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(57) Abstract: An image pickup lens has a focal length far from a position of a transparent member. An image pickup device is put
on the side of the transparent member the same as that of a light source and takes reflected light including regular reflection from an
interface between an adhered object on the other surface of the transparent member and air. Assuming an incident angle of the emit -
ted light on the transparent member when the light reflected in regular reflection by the other surface of the transparent member is
incident on the image pickup lens being 8s, an incident angle of a typical light beam of the emitted light falls within s - 30 deg
through s and an incident angle of a main element of the emitted light is less than 8s.
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DESCRIPTION

TITLE OF THE INVENTION
IMAGE PICKUP UNIT AND VEHICLE IN WHICH IMAGE PICKUP

UNIT IS MOUNTED

TECHNICAL FIELD
The present invention is related to an
image pickup unit that takes an image and a vehicle

in which the image pickup unit is mounted.

BACKGROUND ART

In the related art, an image processing
apparatus is known which is mounted in a vehicle such
as an automobile, detects a raindrop and monitors
surroundings of the vehicle. 1In such an image
processing apparatus, an image pickup unit that takes
an image is mounted.

For example, there 1s an image processing
apparatus that includes a lens that can have a first
focal length for a short distance for taking an image
of a raindrop that has adhered to a vehicle and a
second focal length for a long distance for taking an
image of surroundings of the vehicle; a camera part

that switches between the first focal length and the
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second focal length; a raindrop detection part that
detects whether there is a raindrop based on an image
taken by the.camera part with the first focal length;
and a monitoring part that monitors surroundings of
the vehicle based on an image taken by the camera
part with the second focal length. In this image
processing apparatus, the camera part corresponds to
an image pickup unit (for example, see Japanese Laid-
Open Patent Application No. 2005-225250 kPatent
Reference No. 1)). |

However, the image pickup unit (camera
part) of the Patent Reference No. 1 uses the bifocal
lens, focuses the lens on a raindrop when detecting
the raindrop that has adhered to the windshield
surface and focuses the lens on surroundings of the
vehicle when detecting the vehicle surrounding
information. Thus, when a raindrop is detected while
the lens is focused on a windshield surface, it may
be difficult to extract an area of the raihdrop
because the contrast between the raindrop and the
background may be included in an image of the
raindrop and also a position of a bright spot may be
moved according to a position of a light source.

That is, according to the image pickup unif

(camera part) of the Patent Reference No. 1, it may



WO 2013/065765 PCT/JP2012/078266

10

15

20

25

be difficult to take an image of a raindrop that has
adhered to a windshield surface and vehicle
surrounding information that is far from the position
of the windshield in the respective suitable

conditions.

SUMMARY OF INVENTION

An image pickup unit includes a light
source that emits light toward a transparent member
from a side of one surface of the transparent member;
an image pickup lens having a focal length that is
set far from a position of the transparent member; én
image sensor that includes plural pixels arranged
two-dimensionally; and an image pickup device that is
put on the side of the transparent member the same as
that of the light source. The image pickup device
takes an image of reflected light that includes
regular reflection of the emitted light reflected by
an interface between an adhered object that adheres
to the other surface of the transparent member and
air by the image sensor. The light source is set in
a position such that in a case where an incident
angle of the emitted light on the transparent member
when the light reflected in a regular reflection

manner by the other surface of the transparent member
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is incident on the image pickup lens is fs, an
incident angle of a typical light beam of the emitted
light on the transparent member falls within a range
@s - 30 deg through 6s and an incident angle of a
main element of the emitted light on the transparent
member is less than 8s.

Other objects, features and advantages of
the present invention will become more apparent from
the following detailed description when read in

conjunction with the accompanying drawings.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 shows a schematic diagram
illustrating a general configuration of an image
processing apparatus 10 according to a first
embodiment;

FIG. 2 shows a séhematic diagram
illustrating a part of FIG. 1 in a magnifying manner;

FIG. 3 illustrates pickup image data for
raindrop detection in a case where an image pickup
lens 41 is focused on a raindrop 102; |

FIG. 4 illustrates pickup image data for
raindrop detection in a case where the image pickup
lens 41 is focused to infinity;

FIG. 5 illustrates detection of a bright
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point of a raindrop;.

FIG. 6 shows a side view illustrating an
arrangement of a light source 30 and the image pickup
device 40;

FIG. 7 illustrates a relationship between
an angle of elevation 6 of the light source 30 and
an image pickup amount of reflected light;

FIG. 8 shows a side view illustrating a
problem of a reduction in SN;

FIGs. 9A-9B show side views illustrating
measures to solve the problem of a reduction in SN;
| FIG. 10 shows a side view illustrating

scattered light;

FIG. 11 illustrates optical spots, images
of which are taken;

FIG. 12 illustrates a polarization filter
layer;

FIG. 13 illustrates another arrangement of
the light source 30 and the image pickup device 40;

FIG. 14 illustrates another relationship

between the angle of elevation 8 of the light source

30 and the image pickup amount of reflected light;

FIG. 15 shows a side view illustrating an
example using both the respective arrangements of the

light source 30 and the image pickup device 40 of



WO 2013/065765 PCT/JP2012/078266

10

15

20

25

FIGs. 6 and 13;

FIG. 16 illustrates optiéal spots, images
of which are taken;

FIG. 17 shows a side view illustrating yet
another arrangement cf the light source 30 and the
image pickup device 40;

FIG. 18 illustrates an optical spot, an
image of which is taken:; |

FIG. 19 shows a side view illustrating a
configuration of emitting plural beams of light from
the single light source 30 to a windshield 101;

"FIG. 20 shows a side view illustrating a
placement of the light source 30 in consideration of
the angle of view of the imége pickup device 40;

FIG. 21 shows a plan view illustrating the
placement of the light source 30 in consideration of
the angle of view of the image pickup device 40;

FIG. 22 illustrates a relationship between
an emitting angle OLS of the light source 30 and an
image pickup amount of reflected light;

FIG. 23 shows another plan view
illustrating a placement of the light source 30 in
consideration of the angle of view of the image
pickup device 40; |

FIG. 24 shows a side view illustrating an
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example of providing a turning mirror 35;

FIG. 25 shows a view of an optical filter
42 viewed from the side of a sensor substrate 44;

FIG. 26 shows a view of a surface of an
image sensor 43 opposite to the optical filter 42
viewed in a see—through.manner from the side of the
sensor substrate 44;

FIG. 27 illustrates a correspondencé of
positional relationship between the optical filter 42
and the image sensor 43 according to the first
embodiment;

FIG. 28 shows a sectional view taken élong
an A-A line of FIGs. 25 and 26;

FIG. 29 illustrates a polarizer formed to
have a wire grid structure;

FIG. 30 illustrates transmittance
characteristics of a spectral filter layer 49a;

FIG. 31 illustrates transmittance
characteristics of spectral filter layers 49b;

FIG. 32 illustrates transmittance
characteristics obtained from combining the spectral
filter layers 49a and 49b;

FIG. 33 illustrates other transmittance
characteristics of the spectral filters layer 49b;

FIG. 34 illustrates a multilayer film
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configuration of the spectral filter layer 49a that
realizes the characteristics shown in FIG. 30;

FIG. 35 illustrates transmittance
characteristics of the multilayer film configuration
shown in FIG. 34;

FIG. 36 illustrates a multilayer film
configuration of the spectral filter layer 49b that
realizes the characteristics shown in FIG. 31;

FIG. 37 illustrates transmittance
characteristics of the multilayer film configuration
shown in FIG. 36;

FIG. 38 illustrates a multilayer film
configuration of the spectral filter layer 49b that
realizes the characteristics shown in FIG. 33;

FIG. 39 illustrates transmittance
characteristics of the multilayer film configuration
shé@n in FIG. 38;

FIG. 40 illustrates another multilayer film
configuration of the spectral filter layer 49b that
realizes the characteristics shown in FIG. 33;

FIG. 41 schematically shows an example of a
pickup image;

| FIG. 42 illustrates light beams concerning
raindrop detection and vehicle detection;

FIGs. 43A and 43B illustrate pickup images;
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FIG. 44 shows a view of an optical filter
427 according to a first variant of a first
embodiment viewed from the side of the sensor
substrate 44;

FIG. 45 illustrates a correspondence of
positional relationship between the optical filtei
42A and the image sensor 43 according to the first
variant of the first embodiment;

FIG. 46 shows a sectional view taken along
a B-B line of FIG. 44;

FIG. 47 shows a sectional view taken along
a C-C line of FIG. 44;

FIG. 48 shows a view of an optical filter
42B according to a second variant of the first
embodiment viewed from the side of the sensor
substrate 44;

FIG. 49 illustrates a correspondence of
positional relationship between the optical filter
42B and the image sensor 43 according to the second
variant of the first embodiment;

FIG. 50 shows a sectional view taken along
a D-D line of FIG. 48;

FIG. 51 shows a sectional view taken along
an E-E line of FIG. 48;

FIG. 52 shows a view of an optical filter
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42C according to a third variant of the first

embodiment viewed from the side of the sensor

_subétrate 44;

FIGs. 53, 54, 55, 56, 57 and 58 jillustrate
aperture limiting parts; and

FIG. 59 schematically shows a general
configuration of an in-vehicle equipment control
system including an image processing apparatus

according to the first embodiment.

DESCRIPTION OF EMBODIMENTS

Below, the embodiment and the variants
thereof will be described using figures. In each
figure, the same reference numerals will be given to
the same elements, and duplicate descriptions may be
omitted.

It is noted that in the embodiment and the
variants thereof described below, examples will be
described in which an image processing apparatus is
mounted which uses an image pickup unit in a vehicle
such as an automobile and takes an image of an
adhered object such as a raindrop that has adhered to
a windshield of the vehicle or vehicle surrounding

information such as a headlight of another vehicle.

LA
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[First Embodiment]

FIG. 1 is a schematic diagram illustrating
a general configuration of an image processing
apparatus 10 according to a first embodiment. FIG. 2
is a schematic diagram illustrating a part of FIG. 1
in a magnifying manner. As shown in FIGs. 1 and 2,
the image processing apparatus 10 includes an image
pickup unit 20 and an image analysis unit 50. It is
noted that the reference numeral 101 denotes a
windshield pf a vehicle and the reference numeral 102
denotes a raindrop that has adhered to the outer wall
surface the windshield 101. It is noted that the
windshield 101 is a typical example of a transparent
member. The raindrop 102 is a typical example of an
adhered object.

The image pickup unit 20 is installed, for
example, near the windshield 101 of the wvehicle (for
example, around the rearview mirror (not shown)). It
is also possible to install the image pickup unit 20
near the windshield 101, for example, in a state of
being covered by a transparent cover 103 that is
transparent at least on the side of the wihdshieid
101.

Further, it is also possible to cause the

‘cover 103 that has an opening on the side of the
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windshield 101 to fit onto the windshield 101, and
put (place) the image pickup unit 20 so as to be
covered by the.windshield 101 and the cover 103. 1In
this case, it i1s possible to prevent the part of the
windshield 101 covered by the cover 103 from being
fogged although in a state of the inner wall surface
of the windshield 101 being fogged. As a result, it

is possible to prevent the image analysis unit 50

from carrying out an erroneous analysis due to the

windshield 101 being fogged, and it is possible to
appropriately carry out various sorts of control
operations based on the analysis results of the image
analysis unit 50. -
However, in a case where it is to be
detected that the windshield 101 has been fogged and

air-conditioning equipment of the occupant vehicle is

controlled, an air flow path may be provided in- the

cover 103 such that the part of the windshield 101

which faces the image pickup unitv20 will have the
same condition as the other part.

The image pickup unit 20 includes a light
source 30 and an image pickup device 40. The light
source 30 is provided for detecting an adhered object

that has adhered to the windshield 101, and has a

function of emitting light toward the windshield 101
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from the side (the inner wall surface) of one surface
of the windshield 101. The 1light source 30 is
provided at a position such that it is possible to
emit light at least to an adhered object detection
image area (raindrop detection image area) defined
for detecting an adhered object that has adhered to
the windshield 101.

For example, in a case where the adhered
object detection image area is a lower end part of
the windshield 101, the light source 30 is provided
at a position such as to be able to emit light at
least to the lower end part of the windshield 101.

In a case where the adhered object detection image
area is an upper end part and a lower end part of the
windshield 101, the light source 30 is provided at a
position such as to be able to emit light at least to
the upper end part and lower end part of the
windshield 101. 1In a case where the adhered object
detection image area is the entire surface of the
windshield 101, the light source 30 is provided at a
position such as to be able to emit light at least to
thé entire surface of the windshield 101. It is also
possible to provide plural of the light sources 30 in
order to positively emit light to the adhered object

detection image area.
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As the light source 30, for example, a
light emitting diode (LED), a semiconductor laser
(LD} or the like may be used. As the oscillation
wavelength, for example, visible light, infrared
light or the like may be used.

| However, it is necessary to prevent the
light of the light socurce 30 from dazzling the driver
of an oncoming vehicle, a pedestrian or the like.
Thus, it is preferable to select a range of
wavelength (for example, wavelengths of the infrared
light area greater than or equal to 800 nm and less
than or equal ‘to 1000 nm) which is longer than the
visible light and detectable by the light receiving
sensitivity of an image sensor 43 described later.
Hereinafter, description will be made for an example
of the light source 30 that emits light having
wavelengths of the infrared light area.

