
region 106d in which the added signal S%o.can be used as a
correcting signal for the ranging signal Sips. The pupil
region 250d is also a region eccentric to the direction
opposite to the eccentric direction of the pupil region 1074,
in which the added signal S;so can be used as a correcting
signal for the ranging signal Sjp7.

[0185] The added signal Szps includes the signal components
of the ranging signals Sjp¢ and Sig7, that is, twice the
ranging signals Sip6 and Sip7. The noise component thereof is
smaller than the twice, because the random noises of the

ranging signals Sios and S;g7 are averaged. In other words,
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the S/N ratio of the added signal Szso is higher than the S/N
ratios of the individual signals Sig¢ and Sip7.

[0186] Using such a correcting signal for the signal
correction process can suppress a drop in the S/N ratios of
the corrected signals, thus allowing high-accuracy ranging
of a low-luminance subject, as in the above.

[0187] Generating the signals from the electrical signals
Si06 and Sig7 acguired by the light receiving portions 106 and
107 eliminates the need fbr a light receiving portion for
acquiring a correcting signal, thus simplifying the
configuration.

[0188] Furthermore, this configuration allows the ranging
signals Sjps and Sig7 and the correcting signal Szso to be
acquired at the same pixel, and errors in the corrected
signal CSjp¢ and CSig7 to be reduced for the above reason,
thus allowing higher-accuracy ranging.

[0189] Disposing such pixels 103 all over the imaging
device 102 allows a high-resolution and high-accuracy
distance image and a high-quality imaée to be acquired at
the same time.

[0190] In the distance measuring apparatus 200 of the
second embodiment of the present invention, the
configuration of the light receiving portions 106 and 107 is
not limited thereto.

[0191)] The pixels 220 and 221 shown in Figs. 7A and 7B or
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the pixel 103 shown in Fig. 8 may be disposed all over the
imaging device 102, and the electrical signals acquired by
the light receiving portions 106 and 107 included in the
pixels 220 and 221 or the pixels 103 to 105 may be used as
ranging signals and correcting signals. This can provide
the same advéntages as those described above.

Third Embodiment

[0192] Example configurations of signal acquisition units
of the distance measuring apparatus 100 according to a third
embodiment will be shown in Fig. 10.

[0193] An imaging device 300 shown in Fig. 10 includes
pixels 220 and the pixels 104. The pixels 220 each include
the light receiving portion 106, and the pixels 104 each
include the light receiving portion 108.

[0194] The angle characteristics and the pupil divided
regions 106d and 108d 6f the light receiving portions 106
and 108 are the same as above. The pixels 220 and 104 each
include a reading unit (not shown) that outputs electrical
charge, as electrical signals, accumuléted in the light
receiving portions 106 and 108 to the distance calculation
unit 111.

[0195] The third embodiment uses a signal acquired by the
light receiving portion 106 (first light receiving portion)
as the ranging signal Sjp¢ (first electrical signal) and a

signal obtained by subtracting the ranging signal Sip¢ from a
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signal acquired by the light receiving portion 108 as the
ranging signal S;p7 (second electrical signal). The third
embodiment uses thé signal acquired by the light receiving
portion 108 as a correcting signal for the ranging signal
S106 Or Sip7. Thus, the light receiving portion 108 can be
referred to as a fifth light receiving portion.
[0196] Ranging by the above method using these signals
allows a low-luminance subject to be measured with high
accuracy. The light receiving portion 108 is configured to
receive beams more than the light receiving portion 106 to
have high sensitivity, as described above, thus allowing
corrécting signals having a high S/N ratio to be acquired.
[0197] Such a configuration can reduce the number of light
receiving portions for acquiring ranging signals and
correcting signals, thus simplifying the configuration of
the imaging device 102. In particular, ‘using the light
receiving portion 108 having higher sensitivity than the
light receiving portion iO7 can improve the quality of the
signals, thus enhancing the image quality, as compared with
the configuration in Figs. 7A and 7B.
Reference Signs List
[0198] 100 distance measuring apparatus

101 optical system

102 imaging device

111 calculation unit
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120 exit pupil