It is noted that emitted light of the light
source 30 may be preferably approximately parallel
light. It is possible to generate parallel light by
providing a collimator lens or the like immediately
subsequent to the light source 30. Thus, the light
source 30 may include an element(s) such as a lens
and/or the like for adjusting a mode or a form of the

emitted light.
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The image pickup device 40 is provided on
the same side as that of the light source 30 with
respect to the windshield 101, and has a function of
taking an image of reflected light of light emitted
to a raindrop 102 by the light source 30 or incident
light from the outside of the occupant vehicle.
According to the first embodiment, the image pickup
device 40 is put in such a manner that the optical
axis of an image pickup lens 41 extends along a
horizontal direction (X-direction). However, it is
not necessary to limit thereto. The light source 30
is putvin a position such that reflected light of
light emitted to a raindrop 102 from the light source
30 will be incident on the image pickup device 40..

The image pickup device 40 includes the
image pickup lens 41, an optical filter 42, the image
sensor 43, a sensor substrate 44 and a signal
processing part 45. The image pickup lens 42
includes, for example, plural lenses, and has a focal
point that is set far from the position of the
windshield 101. The focal position of the image
pickup lens 41 may be set, for example, to infinity
or betweén infinity and the windshield 101.

The optical filter 42 is put subsequent to

the image pickup lens 41, and has a function of
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limiting a band of wavelengths of light incident on
the image sensor 43. The image sensor 43 includes
plural pixels that are arranged two-dimensionally for
receiving light that has passed through the optical
filter 42, and has a function of carrying out
photoelectric conversion on incident light for each
pixel. The image sensor 43 is mounted on the sensor
substrate 44. It is noted that in FIG. 6 and so
forth described later, the respective pixels of the
image sensor 43 are shown in a simplifying manner.
However, actually, the image sensor 43 includes the
pixels arranged two-dimensionally and the number of
pixels is on the order of hundreds of thousands.

As the image sensor 43, for example, a
charge coupled device (CCD), a complementary metal
oxide semiconductor (CMOS) or the like may be used.
Microlenses or the like may be provided corresponding
to the respective pixels on the incident side of the
image sensor 43, and thus, the light condensing
efficiency for the image sensor 43 may be improved.

The signal processing part 45 has a
function of converting an analog electric signal
(incident amounts of light of the respective pixels
of the‘image sensor 43) which is output from the

sensor substrate 44 after undergoing the
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photoelectric conversion by the image sensor 43 into
a digital electric signal which is referred to as
pickup image data. Thus, the signal processing part
45 generates the pickup image data. The signal
processing part 45 is electrically connected to the
image analysis unit 50.

Light emitted by the light source 30 to a

raindrop 102 that has adhered to the outer wall

"surface of the windshield 101 is reflected by the

interface between the raindrop 102 and the air, and
is incident on the image sensor 43 via the image
pickup lens 41 and the optical filter 42. The light
that is thus incident on the image sensor 43 is then
converted by the image sensor 43 into an electric
signal that corresponds to the light intensity.

When the electric signal (analog signal) is
thus input from the image sensor 43 via the sensor
substrate 44, the signal prdcessing part 45 outputs
based on the input electric signal the digital signal
(pickup image data) that indicates brightness of each
pixel of the image sensor 43 together with image
horizontal and vertical synchronization signal; to
the subsequent image analysis unit 50.

The image analysis unit 50 has a function

of controlling the image pickup device 40 and a
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function of analyzing the pickup image data
transmitted from the image pickup device 40.
Specifically, the image analysis unit 50 has a
function of calculating optimum exposure amounts of
the respective image pickup areas of the image sensor
43 from the pickup image data transmitted from the
image pickup device 40, and setting the optimum
exposure amounts (adjusting the exposure periods of
time to the optimum ones) for the respective image
pickup areas of the image sensor 43.

Further, the image analysis unit 50 has a
function of detecting from the pickup image data

transmitted from the image pickup device 40 an

adhered object that has adhered to the windshield 101 .

such as a raindrop 102, a foreign object or the like
and detecting a detection target existing in the
image pickup area such as a white line on the road
({carriageway marking) or the like.

Further, the image analysis unit 50 has a
function of calculating, from the pickup image data
transmitted from the image pickup device 40, the
position, direction, distance and/or the like of
another vehicle that exists in front of the occupant
vehicle. Further, the image analysis unit 50 has a

function of detecting from the pickup image data
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transmitted from the image pickup device 40 a vehicle
that moves ahead of the occupant vehicle in the same
direction as that of the occupant vehicle by
identifying a taillight of the other vehicle and/or
detecting from the pickup image data transmitted from
the image pickup device 40 an oncoming vehicle that
moves.in the direction opposite to that of the
occupaht vehicle by identifying a headlight of the

other vehicle.

[Detailed Description of Image Processing Apparatus]
The image processing apparatus 10 will now

be described in more detail. First, detection of an

-adhered object which is one function of the image

analysis unit 50 will be described in detail using a
case where the adhered object is a raindrop 102 as an

example.

[Focus of Image Pickup Lens 41]

In a case where no raindrop 102 has adhered
to the outer wall surface of the windshield 101,
light emitted from the light source 30 is reflected
by the interface between the outer wall surfacé of
the windshield 101 and the open air, and the

reflected light is incident on the image pickup
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device 40. On the other hand, in a case where, as
shown in FIG. 1, a raindrop 102 has adhered to the
outer wall surface of the windshield 101, the
refractive index difference between the outer wall
surface of the windshield 101 and the raindrop 102 is
smaller than the refractive index difference between
the outer wall surface of the windshield 101 and the
open air.

Thus, the light emitted from the light
source 30 is transmitted by the interface between the
outer wall surface of the windshield 101 and the
raindrop 102 and is incident on the raindrop 102.

The light thus incident on the raindrop 102 is
reflected by the interface between the raindrop 102 ..
and the open air and the reflected light is incident
on the image pickup device‘40. Based on such a
difference caused by whether the raindrop 102 exists,
the image analysis unit 50 can detect from the pickup
image data transmitted from the image pickup device
40 whether such a raindrop 102 that has adhered to
the windshield 101 exists.

According to the first embodiment, the
focal position of the image pickup lens 41 is set to
infinity or between infinity and the windshield 101.

Thus, the image analysis part 50 can obtain
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appropriate information from the pickup image data of
the image pickup device 40 not only in a case of
detecting the raindrop 102 that has adhered to the
outer wall surfaée of the windshield 101 but also in
a case of detecting a vehicle that moves ahead of the
occupant vehicle or an oncoming vehicle or detecting
a white line.

For example, in a case of detecting a
raindrop 102 that has adhered to the outer wall
surface of the windshield 101, the shape of the image
of the raindrop 102 on the pickup image data is in
many cases a circular shape. Thus, the image
analysis unit 50 carries out a shape recognition
process of determining that a given candidate image
for a raindrop 102 is actually an image of a raindrop
102 by determining whether the candidate image for a
raindrop 102 has a circular shape.

In a case of carrying out such a shape
recognition process, the detection performance for a
raindrop 102 is improved in a case where as mentioned
above the image pickup lens 41 is focused to infinity
or betwéen infinity and the windshield 101, thus
somewhat “being out of focus” occurs and the shape
recognition rate (for a circular shape) is improved

more than a case of "“being focused on the raindrop
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102” that has adhered to the outer wall surface of
the windshield 101.

The example has been thus described using
the fact that a raindrop 102 has a circular shape and
carrying out the shape recognition process. However,
as a method requiring a lesser processing load, it is
also possible to detect adhesion of a raindrop 102 by
counting the increased amount of brightness wvalue
which increase occurs when a raindrop 102 has adhered
to the windshield 101.

When a raindrop 102 has adhered to the
windshield 101, the electric signal (analog signal)

is input to the signal processing part 45 from the

~image sensor 43 via the sensor substrate 44. Then,

from the eiectric signal that is thus input to the
signal processing part 45, the signal processing part
45 outputs the digital signal (pickup image data)
that indicates brightness of each pixel of the image
sensor 43 to the subsequent image analysis until 50
together with the image horizontal and vertical
synchronization signals.

The image analysis unit 50 carries out
raindrop detecting image processing. As a specific
example, the brightness values of the specific pixels

that are included in the image area defined for
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raindrop detection are increased in response to the
above-mentioned adhesion éf the raindrop 102. Then,
the increased amount is compared with a predetermined
threshold,.and, in a case of (increased amount) >
(threshold), the image analysis unit 50 outputs a
signal that indicates the detection result that a
raindrop exits. ~

FIG. 3 illustrates the pickup image data to
be used for the raindrop detection in a case where
the image pickup lens 41 is focused on the raindrop
102. FIG. 4 illustrates the pickup image.data to be
used for the raindrop detection in a case where the
image pickup lens 41 is focused to infinity. It is
noted that FIGs. 3 and 4 show examples of cases where
infrared light is emitted to the raindrop 102 by the
light source 30.

As shown in FIG. 3, in a case where the
image pickup lens 41 is focused on the raindrop 102
that has adhered to the outer wall surface of the
windshield 101, also a background image 105 that is
reflected in the raindrop 102 is taken. Such a
background image 105 may cause erroneous detection of
the raindrop 102. Further, there is a case where
only a part 106 (having an arched shape or the like)

of the raindrop 102 has high brightness. 1In such a
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case, the shape of the part 106 having high
brightness changes due to the direction of the sun,
the position of a street light or the like. 1In order
to carry out the shape recognition process on the
image of the thus variously changing shape of the
raindrop 102, the processing load may be increased
and the recognition accuracy may be degraded.
Hereinafter, a part having brightness higher than the
surroundings may be referred to as a “bright point”.
On the other hand, as shown in FIG. 4, in a

case where the image pickup lens 41 is focused to

. infinity, somewhat “being out of focus” occurs. Thus,

the background image 105 reflected in the raindrop

~102 is not actually reflected in the pickup image

data. Thus, erroneous detection of the raindrop 102
can be reduced. Further, the somewhat “being out of
focus” results in reduction of the degree of a change
of the shape of the raindrop image which may occur
due to the direction of the sun, the position of a
street light or the like. Thus, the image of the
raindrop 102 always has an approximately circular
shape. Thus, it is possible to reduce the load of
the shape recognition process for the raindrop 102,
and also, it is .possible to improve the recognition

accuracy for the raindrop 102.
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However, such a setting of the focus of the
image pickup lens 41 may influence image pickup
characteristics for an object other than a raindrop
102. For example, the number of pixels of the image
sensor 43 which receive light from a taillight may be
on the order of one when identifying the taillight of
a vehicle that is moving ahead of the occupant
vehicle far away while the image pickup lens 41 is
focused to infinity, for example. In this case, it
may not be possible to actually recognize the
taillight, and thus, it may not be possible to detect
the vehicle that is moving ahead of the occupant
vehicle.

In order to avoid such a problem, it is
preferable to focus the image pickup lens 41 short of
infinity. Thus, a taillight of a vehicle moving
ahead of the occupant vehicle far away is out of
focus, and thus, it i1s possible to increase the
number of pixels of the image sensor 43 that receive
the light from the taillight. As a result, it is
possible to improve the recognition accuracy for the
taillight, and thus, it is possible to improve the
detection accuraﬁy for the vehicle that is moving

ahead of the occupant vehicle.
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(Detection of Bright Point]

Now, description will be made for detection
of a bright point mentioned above. FIG. 5 shows a
side view illustrating detection of a bright point of
a raindrop. A light beam 30a emitted by the light
source 30 1is refracted at the inner wall surface of
the windshield 101, and is incident on the raindrop
102 that has adhered to the outer wall surface of the
windshield 101 after being transmitted by the outer
wall surface of the windshield 101. Reflected light
is generated at a wide angle from the interface
between the raindrop 102 and the air. However, only
reflected light 40a that has a refracted angle at the
inner wall‘surface of the windshield 101 |
corresponding to the angle of view of the image
pickup device 40 is incident on the image pickup
device 40, and an image thereof is taken by the image
pickup device 40.

The reflected light 40a is reflected light
from a very small area of the whole interface between
the raindrop 102 and the air, and the imége thereof
is taken as a bright point. When the image pickup
lens 41 is focused far away from the windshield 101,
the bright point is blurred as mentioned above (due

to “being out of focus”), and thus, the state of FIG.
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4 is obtained.

FIG. 6 shows a side view illustrating an
arrangement of the light source 30 and the image
pickup device 40. In FIG. 6, the image pickup device
40 and the image pickup lens 41 (not shown) are
arranged horizontally. The angle of elevation of the
image pickup lens 41 (not shown) with respect to the
normal 101lh of the windshield 101 that intersects the
optical axis of the image pickup lens 41 (not shown)
is Ba.

On the other hand, the angle of elevation
of the light source 30 with respect to the normal
101h of the windshield 101 that intersects the
optical axis of the image pickup lens 41 (not shown)
is 8, and light emitted from the light source 30 is
incident on the windshield 101 at the angle of
elevation of 6. In other words, the incident angle
of vertical direction of the emitted light‘from the
light source 30 on the windshield 101 is 6.

It is noted that the angles of the
respective parts in a case where the light source 30
and the image pickup device 40 are viewed in plan
view (fo; example, a case of FIG. 20 or the like) may
be referred to as “angles of horizontal direction”.

The angles of the respective parts in a case where
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the light source 30 and the image pickup device 40
are viewed in side view (for example, a case of FIG.
6 or the like) may be referred to as “angles of
vertical direction”.

The angle of elevation 8 of the light
source 30 (i.e., the incident angle 08 of vertical
direction of.the emitted light from the light source
30 on the windshield 101) is set in the range “0s -
30 deg < 8 < Bs” when the light source 30 is set at
the angle 8s so that the light reflected in a regular
reflection manner by the outer wall surface of the
windshield 1b1 will be incident on the image pickup
lens 41;

In other words, the light source 30 is put
in such a manner that in a case where the incident
angle of the emitted light from the light source 30
on the windshield 101 when the lidht reflected by the
outer wéll.surface of the windshield 101 in a regular
reflection manner is incident on the image pickup
lens 41 is Os, the incident angle of the emitted
light from the light source 30 on the windshield 101
will fall within the range 8s - 30 deg through 8s. |
It is noted that in FIG. 6, the clockwise directioﬂ
is a - direction and the counterclockwise direction

is a + direction.
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By thus putting the light source 30 in the
above-mentioned range, the image pickup device 40 can
take an image of the reflected light that includes
regular reflection of the emitted light from the
light source 30 reflected by the interface between
the raindrop 102 and the air.

FIG. 7 illustrates a relationship between
the angle of elevation 8 of the light source 30 and
the image pickup amount of reflected light. The
image pickup amount of reflected light from the
interface between the raindrop 102 and the air from
the emitted light of the light source 30 has the
maximum value around the angle of elevation of the
light sourqe'30 being the angle Os. It is possible
to obtain the image pickup amount of light in the
range “Os - 30 deg < 8 < 8s”. However, it is not
substantially possible to use the hatched area S of
FIG. 7 since there is a problem, as will be described
later, of reduction in SN occurring when detecting
the reflected light from the interface between the
raindrop 102 and the air because regular reflection
from the inner wall surface of the windshield 101 is
incident on the image pickup lens 41.

The above-mentioned range of being able to

obtain the image pickup amount of light varies due to
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being influenced by the contact angle of the raindrop
102 and is a numerical range that is effective in
particular in a case where the contact angle is 20
through 70 deg, in particular, less than or egqual to
60 deg. By installing the light source 30 in such a
manner that the angle of elevation 6 will fall within
the above-mentioned range, it is possible to take, as
a blurred bright point such as that of FIG. 4, an
image of the reflected light that includes regular
reflection reflected by the interface between the
raindrop 102 that has adhered to the outer wall
surface of the windshield 101 and the air from the

emitted light from the light source 30. It is noted

~that the contact angle means an angle between a

tangential line of a raindrop 102 and the outer wall
surface of the windshield 101.

It is noted that the setting angle
(installing angle) of the light source 30 described
above 1is one in a case of an angle of the emitted
light of the light source 30 at which the light
intensity has the peak from the angle distribution of
the emitted light of the light source 30. The light
beam of this angle to obtain the peak of light
intensity will be referred to as a typical light beam.

What is to consider in the configuration of
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FIG. 6 1s that there is the problem of reduction in
SN when detecting the reflected light from the
interface between the raindrop 102 and the air
because of regular reflection from the inner wall
surface of the windshield 101 being incident on the
image pickup lens 41.

This problem can be avoided by putting the
image pickup device 40 in such a manner that, as
shown in FIG. 8, the reflected light 40b (regular
reflection) from the inner wall surface of the
winashield 101 will be prevented from being incident
on the image pickup lens 41 (not shown) of.the image
pickup device 40 {this state may be simply referred
to as “frame out”). That is, by thus putting the
image pickup device 40 in the above-mentioned manner,
it is possible to avoid degradation of SN when
detecting the reflected light 40a from the interface
between the raindrop 102 and the air. It is noted
that in FIG. 8, the reference numeral 40x denotes the
range of the angle of view for image pickup of the
image pickup device 40;

In a case o0f, as illustrated above, using a
light source having a large diffusion angle such as a
LED as the light source 30 or installing a condenser

lens in the light source 30, there may be a case
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whefe a light element exceeding the angle range of
FIG. 7 described above is generated. In such a case,
the ;equirements for satisfying the above-mentioned
“frame out” are to set the angle of elevation 8 of
the light that is emitted from the light source 30
and is incident on the Windshield 101 to be less than
8s. This incident light means a main element that
includes not only the above-mentioned typical light
beam but élso an element greater than or equal to 95%
of the element that reaches the windshield 101.

An effective method of satisfying these
requirements is to reduce the diffusion angle of the

light source 30 or, if such a method is not possible,

-to block the element that has the angle of elevation

exceeding Bs of the light that reaches the windshield
101 from the diffusion light that has been emitted by
the light source 30. 1In this regard, description
will now be specifically made using FIGs. 9A and 9B.

FIGs. 9A and 9B are side views illustrating
measures of avoiding the problem of reduction of SN.
FIG. 9A shows one example of reducing the diffusion
angle of the light source 30. The reference numeral
40e denotes the diffusion light from the light source
30. By setting the incident angle 6 on the

windshield 101 of the light beam 40f having the
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largest diffusion angle from the diffusion light 40e
to be less than 8s, it is possible to reduce the
light being incident on the image pickup lens 41 (not
shown) .
Further, as shown in FIG. 9B, in a case

where the diffusion light from the light source 30
includes the light beam 40g having the large
diffusion angle, a light blocking member 36 ﬁay be
installed adjacent to the windshield 101. Thereby,
the light beam 40g can be blocked and can be
prevented.from reaching the imége pickup lehs 41 (not
shown) . Thus, the element that is not blocked by the
light blocking member 36 only includes the element
that satisfying the requirements 6 < Gs-as
illustrated as the light beam 40h.

| As a specific numerical example, in a case
where the angle Os determined by the arrangement of
the windshield 101, the light source 30 and the image
pickup device 40 is 65 deg, =10 deg as the diffusioh
angle of the emitted light of the light source 30
(for example, LED) and 50 deg as the incident ahgle
of the typical light beam on the windshield 101 may
be cited. |

| As another effective method, there is a

method of emitting p-polarized light to the
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windshield 101. By emitting p-polarized light to the
windshield 101, it is possible to reduce reflected
light from the inner wall surface of the windshield
101. Thus, it 1is possible‘to prevent reduction of SN
when detecting the reflected light from the interface
between the raindrop 102 and the air.

The reflected light from the inner wall
surface of the windshield 101 may be actively used
for detecting an object that adheres to the inner
wall surface of the windshield 101. For example, the
emitted light is scattered by an adhered object 109
and scattered light 40c is generated when light is
emitted from the light source 30 to the adhered
object 109 such as a fine waterdrop that has adhered. .
to the inner wall surface of the windshield 101, as
shown in FIG. 10.

Thus, the image pickup device 40 is put in
such a manner that regular reflection from the inner
wall surface of the windshield iOl will not be
incident on the image pickup lens 41 (not shown) of
the image pickup device 40 while the scattered light
40c from the adhered object 109 bn the inner wall
surface of the windshield 101 will be incident on the
image pickup lens 41 (not shown) of the image pickup

device 40. In other words, the position on the inner
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wall surface of the windshield 101 to which the light
source 30 emits light is to be included in the
effective image pickup area.

Thus, the scattered light 40c 1is incident
on the image pickup lens 41 {(not shown) of the image
pickup device 40 and as shown in FIG. 11, an image of
the scattered light 40c is taken as an optical spot
209; In many cases, the optical spot 209 is
different in position from an‘optical spot 202 of the
reflected light 40a from the interface between the
raindrop 102 and the air and an optical spot 201 of
the regular reflection from the inner wall surface of

the windshield 101 in an image thus taken by the

-image pickup device 40. -

As a result, it is possible to separately
detect an adhered object on the inner wall surface of
the windshield 101 from detection of an adhered
object on the outer wall surface of the windshield
101 (raindrop detection). As a specific example of
the adhered object on the inner wall surface of the
windshield 101, mist, dew condensation or the like on
the inner wall surface of the windshield 101 due to
moisture in the vehicle may be cited. It is noted
that in FIG. 11, the reference numeral 111 denotes a

vehicle detection image area. The reference numerals
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112 and 113 denote raindrop detection image areas
(also described later using FIG. 41).

However, depending on the angle and/or the
thickness of the windshield 101, the optical spot 202
and the optical spot 209 shown in FIG. 11 may overlap
with one another. In such a case, it is useful to
emit light that includes both of respective polarized
elements, i.e., a p-polarized element and an s-
polarized element to the windshield 101. The optical
spot 202 is formed mainly by the p-polarized light as
a main element and the optical spot 209 1s formed
mainly by the s-polarized light as a main element.
Thus, it is possible to detect the optical spot 202
and the optical: spot- 209 -separately by taking
respective images of the p-polarized element and the
s-polarized element.

In order to realize it, an image pickup
device may be provided in which pixels that can
detect a p-polarized element and an s-polarized
element, respectively, are arranged repetitively in
units each one including one or two pixels.
Specifically, in front of the image sensor 43,
polarization filter layers that transmit only the p-
polarized element and polarization filter layers that

transmit only the s-polarized element may be provided
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in such a manner that area separation is made in
pixel units. The polarization filter layers that
transmit only the p-polarized element will act as
raindrop detection image areas. The polarization
filter layers that transmit only the s-polarized
element will act as inside mist detection image areas.
The respective polarization filter layers
may be realized by; for example, wire grid polarizers.
Specifically, the polarization filter layers that
transmit ohly the p-polarized elemeﬁt and the
polarization filter layers that transmit only the s-
polerized element may be formed by, for example,
adjusting groove directions of respective templates
(corresponding to molds) to be used for patterning -to
form metal wires of the respective wire grid
structures so that the transmission axes (grid axis
directions) thereof will cross at right angles.
Alternatively, instead of the above-
mentioned pixel-unit area-separated polarization
filter layers, a configuration such as that shown in
FIG. 12 may be used. In the configuration of FIG. 12,
in the effective image pickup area 42x of the optical
filter 42, a p-polarized light detection area 211 and
an s-polarized light detection area 212 are arranged

one above the other. The p-polarized light detection
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area 211 will act as the raindrop detection image

area. The s-polarized light detection area 212 will

-act as the inside mist detection image area.

The p-polarized light detection area 211
and the s-polarized light detection area 212 may be
provided as a result of having, for example, in front
of the image sensor 43, a polarization filter‘layer
that only transmits a p-polarized element and a
polarization filter layer that only transmits an s-
polarized element formed to be adjacent to one
another one above the other. A specific method of
forming the polarization filter layer that only

transmits the p-polarized element and the

-polarization filter layer that only transmits the s- .. .

polarized element may. be the same as that described
above.

Using FIG. 6 and so forth, the arrangements
of the light source 30 and the image pickup device 40
which are effective in a case where the contact angle
of the raindrop 102 is less than or equal to 60 deg
have been described. Below, arrangements of the
light source 30 and the image pickup device 40 will
be described which are effective in a case where the
contact angle of the raindrop 102 is greater than br

equal to 60 deg.
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FIG. 13 illustrates an arrangement of the
light source 30 and the image pickup device 40. 1In
FIG. 13, the same as FIG. 6, the light sourcé 30 and
the image pickup lens 41 (not shown) of the image
pickup device 40 are arranged horizontally and the
angle of elevation of the image pickup lens 41 (not
shown) with respect to the normal 101h of the
windshield 101 that intersects the optical.axis of
the image pickup lens 41 (not shown) is fa.

Further, the same as FIG. 6, the angle of
elevation of the light source 30 with respect to the
normal 10lh of the windshield 101 that intersects the
optical axis of the image pickup lens 41 (not shown)
is 8. Thus, light from the light source 30 is
incident on the windshield 101 at the angle of
elevation 6. In other words, the incident angle of
vertical direction of the light emitted by the light
source 30 on the windshield 101 is 6. The angle of
elevation 6 (the incident angle 6 of vertical
direction of the emitted light from the light source
30 on the windshield 101) is set in the range “Ga -
50 deg < 8 < 8a + 20 deg”. It is noted thatvin FIG.
13, the clockwise direction is a - direction and the
counterclockwise directioﬁ is a + direction.

FIG. 14 illustrates a relationship between
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the angle of elevation 6 of the light source 30 and
the image pickup amount of light of the reflected
light. FIG. 14 shows the relationship derived
through study by the inventors and so forth. As
shown in FIG. 14, the image pickup amount of light of
the reflected light from the interface between the
raindrop 102 and the air from the emitted light of
the light source 30 has the maximum value at the
angle of elevation 6 of the light source 30 being
around the angle of elevation Ba of the image pickup
device 40 or a value slightly lower than the angle of
elevation Ba of the image pickup device 40. The
image pickup amount of light can be obtained . in a
range “Ba - 50 deg-<- 8 < Ba + 20 deg”.

The above-mentioned rangé of being able to
obtain the imagevpickup amount of light varies as
being influenced by the contact angle of the raindrop
102 and is a numerical range that is effective in
particular in a case where the contact angle is
greater than or equal to 60 deg. By installing the
light source 30 in such a manner that the angle of
elevation 68 will fall within the above-mentioned
range, it is possible to take, as a blurred bright
point such as that of FIG. 4, an image of the

reflected light reflected by the interface between
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the raindrop 102 that has adhéred to the outer wall
surface of the windshield 101 and the air from the
emitted light of the light source 30.

| FIG. 15 is a side view illustrating an
example that uses both the arrangements of the light
source 30 and the image pickup device 40 shown in
FIGs. 6 and 13. In FIG. 15, a light source 301 is
put at a position corresponding to FIG. 6. A light
source 30r is put at a position corresponding to FIG.
13.