[0199] While the present invention has been described with
reference to exemplary embodiments, it is to be understood
that the invention is not limited to the disclosed exemplary
embodiments. The scope of the following claims is to be
accorded the broadest interpretation so as to encompass all
such modifications and equivalent structures and functions.
[0200] This application claims the benefit of Japanese
Patent Application No. 2012-248624, filed November 12; 2012,

which is hereby incorporated by reference herein in its

entirety.
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CLAIMS

[1] A distance measuring apparatus comprising:

an optical system forming an image of a subject;

an imaging device acquiring an electrical signal from a
beam that has passed through an exit pupil of the optical
system; and

a calculation unit calculating a distance to the
subject on the basis of the electrical signal,

wherein the imaging device includes a signal
acquisition unit acquiring

a fifst electrical signal mainly based on a beam
that has passed through a first region off the center of the
exit pupil in a predetermined direction;

a second electrical signal mainly based on a beam
that has passed through a second region off the center of
the exit pupil in a direction opposite to the predetermined
direction; and

a third electrical signal different from the second
electrical signal on the basis of a beam that has passed
through a region eccentric from the first region in the
direction opposite to the predetermined direction, and

wherein the calculation unit performs a signal
correction process for generating a first corrected signal
by subtracting the third elect;ical signal from the first

electrical signal in a predetermined proportion and a
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distance calculation process for calculating the distance by
using the first corrected signal.
[2] The distance measuring apparatus according to Claim 1,
wherein, in the signal correction process, the first
corrected signal is generated on the basis of Exp. 3,
S1' = 81 - aSs (Exp. 3)
where S;' is the first corrected signal, S; is the first
electrical signal, S3 is the third electrical signal, and a
is a correction factor that is a real number in the range of
Exp. 7,
0 < a £min[T;(p)/T3(p)] (Exp. 7)
where p is coordinates on the exit pupil and T; and T3 are
the ratios of beams incident on the signal acquisition unit
from the coordinate positions on the exit pupil to the first
and thifd electrical signals converted therefrom,
respectively.
[3] The distance measuring apparatus according to Claim 1
or 2, wherein

the signal acquisition unit further acquires a fourth
electrical signal different from the first electrical signal
mainly on the basis of a beam that has passed through a
region eccentric from the second region to the predetermined
direction;

in the sigﬁal correction process, a second corrected

signal is further generated by subtracting the fourth
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electrical signal from the second electrical signal in a
predetermined proportion; and

in the distance calculation process, the distance is
calculated using the first corrected signal and the second
corrected signal.
[4] The distance measuring apparatus according to Claim 3,
wherein, in the signal correction process, the second
corrected signal is generated on the basis of Exp. 5,
S2' = S, - BSy (Exp. 5)
where S;' is the second corrected signal, S, is the second
eiectrical éignal, S4 is the fourth electrical signal, and B
is a correction factor that is a real number within the
range of Exp. 9,
0 < B £min[T,(p)/Ta(p)] (Exp. 9)
where p is .coordinates on the exit pupil and T, and T. are
the ratios of beams incident on the signal acquisition unit
from the coordinate positions on the exit pupil to the
second and fourth electrical signals converted therefrom,
respectively.
[5] The distance measuring apparatus according to Claim 3,
wherein

the third electrical signal is a signal having a higher
S/N ratio than the S/N ratio of the second electrical
signal; and

the fourth electrical signal is a signal having a



WO 2014/073401 PCT/JP2013/079060
52

higher S/N ratio than the S/N ratio of the first electrical
signal.

[6] The distance measuring apparatus according to Claim 3,
wherein the signal acquisition unit includes firét, second,
third, and fourth light receiving portions that acquires the
first, second, third, and fourth electrical signals,
respectively.

[7] The distance measuring apparatus according to Claim 1,
wherein the third electrical signal is an electrical signal
different from the second electrical signal, the third
electrical signal being acquired mainly on the basis of,
among beams that have passed through a pupil region through
which a beam corresponding to the first electrical signal
passes, a beam that has passed through the region eccentric
from the first region in the direction opposite to the
predetermined direction.

[8] The distance measuring apparatus according to Claim 3,
wherein the fourth electrical signal is an electrical signal
different from the first electrical signal, the fourth
electrical signal being acquired mainly on the basis of,
among beams that have passed through a pupil region through
which a beam corresponding to the second electrical signal
passes, a beam that has passed through the region eccentric
from the second region to the predetermined direction.