The light source 301 emits light to an area
of the windshield 101 corresponding to a lower end
part of the range 40x of the angle of view for image
pickup of the image pickup device 40, the emitted
light is reflected by the interface between a
raindrop 102a and the air, and the reflected light
40a including regular reflection of the emitted light
of the light source 301 is incident on the image
pickup device 40. The light source 30r emits light
to an area of the windshield 101 corresponding to an
upper end part of the range 40x of the angle of view
for image pickup of the image pickup device 40, the
emitted light is reflected by the interface between a
raindrop 102b and the air, and the reflected light

40d is incident on the image pickup device 40.
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The reflected light 40a incident on the
image pickup device 40 forms an optical spot 202 in a
raindrop detection image area 113 in the lower end
part of an image, as shown in FIG. 16. The reflected
light 40d incident on the image pickup device 40
forms an optical spot 203 in a raindrop detection
image area 112 in the ﬁpper end part of the image, as
shown in FIG. 16.

By using the optical spot 202 in the
raindrop detection image area 113, it is possible to
detect a raindrop having the smaller contact angle
(for example, less than or equal to 60 deg). By
using the optical spot 203 in the raindrop detection
image area 112, it is possible to detect a raindrop-.
having the larger contact angle (for example, greater
than or equal to 60 deg). Thus, by arranging the
plural light sources (for example, the light sources
301 and 30r) having the different positional
relationships with respect to the image pickup device
40, it is possible to detect raindrops having the
respective contact angle ranges suitable for the
respective positions. Thus, it is possible to detect
raindrops with high sensitivity without regard to the
contact angles of the raindrops.

It is noted that in FIG. 16, the positions
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to which the light sources 301 and 30r emit light,
respectively, are the areas of the windshield 101
corresponding to the lower end part and the upper end
part of the range 40x of the angle of view for image
pickup of the image pickup device 40, respectively.
However, it is also possible to provide a
configuration in which, as shown‘in FIG. 17, the
light sources 301 and 30r emit light to the same
position, respectively. In the case of FIG. 17,
optical spots 202 and 203 are formed in a raindrop
detection image area 113 at a lower end part of the
image, as shown in FIG. 18.

Further, in FIGs. 15 and 17, the examples
are shown of using the two light sources 301 and 30r ..
for emitting light to the windshield 101 from the two
different placement angles. However, it is also
possible to use branched sets of light originally
emitted from the single light source.

FIG. 19 shows a side view illustrating a
configuration of emitting light to the windshield 101
with plural sets of light from the single light
source 30. In FIG. 19, the emitted light from the
light source 30 is divided by a beam splitter 33 into
respective sets of light that travel in two

directions. One set of light travels straight
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through the beam splitter 33 and-is incident on the
windshield 101 in the same optical path as that of
the emitted light of the light source 301 of FIG. 17.
The other set of light is obtained from
5 being branched’by the beam splitter 33, is incident
on a turning mirror 35, is reflected by the turning
mirror 35 and is incident on the windshield 101 in
the same optical path as that of the emitted light of
the light source 30r of FIG. 17. Thus, it is
10 possible to emit the plural sets of light originally
emitted from the single light source 30 to the
windshield 101. |
FIG. 20 shows a side view illustrating a
placement of the light source 30 in consideration of......
15 the angle of view of the image pickup device 40. FIG.
21 shows a plan view illustrating the placement of
the light source 30 in consideration of the angle of
view of the image pickup device 40. It is notéd that
FIGs. 20 and 21 shows an example of arranging three
20 light sources 30r, 30c and 301. It is noted that in
FIGs. 20 and 21, the reference numeral 40x denotes
the range of the angle of view for image pickup of
the image pickup device 40.
In FIGs. 20 and 21, the emitted light from

25 the light source 30r is emitted to a raindrop 102a,
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and an image thereof is taken by the image pickup
device 40. At this time, the emitting angle OLS of
the light source 30r (the incident angle 8LS of
horizontal direction of the light emitted by the
light source 30r on the windshield 101) with respect
to the angle of view OBu for image pickup of the
raindrop 102a is set in the range “HBu - 20 deg < 8LS
< Bu + 20 deg”.

In other words, the light source 30r is put
in such a manner that in a case where the angle of
view for image pickup of the raindrop 102a is Bu, the
incident angle of horizontal direction of the emitted

light from the light source 30r on the windshield 101

- falls within the range “8Bu - 20 deg through Gu + 20

deg”. Thus, it is possible to carry out taking an
image by detecting the reflected light from the
interface between‘the raindrop 102 and the air with
high efficiency. It is noted that in FIG. 21, the
clockwise direction is a - direction and the
counterclockwise direction is a + direction.

It is noted that it is also possible to set
the emitting angle OLS of the light source 30r (the
incident angle OLS of horizontal direction of the
light emitted by the light source 30r on the

windshield 101) in the range “HBu - 20 deg < 61LS < 0
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u + 20 deg” and also set the angle of elevation 6 of
the light source 30r (the incident angle 6 of
vertical direction of thé emitted light from the
light source 30r on the windshield 101) in the range
“Ba - 50 dég < 8 < Ba + 20 deg”.

FIG. 22 illustrates the relationships
between the emitting angle 6LS of the‘light source 30
and the image pickup amount of light of the reflected
light. FIG. 22 shows the relationships derived from
study of the inventors and so forth. As shown in FIG.
22, from the emitted light of the light source 30,
the image pickup amount of light of the reflected
light.from the interface between the raindrop 102 and
the air has the maximum value in a case- where the
emitting Angle BLs is céincident with the angle of
view for image pickup 8u or is near the angle of view
for image pickup Bu. The image pickup amount of
light can be obtained in the range “Bu - 20 deg < 6
LS < Bu + 20 deg”.

The above-mentioned range of being able to
obtain the image pickup amount of light varies as
being influenced by the contact angle of the raindrop
102 and is a numerical range that is effective in
particular in a case where the contact angle is

greater than or equal to 60 deg. By installing the
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light source 30 in such a manner that the incident
angle BLS from the light source 30 will fall within
the above-mentioned range, it is possible to take, as
a blurred bright point such as that of FIG. 4, an
image of the reflected light reflected by the
interface between the raindrop 102 that has adhered
to the outer wall surface of the windshield 101 and
the air from the emitted light of the light source 30.
It is noted that for the plural 1light
sources 30r, 30c and 301 of FIG. 21, it 1s also
possible to arrange them in such a manner that the
light beams thereof intersect each other as shown in

FIG. 23 as long as the above-mentioned range 1is

satisfied.

Further, as to the emitting direction of
the light source, it 1s not necessary to point toward
the inner wall surface of the windshield 101 as
indicated above. For example, as shown in FIG. 24,

it is possible that the light source 30r itself is

“put in a manner of not pointing toward the inner wall

surface of the windshield 101 and a turning mirror 35
for changing an optical path so that the emitted
light will be then emitted toward the windshield 101
is provided on the optical path of the emitted light

from the light source 30r. By providing the turning
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mirror 35, it is possible to contribute to
improvement of freedom of placement of the light
source 30r and miniaturization of the image pickup

unit 20.

[Configuration of Optical Filter]

FIG. 25 shows a view of the optical filter
42 viewed from the side of the sensor substrate 44.
FIG. 26 shows a view of the surface of the image
sensor 43 opposite to the optical filter 42 viewed
from the side of the sensor substrate 44 in a see-
through manner. FIG. 27 illustrates a correspondence

of a positional relationship between the optical

filter 42 and the image sensor 43 according to the.. .. ..

first embodiment. FIG. 28 shows a sectional view
téken along the A-A line of FIG. 25 and FIG. 26.

It is noted that in FIGs. 25 through 27,
for the sake of convenience, spectral filter layers
49b and the areas of the image sensor 43
coiresponding to the spectral filter layers 49b are
filled with dots. Further, in the optical filter 42
shown in FIG. 27, broken lines drawn along the
periphery of the spectral filter layers 49b indicate
the effective image pickup area.

As shown in FIGs. 25 through 28, in the
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optical filter 42, a filter substrate 46 is a
transparent substrate that transmits incident light
that is incident on the optical filter 42 via the
image pickup lens 41. A spectral filter layer 49a is
formed on the entirety of an effective image area
(the area corresponding to all the pixels included in
the image sensor 43) on the surface of the filter
substrate 46 on the side of the image pickup lens 41.
Further, on the surface of the filter
substrate 46 on the side of the image sensor 43, a
polarization filter layer 47 is formed. It may not
be necessary for the polarization filter layer 47 to

be formed. However, by forming the polarization

- filter layer 47, it 1s possible to reduce unnecessary-

light, and thus, it is possible to improve detection
accuracy of raindrop detection and vehicle detection.

Further a packing member 48 is formed to
cover the polarization filter layer 47. Further, the
spectral filter layers 49b are laminated and formed
at an upper end part and a lower end part of the
effective image area on the surface of the packing
member 48 on the side of the image sensor 43. It is
noted that the spectral filter layers 49b are typical
examples of a spectral filter layer.

From the light incident on the optical
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filter 42, the light that has passed through the
spectral filter layer 4%a, the polarization filter
layer 47 and the spectral filter layers 49b is
incident on the pixels 43a; through 43bg and 43g;
through 43hg (see FIG. 27). From the light incident
on the optical filter 42, the light that has passed
through the spectral filter layer 49a and the
polarization filter layer 47 (the light that has
passed through the area in which the spectral filter
layers 48b are not formed) is incident on the pixels
43c; through 43fg (see FIG. 27).

As the material of the filter substrate 46,

a material that can transmit light of an operating

- band {according to the first embodiment, the visible . .

light range and the infrared range) may be used, for
example, glass, sapphire, quartz.or the like.
According to the first embodiment, glass, in
particular, quartz glass (refractive index: 1.46) or
TEMPAX glass (refractive index: 1.51), any of which
is cheap and durable, is suitable for being used.

The polarization filter layer 47 is formed
to only transmit the p-polarized element of the light
incident on the optical filter 42. The polarization
filter layer 47 has a polarizer formed to have a wire

grid structure such as that shown in FIG. 29 and the
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surface on the side of the spectral filter layers 49b
is an uneven surface. The wire grid structure is a
structure in which metal wires (electrically
conductive lines) made of a metal such as aluminium,
which extend in a specific direction, are arranged at
a specific pitch. 1In the configuration of FIG. 29,
the optical filter 42 blocks light when the light
having the polarization direction of the groove
direction is incident. When light having the
polarization direction perpendicular to the groove
direction is incident, the optical filter 42
transmits the light.

By determining the wire pitch of the wire

--grid -structure to be, -in .comparison to. the wavelength.

range of incident light (for example, wavelengths of
400 nm through 800 nm of wvisible light), a
sufficiently smaller pitch (for example, 1/2 or less
thereof), the following advantages are obtained.
That is, light of an electric field vector element
that oscillates parallel to the longitudinal
direction of the metal wires is mostly reflected.
Light of an electric field vector element that
oscillates perpendicular to the longitudinal
direction of the metal wires is mostly transmitted.

Thus, 1t can be used as a polarizer which generates
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single-polarization polarized light.

Generally speaking, in a polarizer having a
wire grid structure, when the sectional area of the
metal wires is increased, the extinction ratio is
increased. Further, in the metal wires of a
predetermined width or greater with respect to the
period width, the transmittance is reduced. Further,
when the sectional shape perpendicular to the
longitudinal direction of the metal wires is a taper
shape, the wavelength dispersion property of the
transmittance and the degree of polarization is small
for a wide band and the high extinction ratio
characteristic is obtained.

By forming-the-polarization filter layer 47
to have the wire grid structure, the following
advantages can be obtained.. That 1is, the wire grid
structure can be formed using a well known
semiconductor manufacturing process. Specifically,
after an aluminium film has been evaporated on the
filter substrate 46, patterning may be carried out,
and a wire—grid subwavelength uneven structure may be
formed by a method such as metal etching. By such a
manufacturing process, it is possible to adjust the
longitudinal direction of the metal wires, i.e., the

polarization direction (polarization axis) on the
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order of the image pickup pixel size of the image
sensor 43 (on the order of several pMm).

Further, the wire grid structure is made of
a metal material such as aluminium. Thus, it is

superior in heat resistance and can be suitably used

under high temperature environments such as the

inside of a vehicle cabin which is likely to have
high temperature.

When the spectral filter layers 49b are
directly formed on the uneven surface of the
polarization filter layer 47, the spectral filter
layers 49b are formed along the uneven surface of the
éolarization filter layer 47; layer thickness
unevenness may -occur-in-the spectral filter layers.. . .
49b and it may not be possible to obtain the normal
spectral performance. In order to avoid such a
situation, the packing member 48 is used to fill the
upper surface side in the laminating direction of the
polarization filter layer 47 to make it flat. After
that, the spectral filter layers 49b are formed on
the packing member 48.

The packing member 48 is used to fill the
depressed parts between the metal wires of the
polarization filter layer 47. As the packing member

48, an inorganic material havingithe refractive index
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lower or equal to the refractive index of the filter
substrate 46 may be suitably used. : It is noted that
the packing member 48 according to the first
embodiment is formed also to cover the top surfaces
in the laminating direction of the metal wires of the
polarization filter layer 47.

As for the material of the packing member
48, it 1is necessary to make the uneven surface of the
polarization filter layer 47 flat and not to
interfere with the function of the polarization
filter layer 47. Thus, it is preferable to use a
material that does not have a polarization function.

Further, as the material of the packing member 48, it

-1s preferable to use a low refractive index material

having the refractive index that is as close to that
of the air (the refractive index: 1) as possible.

As the specific material of the packing
member 48, for example, a porous ceramic material in
which fine holes are dispersed in ceramics is
preferable. In more detail, porous silica (Si0,),
porous magnesium fluoride (MgF), porous alumina
(Al,03) or the like may be cited.

| Further, the degree of low refractive index
thereof is determined by the number and/or size of

the holes dispersed in ceramics (porous degree). 1In
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a case where the primary constituent of the filter
substrate 46 is quartz, glass or the like, porous
silica (n = 1.22 through 1.26) may be suitably used.
As a method of forming the packing member
48, it is not necessary to be limited to these
methods. For example, a Spin On Glass (SOG) method
may be suitably used. Specifically, a solution in
which silanol (Si(OH)4) 1is dissolved in alcohol is
used for spin coating to be carried out on the
polarization filter layer 47 that has been formed on
the filter subst;ate 46. After that, the solvent
component is volatilized through heat treatment, and

dehydration and polymerization reaction of the

--silanol-itself-is made to occur.-- Thus, the packing. .

member 48 is formed.

The pélarization filter layer 47 has the
wire grid structure of the subwavelength size,
mechanical strength thereof is not high, and the
metal wires may be damaged by slight external force.
The optical filtexr 42 accbrding to the first
embodiment is desired to be put.close to the image
sensor 43. Thus, during the manufacturing stage, the
optical filter 42 and the image sensor 43 may come
into contact with one another.

According to the first embodiment, the top
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surface in the laminating direction of thé
polarization filter layer 47 (the surface on the side
of the image sensor 43) is covered by the packing
member 48. Thus, it is possible to prevent the wire
grid structure from being damaged if coming into
contact with the image sensor 43. Further, by
filling the depressed parts between‘the metal wires
in the wire grid structure of the polarization filter
layer 47 withlthe packing member 48, it is possible
to prevent foreign objects from entering the
depressed parts.

It is noted that the spectral filter layers
49p that are laminated on the packing member 48 may
also be covered by a protective layer like the
packing member 48. However, according to the first
embodiment, no protective layer like the packing
member 48 is provided for the spectral filter layers
49b. This is because, according to an experiment of
the inventors and so forth, no such damagé able to
influence a pickup image occurred although the
spectral filter layers 49b came into contact with the
image sensor 43. Thus the protective layer is
omitted as a result of placing priority on reducing
the cost.

Further, although the height of the metal
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wires (projected parts) of the polariiation filter
layer 47 is low and less than or equal to the
operating wavelength, the spectral filter layers 49b
have the height equal to through on the order of
severél times the operating wavelength.. As the
thickness of the packing member 48 is increased, it
becomes more difficult to enéure flatness of the top
surface thereof, and thus the characteristics of the
optical filter 42 may be influenced. Thus, there are
limitations to increasing the thickness of the
packing member 48. Thus, according to the first
embodiment, the spectrél filter layers 49b are not
covered by a packing member.

The transmittance characteristics of the
spectral filter layers 4%9a and 49b will now be
described. FIG. 30 illustrates the transmittance
characteristics of the spectral filter layer 49a.
FIG. 31 illustrates the transmittance characteristics
0of the spectral filter layers 49b.

As shown in FIG. 30, the spectral filter
layer 49%9a has the transmittance characteristics of
transmitting incident 1light of a so-called visible
light area of a wavelength range A1 = 400 nm through
A2 = 670 nm and incident light of a so-called

infrared light area of a wavelength range A3 = 920
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nm through A4 = 960 nm; and cutting incident light of
a wavelength range A2 = 670 nm through A3 = 920 nm.
It is noted that according to the first embodiment,
the center wavelength of the light source 30 for
raindrop detection is 9240 nm and the full width at
half maximum is 10 nm.

The trénsmittance for the wavelength range
Al = 400 nm through A2 = 670 nm and the wavelength
range A3 = 920 nm through A4 = 960 nm may be
preferably greater than or equal to 30%, and more
preferably greater than or equal to 90%. The
transmittance for the wavelength range A2 = 670 nm
through A3 = 920 nm may be preferably less than or
equal to 5%, and more preferably 0%.

Incident light of the visible light area 1is
used to detect vehicle surrounding information and
incident light of the infrared light area is used to
detect raindrop information. The reason why incident
light of the wavelength range A2 = 670 nm through A3
= 920 nm is not transmitted is that if the wavelength
range were taken in, an obtained image would be red
as a whole, and it might be difficult to extract a
part indicating a red color of a taillight or the
like.

By thus forming the filter having the
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characteristics of cutting most of the infrared light

area (A2 = 670 nm through A3 = 920 nm) as shown in

FIG. 30, it is possible to remove disturbance light,

and thus it 1s possible to improve, for example, the
5 detection accuracy of a taillight.

From the viewpoint of removing disturbance
light, it is also preferable not to transmit the
wavelength range of .the light source 30 A3 = 920 nm
through A4 = 960 nm. However, because, for example,

10 the band of A3 = 920 nm_through A4 = 960 nm is |
narrower than the visible light band, the reception
amount of light is sufficiently small, and thus,
influence on detection of a taillight or the like is
negligible.

15 As shown in FIG. 31, the spectral filter
layers 49b have the transmittance characteristics of
transmitting incident light of a so-called infrared
light area of a wavelength range A5 = 880 nm through
16 = 1100 nm; and cutting incident light of the other

20 wavelength range (up to 880 nm). The transmittance
for the wavelength range A5 = 880 nm through A6 =
1100 nm may be preferably greater than or equal to
30%, and more preferably greater than or equal to 90%.
The transmittaﬁce for the other wavelength range (up

25 to 880 nm) may be preferably less than or equal to 5%,
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and more preferably 0%.

According to the transmittance
characteristics of FIGs. 30 and 31, incident 1light dn
the so-called visible light area A1l = 400 nm through
A2 = 670 nm and the so-called infrared light area A3
= 920 nm through A4 = 960 nm are transmitted by the
area at which only the spectral filter layer 49a is
formed (for example, an area corresponding to the
center part 1/2 of the image sénsor 43) by the
characteristics of the spectral.filter layer 49%a.

Further, incident light on the area hatched
in FIG. 32, i.e., only the wavelength range A3 = 920
nm through A4 = 960 nm is transmitted by the area at
which both the spectral filter layers 49%9a and 49b are
formed (for example, the areas corresponding to the
upper 1/4 and lower 1/4 of the image sensor 43) by
the characteristics of combining thé spectral filter
layer 4%a and spectral filter layers 49b.

It is noted that in order to improve the
detection accuracy at the infrared light area, it is
preferable that the center value of the wavelength
range A3 = 920 nm through A4 = 960 nm and the
oscillation wavelength of the light source 30 are
approximately equal to one another. In other words,

it is preferable that the spectral filter layers 49b
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have the characteristics of selectively transmitting
light of a band of wavelengths including the
oscillation wavelength range of the light source 30
from incident light.

As described above, according to the first
embodiment, the center wavelength of the light source
30 for raindrop detection is 940 nm and the full
width at half maximum is 10 nm. Thus, reflected
light of light emitted from the light source 30 can
pass through the range hatched in FIG. 32 (the
wavelength range A3 = 920 nm through A4 = 960 nm).

By thus determining that the center wvalue
of the wavelength range A3 = 920 nm through A4 = 960
nm and the oscillation wavelength of the light source
30 are to be approximately equal to one another, it
is possible to distinguish reflected light of
infrared wavelength light emitted from the light

source 30 from disturbance light having a large

amount of light. That is, if the spectral filter

layers 49a and 49b are not provided, when an image of
reflected light of the infrared wavelength light
emitted from the light source 30 reflected by the
windshield 101 is taken by the image pickup device 40,

the image sensor 43 of the image pickup device 40

-would receive disturbance light having a large amount
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of light such as sunlight, for example, in addition
to the reflected light of the infrared wavelength
light emitted from the light source 30.

Thus, in order to distinguish the infrared
wavelength light from the light source 30 from such
disturbance light of a large amount of light, it may
be necessary that the light emitting amount of the
light source 30 is sufficiently larger than such
disturbance light. However, in mény cases, it may be
difficult to use a light source 30 having such a
large light emitting amount.

Thus, the spectral filter layers 49a and
49p are thus provided having the transmittance
characteristics shown in FIGs. 30.and 31 on the ..
optical path being incident on the image pickup

device 40. Thus, at the area at which both the

‘spectral filter layers 49a and 49b are formed (for

example, the areas corresponding to the upper 1/4 and
lower 1/4 of the image sensor 43), only a slight‘
amount of also a disturbance light element such as
direct sunlight passing through the wavelength range
A3 = 920 nm through A4 = 960 nm is incident on the
image sensor 43. As a result, it is possible to thus
remarkably reduce disturbance light and thus it is

possible to improve the accuracy of raindrop
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detection.

The area at which only the spectral filter
layer 49a is formed (for example, the area
corresponding to the center part 1/2 of the image
sensor 43) may be used as the vehicle detection image
area to be uéed for detecting a headlight of an
oncoming vehicle, a taillight of a vehicle moving
ahead of the occupant vehicle, a white line and so
forth. The area at which both the spectral filter
layers 49a and 49b are formed (for example, the areas
corresponding to upper 1/4 and lbwer 1/4 of the image
sensor 43) may be used as the raindrop detection
image areas for detecting a raindrop (the adhered
object detection-image area).

However, it is also possible that the
spectral filter layers 49b have the transmittance
characteristics shown in FIG. 33 instead of those of
FIG. 31 (the characteristics of cutting light of a
shorter wavelength side of the light emitting
waveform of the light source 30). That is, the
characteristics including a bandpass filter having
the peak of transmittance approximately coincident
with the light emitting wavelength of the light
source 30 as shown in FIG. 33 may be used. 1In FIG.

33, an infrared light area of the wavelength range A5
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= 925 nm through A6 = 965 nm is set as the band to
transmit light. Then, as a result of being combined
with the spectral filter layer 49a (the transmittance
characteristics of FIG. 30), only light of
approximately the wavelength range A5 = 925 nm
through A4 = 960 nm is transmitted.

In the characteristics of combining FIGs.
30 and 33 (only transmitting light of the wavelength

range A5 = 925 nm through A4 = 960 nm), the band to

transmit light is narrower than that of combining

FIGs. 30 and 31 (only transmitting light of the
wavelength range A3 = 920 nm through A4 = 960 nm).
Thus, it is possible to further reduce disturbance
light such as-direct sunlight.

As a matter of course, in any case,
reflected light of light emitted from the light
source 30 can be transmitted. The transmittance
characteristics of FIGs. 30, 31, 32 and 33 can be
designed in consideration of the light beam angle for
being incident on the optical filter 42 from the
image pickup lens 41.

Thus, in order to reduce a disturbance
light element such as direct sunlight as much.as
possible, it is preferable that the wavelength of the

emitted light of the light source 30 is included in
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the narrowest wavelength range from among the
wavelength range A3 K920 nm) through A4 (960 nm),

the wavelength range A3 (920 nm) through A6 (965 nm),
the wavelength range A5 (925 nm) through A4 (960 nm)

5 and the wavelength range A5 (925 nm) through A6 (965

10

15

20

25

nm) .

It is noted that according to the first
embodiment, the advantageous effects obtained froﬁ
combining the spectral filter layers 49%a and 4%b are
shown. However, it is also useful to use the
spectral filter layer 49a or the spectral filter
layers 49b as the single member (s) when tolerating
somewhat a reduction of the advantageous effects.

--It-is noted that according to the first
embodiment, the polarization filter 47 is used,‘only
a p-polarized element is transmitted from incident
light on the optical filter 42 and an s-polarized
element is cut. Thus, when it is to be determined
whether there is a raindrop, it is possible to
prevent disturbance factors caused by unnecessary
light having a strong s-polarized element such as
light geﬁerated from reflection from the road, light
from the dashboard or the like in the cabin of the
occupant vehicle (background reflections) or the like

since the s-polarized element is thus removed. Thus,
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it is possible to improve the raindrop identification
rate.

Further, when identifying, for example, a
white line, a headlight of an oncoming vehicle, a
taillight of a vehicle moving ahead of‘the occupant
vehicle or the like, it is possible to prevent
disturbance factors caused by unnecessary light
having a strong s-polarized element such as light
such as a headlight, a streetlight or the like
reflected from the road, light from the dashboard or
the like in the cabin of the occupant vehicle
(background_;eflections) or the like since the s-
polarized element is thus removed. Thus, it is
possible to improve the identification rate for a

white line, a headlight of an oncoming vehicle and/or

‘a taillight of a vehicle moving ahead of the occupant

vehicle.