[9] The distance measuring apparatus according to Claim 3,
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wherein

the signal acquisition unit includes first and second
light receiving portions acquiring the first and second
electrical signals, respectively; and

the third and fourth electrical signals are generated
by the first and second light receiving portions mainly on
the basis of beams that have passed through the first region
and the second region, respectively.
[10] The distance measuring apparatus according to Claim 3,
wherein

the signal acquisition unit includes a first light
receiving portion and a fifth light receiving portion;

the third and fourth electrical signals are acquired by
the fifth light receiving portion;

the first electrical signal is acquired by the first
light receiving portion; and

the second electrical signal is a signal generated by
subtracting the first electrical signal from the electrical
signal acquired by the fifth light receiving portion.
[11] The distance measuring apparatus according to Claim 6,
wherein

the imaging device includes a plurality of pixels
having the light receiving portions; and

the light receiving portions are disposed in three

adjacent pixels.
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(12] The distance measuring apparatus according to Claim 3,
wherein

the calculation unit further performs a corrected-base-
length calculation process for calculating a corrected base
length on the basis of regions on the exit pupil through
which beams corresponding to the first and second corrected
signals pass; and

in the distance calculation process, the distance is
calculated using the correct base length and the corrected
signal.
[13] The distance measuring apparatus according to Claim 4,
wherein the signal correction process includes a correction-
factor adjusting process for adjusting the correction
factors depending on the shape of the exit pupil, the
distance between the exit pupil and the imaging device, or
positions on the imaging device.
[14] The distance measuring apparatus according to Claim 4,
wherein

the calculation unit further performs a signal
modification process for generating first and second
modification filters expressed by Exp. 15 and Exp. 17 and
performing convolution integral of the first corrected
signal and the second modification filter and convolution
integral of the second corrected signal and the first

modification filter to generate a first modified signal and
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a second modified signal, respectively; and

the distance calculation process is a process for
calculating the distance by using the first modified signal
and the second modified signal instead of the first |
corrected signal and the second corrected signal,
L' = Ly - olj (Exp. 15)
L' = L, - BLg (Exp. 17)
where L;' and L,' are the first and second modification
filters, L;, Lz, L3, and L, are line spread functions
determined depending on the signal acquisition units for the
first, second, third, and fourth signals and the optical
system, and a and B are the correction factors.
[15] An image acquisition unit comprising the distance
measuring apparatus according to any one of Claims 1 to 14.
[16] The image acquisition unit according to Claim 15,
wherein the distance measuring apparatus detects the focus
of the optical system on the basis of the result of distance
measurement of the distance measuring apparatus.
[17] The image acquisition unit according to Claim 15,
wherein the image acquisition unit acquires a distance image
by using the dis;ance measuring apparatus.
[18] A method for measuring a distance, comprising the steps
of:

acquiring a first electrical signal mainly based on a

beam that has passed through a first region off the center
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of an exit pupil of an optical system in a predetermined
direction;

acquiring a second electrical signal mainly based on a
beam that has passed through a second region off the center
of the exit pupil in a direction opposite to the
predetermined direction;

acquiring a third electrical signal different from the
second electrical signal on the basis of a beam that has
passed through a region.eccentric from the first region in
the direction opposite to the predetermined direction;

generating a first corrected signal by subtracting the
third electrical signal from the first electrical signal in
a predetermined proportion; and

calculating the distance by using the first corrected
signal.
[19] A program for causing a computer for calculating, in a
distance measuring apparatus including an optical system
forming an image of a subject and an imaging device
acquiring an electrical signal from a beam that has passed
through an exit pupil of the optical system, a distance to a
subject by using a first electrical signal mainly based on a
beam that has passed through a first region off the center
of the exit pupil in a predetermined direction, a second
electrical signal mainly based on a beam that has passed

through a second region off the center of the exit pupil in
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a direction opposite to the predetermined direction, and a
third electrical signal different from the second electrical
signal, the third electrical signal being based on a beam
that has passed through a region eccentric from the first
region in the direction opposite to the predetermined
direction, to execute a signal correction process for
generating a first corrected signal by subtracting the third
electrical signal from the first electrical signal in a
predetermined proportion and a distance calculation process
for calculating the distance by using the first corrected

signal.
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