In particular, it is generally known that a
lot of reflected light from rain water surface
covering the surface of a road includes an s-
polarized element. Thus, by using an image frém
which an s-polarized element has been thus removed
for identifying a white line, it is possible to
appropriately identify a white line below the rain

water covering the surface of a road and improve the
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- identification rate.

The spectral filter layers 49b can be made
of a multilayer film configuration in which thin |
films of high refractive index and thin films of low
refractive index are alternately laminated
repetitively to form many layers. By such a
multilayer film configuration, setting freedom for
spectral transmittance is made large by using
interference of light. Further, by thus laminating
thin films to form many layers, it is also possible
to realize reflectance close to 100% for a specific
wavelength (for example, the band of wavelengths
other than the red color).

According to the first embodiment, the
operating wavelength range of pickup image data is
approximately the visible light wavelength range
through the infrared light wavelength range. Thus,
the image sensor 43 having the sensitivity for this
operating wavelength range may be selected and also a
filter(s) may be made in which the transmitting
wavelength ranges of the multilayer film parts of the
spectral filter layers 49a and 49b are set as shown
in FIGs. 30 and 31.

Such a filter(s) may be obtéined from

making a multilayer film such as “substrate/(0.5H L



WO 2013/065765 PCT/JP2012/078266

10

15

20

25

68

0.5H)p/medium A” in the stated order from the bottom
in the laminating direction of the optical filter 42.

It is noted that “L” and “H” mean a
material of low refractive index (for example, Si0;)
and a material of high refractive index (for example,
TiO,;), respectively, each having a film thickness
corresponding to 1/4 wavelength according to the
optical path length notation system. That is, this
film thickness is a film thickness such that the
equation of “nd/A = 0.25” holds where “n” denotes the
refractive index, “d” denotes the film thickness and
“A” denotes the cut-off frequency. ‘The above-
mentioned “0.5H L 0.5H” means a material of high
refractive index is laminated for a film thickness of
0.125 wavelength; a material of low refractive index
is laminated for a film thickness of 0.25 wavelength;
and a material of high refractive index is laminated
for a film thickness of 0.125 wavelength.

Further, “p” means the number of times of
repeating (laminating) films provided in parentheses.
As “p” becomes larger, it is possible to obtain
characteristics of a sharper cut edge. Further, in
order to reduce influence of ripple (“pulsation” in
wavelength distribution of transmittance) and so

forth, the film thickness of the above-mentioned 1/4
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wavelength may be actually a film thickness that is
made to be not strictly coincideht therewith.

Further, as for the layer close to the
substrate, the layer may be omitted when the
difference in refractive index from the substrate is
very small {(for example, less than 10%). Further,
the “medium A” is intended to be a resin or an
adhesive for contacting air or joining to the imagev
sensor 43. Further, the “substrate” is the filter
substrate 46 in the case ¢f the spectral filter layer
49a and the packing member 48 in the case of the
spectral filter layers 49b.

The multilayer film configuration of the
spectral filter layer 48a realizing the
characteristics shown in FIG. 30 will now be
described. FIG. 34 illustrates the multilayer film
configuration of the spectral filter layer 49%a
realizing the characteristics shown in FIG. 30. As
shown in FIG. 34, the spectral filter layer 49a has ai
structure in which on the filter substrate 46, an
alternate laminating part 60a, a center layer 70 and
an alternate laminating part 60b are laminated in the
stated order.

Each one of the alternate laminating parts

60a and 60b has a‘structure in which plural sets (in
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the case of FIG. 34, 4 sets each, as shown) each set
including a low refractive index dielectric layer 61
and a high refractive index dielectric layer 62, are
laminated; and finally, the low refractive index
dielectric layer 61 is laminated. As the material of
the low refractive index dielectric layer 61, for
example, it i1s possible to use an inorganic material
such as silicqn dioxide (S1i03). As the material of
the high refractive index dielectric layer 62, for
example, it is possible to use an‘inorganic material
such as titanium dioxide (TiO,) or tantalum pentoxide
(Taz0s5) .

However, it is also possible to use a

- structure as that of-each one of the alternate

laminating parts 60a and 60b in which plural sets,
each including the high refractive index dielectric
layer 62 and the low refractive index dielectric
layer 61, are laminated; and finally, the high

refractive index dielectric layer 62 is laminated

(i.e., first the high refractive index dielectric

layer 62 is laminated on the filter substrate 46).
The thickness of each layer of the low

refractive index dielectric layers 61 and the high

refractive index dielectric layers‘62 may be, for

example, on the order of 150 nm or on the order of
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100 nm. However, the respective thicknesses of the
low refractive index dielectric layers 61 and the
high refractive index dielectric layers 62 may be not
identical. Further, the thicknesses of the
respective layers included in the alternate
laminating part 60a and 60b may not necessarily
correspond to eéch other.

The center layer 70 is a layer made of a
high refractive index dielectric material such as,
for example, titanium dioxide (TiO;) or tantalum
pentoxide (Tazos). The thickness of the center layer
70 is made greater than the thickness of any layer of
the low refractive index dielectric layers 61 and the
high refractive -index dielectric -layers 62. For
example, the thickness of the center layer 70 may be
on the order of 260 nm.

The alternate laminating structure through
the entirety of the alternate laminating parts 60a
and 60b functions as a shortpass filter that
transmits incident light of the so-called visible
light area of the wavelength range A1 = 400 nm
through A2 = 670 nm. Further, a resonator
configuration in which the alternate laminating parts
60a and 60b are used as reflective layers and the

center layer 70 is used as a resonator layer
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functions as a bandpass filter that transmits
incident light of the so-called infrared light area
of the wavelength range A3 = 920 nm through A4 = 960
nm.

It is noted that it is possible to change
the band to transmit light of the bandpass filter by
changing the thickness of the center layer 70. As
will be shown by a numerical example later, it is
possible to set the band to transmit light of the
bandpass filter to the wavelength range A3 = 920 nm
through A4 = 960 nm by setting the thickness of the
center layer 70 to be on the order of 2 through 3
times the thickness of the high refractive index
dielectric layer 62. - . .. . .

As a numerical example of the multilayer
film configuration, the following one may be cited.
That 1is, the alternate laminating part 60a: 0.55L
1.1H, 1.11L., 1.05H, 1.05L (LH)2, the center layer 70:
2.6H, and the alternate laminating part 60b: (LH)2,
1.05L 1.05H 1.1L 1.1H 0.55L (where A = 850 nm).

In the above-mentioned numerical example,
the cptical path length of the center layer is 2.6H,
and falls within 2 through 3 times the optical path
length of the high refractive index dielectric layer

62 included in the alternate laminating parts 60a and
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60b. This value 1is within a numerical range required
to use the above-mentioned shortpass filter and the
bandpass filter for dual functions. FIG. 35
illustrates filter characteristics corresponding to
the above-mentioned numerical example. As shown in
FIG. 35, it has been confirmed that the filter
characteristics (transmittance characteristics) shown
in FIG. 30 can be realized by the multilayer film
configuration shown in FIG. 34.

Next, a multilayer film configuration of
the spectral filter layer 49b realizing the
characteristics shown in FIG. 31 will be described.
FIG. 36 illustrates a multilayer film configuration
of the spectral filter layer 49D realizing‘the
characteristics shown in_FIG. 31. As shown in FIG.
36, the spectral filter layer 49b has a structure in
which on the packing member 48 acting as a substrate,
an alternate laminating part 60c is formed. That 1is,
the alternate 1aminating.part 60c equals the spectral
filter layer 49b.

Similar to the alternate laminating parts
60a and 60b, the alternate iaminating part 60c has a
structure in which plural sets (in the case of FIG.
36, seven sets), each set including a low refractive

index dielectric layer 61 and a high refractive index
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dielectric layer 62, are lamented; and finally, a low
refractive index dielectric layer 61 is laminated.

However, it is also possible to use a
structure as that of the alternate laminating part
60c in which plural sets, each including a high
refractive index dielectric layer 62 and a low
refractive index dielectric layer 61, are laminated;
and finally, a high refractive index dielectric layer
62 is laminated (that is, on the packing member 48,
first the high refractive index dielectric layer 62
is laminated). The materials and thicknesses of the
low refractive index dielectric layers 61 and high
refractive index dielectric layers 62 may be the same
as or-similar to those-of -the: case of the alternate . ..
laminating parts 60a and 60b.

The alternate laminating configuration
through the entirety of the alternate lamenting part
60c functions as a longpass filter that transmits
incident light of the so-called infrared light area
of the wavelength range A5 = 880 nm through A6 =
1100 nm. |

As a numerical example of the multilayer
film configuration realizing the characteristics
shown in FIG. 31( the following one may be cited.

That 1is, the alternate laminating part 60c: 0.29H
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0.59L 0.605H (0.605L 0.605H)8 0.34L 0.75H 0.8L 0.8H
(0.8L 0.8H)8 0.43L 1.1H 1.1L 1.05H (1.05L 1.05H)S38
1.05L 0.52H (where A = 720 nm).

FIG. 37 illustrates filter characteristics
corresponding to the above-mentioned numerical
example. As shown in FIG. 37, it has been confirmed
that the filter characteristics (transmittance

characteristics) shown in FIG. 31 can be realized by

‘the multilayer film configuration shown in FIG. 36.

Next, a multilayer film configuration of
the spectral filter layer 49b realizing the
characteristics shown in FIG. 33 will be described.
FIG. 38 illustrates a multilayer film configuration
of the spectral filter layer 49b realizing the
characteristics shown in FIG. 33. As shown in FIG.
38, the spectral filter layer 49b has a structure in
which on the packing member 48 acting as a substrate,
an alternate laminating part 60d and a metal
dielectric laminating part 80 are laminated in the
stated order.

Similar to the alternate laminating parts
60a through 60c, the alternate laminating part 60d
has a structure in which plural sets (in the case of
FIG. 38, seven sets), each set including a low

refractive index dielectric layer 61 and a high
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refractive index dielectfic layer 62, are lamented;
and finally, a low refractive index dielectric layér
61 is laminated.

However, it 1s also possible that the
alternate laminating part 60d has a structure in
which plural sets, each including a high refractive
index dielectric layer 62 and a low refractive index
dielectric layer 61, are laminated; and finally, a

high refractive index dielectric layer 62 1is

laminated (that is, on the packing member 48, first

the high refractive index dielectric layer 62 is
laminated). "The materials and thicknesses of the low
refractive index dielectric layers 61 and high
refractive index dielectric layers 62 may be the same
as or similar to those of the case of the alternate
laminating parts 60a through 60c.

The metal dielectric laminating part 80 has
a structure in which a metal layer 81, a low
refractive index dielectric layer 82 and a metal
layer 83 are laminated in the stated order. As the
material of each one of the metal layers 81 and 83,
for example, silver (Ag), chrome (Cr), gold (Au),
titanium (Ti) or the like may be used. The thickness
of each one of the metal layers 81 and 83 may be, for

example, on the order of 30 nm.
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As the material of the low refractive index
dielectric layer 82, for example, it is possible to
use an inorganic ﬁaterial such as silicon dioxide
(S1i05) . The thickness of the low refractive index
dielectric layer 82 may be,. for example, on the order
of 280 nm. It is possible to change the band to
transmit light of the bandpass filter by changing the
thickness of the metal dielectric laminating part 80
(in particular, the thickness of the low reffactive
index dielectric. layer 82).

By thus laminating the alternate laminating
part 60d and the metal dielectric laminating part 80,
it functions as the bandpass filter that transmits
incident light of the so-called infrared light area
of the wavelength range A5 = 925 nm through A6 = 965
nm.

As a numeriéal example of the multilayer
film configuration realiiing the characteristics
shown in FIG. 33, the following one may be cited.
That is, the alternate laminating part 60d: (0.27H
0.57L 0.27H)8 and the metal dielectric laminating
part 80: Mt 2L Mt (where A = 820 nm, and “Mt” means
Ag having the film thickness of 30 nm).

FIG. 39 illustrates filter characteristics

corresponding to the above-mentioned numerical
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example. As shown in FIG. 39, it has been confirmed
that the filter characteristics (transmittance
characteristics) shown in FIG. 33 can be realized by
the multilayer film configuration shown in FIG. 38.
It is noted that instead of FIG. 38, it is
also possible to fealize the filter characteristics
(transmittance characteristics) shown in FIG. 33 by
using a multilayer film configuration such as that of
FIG. 40. That is, the spectral filter layer 49b may
have a structure in which on the packing member 48,
the alternate laminating part 60d and metal
dielectric laminating part 80 are laminated in the

stated order, as shown in FIG. 38. Further, the

--spectral filter layers 49b may instead have a

structure in which on the packing member 48, the

metal dielectric laminating part 80 and alternate
laminating part 60d are laminated in the stated order,
as shown in FIG. 40.

It is noted that it is possible to realize
the spectral filter layers 49b having a high
weatherproof property by using an inorganic material
such as titanium dioxide (Ti0O;) as the high refractive
index dielectric material and using an inorganic
material such as silicon dioxide (Si0;) as the low

refractive index dielectric material.
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One example of a method of manufacturing
the spectral filter layers 49b according to the first
embodiment will now be described. First, on the
packing member 48 formed on the filter substrate 46
and the polarization filter layer 47, the above-
described multilayer film is formed. As a method of
manufactﬁring such a multilayer film, a well-known
method such as evaporation may be used. Next, the
multilayer film is removed at the place corresponding
to the not spectral area (for example, the aiea |
corresponding to the center part 1/2 of the.image
sensor 43).

As a specific method of thus partially

removing the multilayer film, -a common liftoff method - .

may be used. According to the liftoff method, a
pattern reverse to a target pattern is previously
formed on the packing member 48 with a metal or a
photoresist. Then, after the multilayer film is
formed thereon, the multilayer film is removed at the
place cérresponding to the not spectral area together
with the metal or photoresist.

Further, in the case where, as shown in FIG.
25, the spectral filter layer 49b has a sizé (for
example, a size of a width greater than or equal to

100 Mm) sufficiently larger than the size of each one
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of the pixels of the image sensor 43, the following
method may be used. That is, a mask may be provided
to cover the area other than the areas to form the
spectral filter layers 49b at a time of evaporation
of the multilayer film, and the evaporation may be
carried out only for the areas on which to form the
spectral filter layers 49b via the mask.

According to the first embodiment, the
mﬁltilayer film configuration is used for the
spectral filter layers 49b. Thué, an advantageous
effect of large setting freedom for the spectral
characteristics is obtained. Generally speaking, a
color filter used in a color sensor or the like is
formed by a resist agent. - -When-such a resist agent...
is used, it may be difficult to control the spectral
characteristics in comparison to the case of using a
multilayer film configuration. According to the
first embodiment, the multilayer film configuratioh
is used for the spectral filter layers 49b. Thus, it
is possible that the wavelehgth of the light sburce
30 is approximately coincidenf with the band of
wavelengths of the raindrop detection areas.

It is noted that also the spectral filter
layer 49a can be manufactured by a method the same as

or similar to that of the spectral filter layers 49b.
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However, the process of removing a part of a film
using a liftoff method or the like is not necessary.

The reason why the raindrop detection imaée
areas are provided at the upper part and the lower
part will now be described. FIG. 41 illustrates a
pickup image.

In many cases, an image of a headlight (not
shown) of an oncoming vehicle, a taillight of a
vehicle 115 moving ahead of the occupant vehicle and
a white line 116 mainly exist at a center part of the
pickup image. Further, normally, at a lower part of
the pickup image, an image of a road surface 117
immediately in front of the occupant vehicle exists,
aﬁd at an upper part of the pickup image, an image of
the sky 118 exists. That is, information required
for identifying the headlight {(not shown) of the
oncoming vehicle, the taillight of the vehicle 115
moving ahead of the occupant vehicle and the white
line 116 concentrate in the center part of the pickup
image, and thus, information of the upper part and
the lower part of the pickup image is not very
important for identifying them.

Thus, in a case of carrying out both
detection of the oncoming vehicle, the vehicle 115

moving ahead of the occupant vehicle and/or the white
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line 116 and detection of a raindrop 102 from a
single set of pickup image data, it is advantageous
to use the center part of thelpickup image as the
vehicle detection image areé 111 and the upper part
and lower part of the pickup image as the raindrop
detection image areas 112 and 113, as shown in FIG.
41.

Thus, corresponding to the vehicle
detection image area 111 of FIG. 41, the spectral
filter layer 49a such as that shown in FIG. 28 is
provided. Further, corresponding to the raindrop
detection image areas 112 and 113 of FIG. 41, the

spectral filter layers 49a and 49b such as those

~shown in FIG. 28 are provided.

It is noted that when the image pickup
direction of the image pickup device 40 is inclined
toward a lower direction, the hood of the occupant
vehicle may be included in a lower part of the image
pickup area (the broken line in the raindrop
detection image area 113 of FIG. 41). In such a case,
sunlight, the taillight of the vehicle 115 moving
ahead of the occupant vehicle or the like reflected
by the hood of the occupant vehicle may become
disturbance light which may be then included in the

pickup image data.
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Also in such a case, according to the first
embodiment, the spectral filter layers 49a and 49b
are provided at the place corresponding to the lower
part of the pickup image. Thus, the disturbance
light such as sunlight, the taillight of the vehicle
115 moving ahead of the occupant vehicle or the like
reflected by the hood of the occupant vehicle is
removed. Thus, the detection accuracy for the
raindrop 102 can be improved.

It is noted that when detecting a vehicle
moving ahead of the occupant vehicle, the vehicle
moving ahead of the occupant vehicle is detected as a
result of the taillight in the pickup image being
identified. - However, the taillight has the amount. of
light smaller in comparison to that of a headlight of
an oncoming vehicle. Also, there is a lot of
disturbance light such as from a street light. Thus,
it may be difficult to detect a taillight with high
accuracy only from the simple brightness data.

Thus, 1t is necessary to use spectral
information for identifying a taillight and identify
the taillight based on the received amount of red
color light. However, the respective pixels included
in the image sensor 43 also have sensitivity for

light of infrared wavelength range. Thus, when the
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image sensor 43 receives light including an infrared
wavelength range, the thus obtained pickup image may
become a reddish one as a whole. As a result, it may
be difficult to identify an image part of red color
correspoﬁding to a taillight.

According to the first embodiment, as
described above, the spectral filter layer 49%a has
the transmission characteristics to cut incident
light of the wavelength range 670 nm through 920 nm.
Thus, most of the infrared wavelength range is
removed from the pickup image data to be used for
identifying a taillight. Thus, it is possible to
improve the identification accuracy for a taillight.

It is noted that in FIG. 28, a gap is
provided between the optical filter 42 and the image
sensor 43. However, it is preferable that the
optical filter 42 is joined to the image sensor 43.
This is because it becomes easier to cause the
boundaries of the respective areas of the
polarization filter layer 47 and the spectral filter
layers 49b of the optical filter 42 and the
boundaries of the respective pixels on the image
sensor 43 to be coincident. That is, as a result of
the optical filter 42 and the image sensor 43 being

tightly joined together, the boundaries between the
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raindrop detection areas and the area for detecting
vehicle surrounding information become clearer, and
it is possible to improve the determination acéuracy
as to whether a raindrop exists.

In the case of thus tightly joining the
optical filter 42 to the image sensor 43, the bptical
filter 42 and the image sénsor 43 may be joined
together using UV adhesive. Alternatively, it is
also possible to carry out thermo-compression bonding
or UV adhesion on four side areas that are out of the
effective image pickup area in a state of being
supported by a spacer(s).

It is noted that it is possible to avoid
warpage of the optical filter.42-by-forming the
spectral filter layers 4%9a and 49b on both sides of
tﬁe filter substrate 46. That is, when forming a
multilayer film(s) (spectral filter layer(s)) only on
one side of the filter substrate 46, the filter
substrate 46 may become stressed and warpage may
occur. However, in a case of forming multilayer
films (spectral filter layers) on both sides of the
filter substrate 46 as shown in FIG. 28, the effects
of the stress are canceled, and thus, warpage is
avoided.

Further, in a case where the spectral
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filter layer(s) 48b were provided only one of the
upper part and the lower part, it might be difficult
to adhere the optical filter 42 to the image sensor
43 in parallel, and they might be inclined with
respect to the Z—axis'(see FIG. 28). If they were
adhered together in the thus inclined state, the
optical path lengths wouid vary between the upper

part and the lower part of the pickup image, and thus

_recognition accuracy might be degraded to cause error

in reading coordinates of a white line in a case of
detecting vehicle surrounding information such as a
white line, for example. As shown in FIG. 28, such a
problem can be solved by providing the spectral
filter layefs.49b-at~both the upper part and the
lower part.

However, also in a case of forming the
spectral filter layers 49a and 49b only on one side
of the filter substrate 46 or in a case where the
spectral filter layer(s) is{are) provided at only one
of the upper part and the lower part, a certain
advantageous effect(s) can be 6btained.

It is noted that according to the first
embodiment, a view in the image pickup area and an
image on the image sensor 43 are upside down

therebetween because of characteristics of the image



WO 2013/065765 PCT/JP2012/078266

10

15

20

25

87

pickup lens 41.

The raindrop detection and vehicle
detection will now be described in further detail.
FIG. 42 illustrates light beams concerning the
raindrop detection and vehicle detection.

The incident angle on the windshield 101 of
the light source 30 is set so that an image of the
reflected light from somewhere on the boundary plane
between the raindrop 102 and the air will be taken.

There are two of layouts in each of which reflected

light from the interface plane between the raindrop

102 and the air becomes strongest. One of these
layouts is a layout of installing the light source 30
at a position. approximately opposite to the optical
axis of the image pickup lens 41 with respect to the
normal of the windshield 101, which normal intersects
the optical axis of the image pickup lens 41. The
other is a layout of installing the light source 30
in such a manner that the optical axis of the light
source 30 is approximately the saﬁe as the optical
axis of the image pickup lens 41.

Further, a case where reflected light from

- the boundary plane between the raindrop 102 and the

air becomes weakest is a case where the normal of the

windshield 101, which normal intersects the optical
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axis of the image pickup lens 41, 1is approximately
coincident with the optical axis of the light source

30.  Here, as an example, the light source 30 1is

~assumed to be put (placed) in such a manner that the

regular reflection on the outer wall surface of the
windshield 101 is approximately coincident with the
optiCal axis of the image pickup lens 41.

The light beam A of FIG. 42 is a light beam
emitted by the light source 30 and passing through
ﬁhe windshield 101. 1In a case where no raindrop 102
has adhered to the outer wall surface of the
windshield 101, light emitted from the light source
30 toward the windshield 101 passes through the
windshield 1.01- and -leaks out to- the outside of thé
occupant vehicle as it is, as the 1light beam A. Thus,
as the light source 30, it is preferable that in
consideration of the emitted light being emitted to
an eye of a human being, a light source is selected
having the wavelength and amount of light of the eye-
safe range. Further, as shown in FIG. 42, it is more
preferable that a configuration is made such that
light emitted by the light source 30 toward the
windshield 101 goes in an upward vertical direction
or the like so that the likelihood of the emitted

light being emitted to an eye of a human being can be
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reduced.

The light beam B is a light beam emitted by
the light source 30, reflected by the inner wall
surface of the windshield 101 in the regular

5 reflection manner and is incident on the image pickup
device 40. A part of the light emitted by the light
source 30 toward the windshield 101 is reflected by
the inner wall surface of the windshield 101 in the
fegular reflection manner. It has been known that

10 generally speaking, as the polarized element of this

regular.reflection (light beam B), an s-polarized
element that oscillates in the direction
perpendicular to the incident surface (in the

- direction -perpendicular to~the~paper-sheet of FIG.. ..

15 42) is dominant.

The regular reflection (light beam B)
reflected in the regular reflection manner by theﬁ
inner wall surface of the windshield 101 after being
emitted by the light source 30 does not vary by the
20 fact as to whether a raindrop 102 that has adhered to
the outer wall surface of the windshield 101 exists.
Thus, this light is not only unnecessary light for
raindrop detection but also may act as disturbance
light that reduces the detection accuracy of raindrop

25 detection. Thus, according to the first embodiment,
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the light beam B (s-polarized element) is cut by the
polarization filter layer 47, and thus it is possible
to avoid degradation of the raindrop detection
accuracy.

The light beam C is a light beam emitted by
the light source 30, passing through the inner wall
surface of the windshield 101; and after that,
reflected by the interface between the raindrop 102
that has adhered to the outer wall surfacé of the
windshield 101 and the air and incident on the image
pickup device 40. A part of the light emitted from
the light source 30 toward the windshield 101 passes

through the inner wall surface of the windshield 101.

. However, the passing -through light includes a p- -

polarized element larger than an s-polarized element.

In a case where a raindrop 102 has adhered
to the outer wall surface of the windshield 101,
light having passed fhrough the inner wall surface of
the windshield 101 does not leak out to the outside
as the light beam A but is reflectedvby the ihterface
between the raindrop 102 and the air, again passes
through the windshield 101 toward the image pickup
devicev40 and is incident on the image pickup device
40.

At this time, since the spectral filter
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layer 4%a is configured to transmit the oscillation
waveform (infrared light) of the light source 30, the
iight beam C passes through the spectral filter layer
49a. Further, since the metal wires of the wire grid
structure in the polarization filter layer 47 have
such a longitudinal direction that the polarization
filter layer 47 transmits a p-polarized element, the
light beam C having a p-polarized element as a main
element also passes through the polarization filter
layer 47. Further, the spectral filterhlayer 49b is
configured to transmit the oscillation wavelength
(infrared light) of the light source 30. Thus, the

light beam 30 also passes through the spectral filter

.-layer 49b.. -Thus,-the-light beam C reaches the.

raindrop detectioﬁ image areas of the image sensor 43,
aﬁd it is possible to detect the raindrop 102 by the
received amount of light.

The light beam D is a light beam passing
through the windshield 101 from the outside and
traveling toward the raindrop detection image area of
the image sensor 43 of the image pickup device 40.
The light may act as disturbance light when detecting
a raindrop. However, according to the first
embodiment, most of incident light except a part of

infrared light is cut by the spectral filter layers
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4%9a and 49b. Thus, most of the light beam D does not
reach the raindrop detection image area of the image
sensor 43. Thus, it is possible to avoid degradation
of the raindrop detection acéuracy due to the light
beam D.

The light beam E is a light beam passing
through the windshield 101 from the outside and
traveling toward the raindrop detection image area of
the image sensor 43 of the image pickup device 40.

By the transmittance characteristics of the spectral
filter layer 49a, only visible light and a part of
infrared light of a p-polarized element of the light

beam E pass through the spectral filter layer 49%9a and

-reach the-vehicle detection image area of the image

sensor 43 and thus an image thereof is taken.

This pickup image 1s used to detect a
headlight of an oncoming vehicle, avtaillight of a
vehicle moving ahead of the occupant vehicle, a white
line and so forth. It is noted that the s-polarized
element of the light beam E are removed by the
polarization filter layer 47. Thus, it is possible
to reduce disturbance factors due to unnecessary
light including strong s-polarized light such as
light of a headlight, a street light and so forth

reflected by the road, light from the dashboard or
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the like in the cabin of the occupant'vehicle
{(background reflections) and so forth.

Next, exposure amount adjustment when the
image processing apparatus 10 obtains a pickup image
will be described. As one example, as being enclosed
by the alternative long and short dash line in FIG. |
26, a case will be considered where, vertically
adjacent two and horizontally adjacent two for a
total of four areas (areas including pixels 43a,, 43a,,
43b; and 43b;) are regarded as one unit of pickup
image data. On the pixels 43a;, 43a;, 43b; and 43b,,
light having passed through the spectral filter layer
49a, the polarization filter layer 47 and the
spectral filter layer 49b is incident. Thus, the
pixels 43a;, 43a,, 43b; and 43b, receive the p-
polarized element of the infrared light from the
incident light on the optical filter 42, and thus an
image by the p—polarized element of the infrared
light is formed. Then, using the imagé thus formed
by the p-polarized element of the infrared light, it
is possible to determine whether a raindrop exists,
for example.

It is noted that the light source 30 may
emit light continuously (which may also be called

continuous wave (CW) light emissicn) or may emit
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light in a form of pulses in specific timings. It is
possible to further reduce the influence of
disturbance light by synchronizing the timing of
light emission and the timing of image pickup.
Further, in a case of installing plural light sources,
the plural light sources may emit light
simultaneously or may emit light in sequence. 1In a
case of emitting light in sequence, it is possible to
further reduce the influence of disturbance light by
synchronizing the timing of light emission and the
timing of image pickup.

Next, one unit of pickup image data is.

formed by an area including the pixels 43c;, 43c,

-43d;-and 43dy,. -On the pixels 43c;, 43cy, 43d; and 43d,,

light having passed through the'spectral filter layer
49a and the polarization filter layer 47 is incident.
Thus, the pixels 43c;, 43cp, 43d; and 43d,; receive the
p-polarized element of mainly the visible light from
the incident light on the optical filter 42, and an
image by the p-polarized element of mainly the‘
visible light is generated. By using the thus
generated image by the p-polarized element of mainly
the visible 1light, it 1is possible to detect vehicle
surrounding information, for example.

It is noted that when an image of the
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vehicle detection image area is taken, the light
source 30 may be turned off, or the light source 30
may be always turned on.

Next, one unit of pickup image data 1is
formed by an area including the pixels 43g;, 43g:,
43h; and 43h,. The'same as the area including 43a;,
43a,, 43b; and 43b;, the area including the pixels
4391, 4392, 43h: and 43h; generates an image by the p-
polarized element of the infrared light and by using
the generated image, 1t is possible to determine
whether a raindrop exists, for example. It is noted
that the same as the case of the area including 43a,,
43a,, 43b; and 43by, the light source 30 emits light.

-~ - Similarly, 1images are -generated in seQuence,
each using other vertically adjacent two and
horizontally adjacent two for a total of four pixels
as one unit. Thus, the image of the entirety of the
image sensor 43 is generated. However, it is not
necessary to generate images of the raindrop
detection areas and images of the vehicle detection
image area alternately. Images of the same areal(s)
may be generated successively.

Thus, the example has been described in
which four pixels are regarded as one unit. kHowever,

it is not necessary to be limited thereto. For
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example, when images of the raindrop detection image
areas that are put at the upper part and the lower
part of the image sensor 43 are taken, it is possible
to regard a pixel area corresponding to the spot size
on the image sensor 43 of the reflected light from
the light source 30 as one unit. When an image of
the vehicle detection image area that is put at the
center of the image sensor 43 is taken, it is
possible to regard one pixel as one unit in a case of
using a monochrome sensor as the image ‘sensor.
The obtained amcunts of light are

remarkably different between the raindrop detection

image areas (the adhered object detection image

-areas) at which the spectral filter layer 49a, the. . .

polarization filter layer 47 and the spectral filter
layers 49b are formed and the vehicle detection image
area at which the spectral filter layer 49a and the
polarization filter layer 47 are formed but the
spectral filter layer 49b is not formed. This 1is
because mainly only the reflected light of the
infrared light emitted by the light source 30 is
incident on the raindrop detection image areas,
whereas mainly visible light is incident on the
vehicle detection image area.

Thus, it is preferable to change the
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exposure amount between in a case of taking an image
of the raindrop detection image area and in a case of
taking an image of the vehicle detection image area.
Thus, it is bossibie to take images with optimum
exposure amounts for the respective raindrop
detection image area and vehicle detection image area.
For example, in a case of taking a remote image,
automatic exposure adjustment may be carried out
based on image information of the vehicle detection
image area while detecting a part of the vehicle
detection image area. In a case of taking an image
of a raindrop, automatic exposure adjustment may be

carried out based on image information of the

-raindrop detection image area while detecting a part

of the raindrop detection image area.

In order to change the exposure amount, the
exposure period of time may be changed between when
taking an image of the raindrop detection image area
and when taking an image of the vehicle detection
image area. For example, it is possible to change
the exposure period of time as a result of the image
analysis unit 50 controlling the period of time for
converting the incident light into the electric
signal by the image sensor 43. Further, as in a

third variant of the first embodiment described later,
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it is also possible to change the exposure amount by
providing an aperture limiting part corresponding to
each pixel of the image sensor 43 at the area at

which the spectral filter layers 49b are not formed.

At the vehicle detection image area, a
change in the amount of light of the surroundings is
large. In fact, the luminance of the vehicle
surroundings for which the image pickup device takes
an image changes from several tens of thousands of
luxes during the daytime through less than or equal
to one lux during the nighttime. Thus, it is
necessary to adjust the exposure period of time
depending on particular image pickup scenes. For
this purpose; well—known~aﬁtomatic exposufe control. . .
techniques may be used. It is noted that according
to the first embodiment, it is preferable to carry
out exposure control based on image information of a
road surface area since an object exists around the
road surface.

On the other hand, as for the raindrop
detection image areas, since the setting has been
made such that only the reflected light from an
adhered object of the emitted light of the light
source 30 is to be taken in, a change of the amount

of light from the surrounding environment is small.
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Thus, it is also possible to take an image with a
fixed exposure period of time (i.e., take an image
with a fixed exposuré amount) for the raindrop
detection image areas.

FIGs. 43A and 43B illustrate pickup images.
FIG. 43A shows an example of a pickup image when

raindrop has adhered to the outer wall surface of the

-windshield 101. FIG. 43B shows an example of a

pickup image when no raindrop has adhered to the
outer wall surface of the windshield 101. It is
noted that according to the first embodiment, the
raindrop detection image areas are provided at the

pickup image upper part and the pickup image lower

‘part. FIGs. 43A and 43B show images-in which the . . .

raindrop detection image area at the pickup image
upper part is omitted.

In the pickup images of FIGs. 43A and 43B,
the lower parts 113 are the raindrop detection image
areas 113 and the other areas are the vehicle
detection image areas 111, respectively. 1In the
raindrop detection image areas 113, light from the
light source 30 is reflected (as indicated by the
reference numeral 102) as shown in FIG. 43A when a
raindrop 102 has adhered. No light from the light

source 30 is reflected as shown in FIG. 43B when no
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raindrop 102 has adhered.
Further, an indication “Rain detected” in

FIG. 43A (not clearly recognizable in the figure)

shows the state of having recognized the raindrop 102.

An indication “Rain not detected” in FIG. 43B shows
the state of not having recognized the raindrop 102.

Such a raindrop recognition process at the raindrop

detection image area 113 can be easily achieved by

adjusting a threshold for a reception amount of light
of the reflected light from an adhered object of
emitted light from the light source 30. It is noted
that the threshold may not necessarily be a fixed
value, and may be appropriately changed depending on
the surrounding situation of the occupant vehicle in
which the image pickup device 40 is installed or the
like. For example, the optimum value may be
calculated based on exposure adjustment information
of the vehicle detection image area 111 or the like

and the threshold may be changed thereby.

[First Variant of First Embodiment]

The first variant of the first embodiment
is an example in which the area dividing method of
the spectral filter layer on the side of the imége

sensor 43 1s changed. For the first variant of the
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first embodiment, descfiption for the same elements
as those described above will be omitted.

FIG. 44 shows a view of the optical filter
427 according to the first variant of the first
embodiment viewed from the side of the sensor
substrate 44. FIG. 45 illustrates the correspondence
of positional relationship between the optical filter
42A according to the first variant of the first
embodiment and the imagevsensor 43. FIG. 46 shows a
sectional view taken along the B-B line of FIG. 44.
FIG. 47 shows a sectional view taken along the C-C
line of FIG. 44.

A view of the surface of the image sensor
43 which faces the optical filter 42A viewéd from the
side of the sensor substrate 44 in a see-through
manner is the same as FIG. 26 and thus is omitted.
It is noted that in FIGs. 44 and 45, for the sake of
convenience, areas corresponding to spectral filter
layers 49c and the corresponding areas on the image
sensor 43 are filled by dots. Further, in the
optical filter 42A shown in FIG. 45, the broken lines
drawn along the peripheral part of the spectral
filter.layers 49c indicate an effective image pickup
area.

As shown in FIGs. 44, 45, 46 and 47, the
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optical filter 42A according to the first variant of
the first embodiment is different from the first
embodiment in that the spectral filter layers 49c are
formed in a check pattern corresponding to the
respective pixels of the image sensor 43.

For example, as being enclosed by the
alternate long and short dash line in FIG. 26, total
4 pixels 43a;, 43az, 43b; and 43b; of vertically
adjacent two pixels by horizontally adjacent two
pixels may be used to form one unit of pickup image
data. For the one unit enclosed by the alternate
long and short dash line, the light source 30 emits

light, and the timing of emitting light and the

-timing of image pickup are synchronized. Thus, the

p-polarized element of the infrared from the incident
light on the optical filter 42A is received by the
pixels 43a, and 43b;, and it is.possible to obtain an
image by the p-polarized element of the infrared
light.

Further, with the timing of the light
source 30 having been turned off, the p-polarized
element of mainly visible light from the incident
light on the optical filter 42A is received by the
pixels 43a; and 43b;, and it is possible to obtain an

image by the p-polarized element of mainly visible
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light. Further, the one unit enclosed by the
alternate long and short dash line is shifted in
sequence, the same operations are repeated and thus
it is possible to obtain the image corresponding to
all the pixels of the image sensor 43.

By using the image of the p-polarized
element of infrared light and the image of the p-
polarized element of mainly visible light thus
obtained, it is possible to take images of an adhéred
object such aé a raindrop that has adhered to the
windshield of the vehicle and vehicle surrounding
information such as a headlight of another vehicle,
as described above.

It is noted that in . .these. sets.of pickup
image data, the number of image pixels is smaller
than the number of pickup pixels (i.e., information
of adjacent pixel areas is lacked). 1In order to
obtain an image with a higher resolution, a generally
known image interpolation techniques may be used.
For example, for obtaining an image of a p-polarized
element of infrared light with a highér resolution,
the following method may be used.

That is, the information of p-polarized
element of infrared light is used as it is for the

pixels 43a, and 43b;. For the pixel 43b,, for example,
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the average of the pixels 43a,, 43b;, 43b3 and 43c;
that surround the pixel 43b; may be used as the
information of p-polarized element of infrared light.
The same or similar way may be applied also for a
case of obtaining an image of the p-polarized element

of mainly visible light with a higher resolution.

[Second Variant of First Embodiment]

A second variant of the first embodiment is
an example in which the aréa dividing method of the
spectral filter layer on the side of the image sensor
43 is changed. For the second variant of the first
embodiment, description for the same elements as
those already described above will be omitted.

FIG. 48 shows a view of the optical filter
42B according to the second variant of the first
embodiment viewed from the side of the sensor
substrate 44. FIG. 49 illustrates the correspondence
of positional relationship between the optical filter
42B according to the second variant of the first
embodiment and the image sensor 43. FIG. 50 shows a
sectional view taken along the D-D line of FIG. 48.
FIG. 51 shows a sectional view taken along the E-E
line of FIG. 48.

A view of the surface of the image sensor
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43 which faces the optical filter 42B viewed from the
side of the sensor substrate 44 in a see-through
manner is.the same as FIG. 26 and thus is omitted.

It is noted that in FIGs. 48 and 49, for the sake of
convenience, areas corresponding to spectral‘filter
layers 49d and the corresponding areas on the. image
sensor 43 are filled by dots. Further, in the
optical filter 42B shown in FIG. 49, the broken lines
drawn along the peripheral part of the spectral
filter layers 49d indicate an effective image pickup
area.

As shown in FIGs. 48, 49, 50 and 51, the
optical filter 42B according to the second variant
of the first embodiment is different from the first
embodiment in that the spectral filter layers 49d are
formed in a stripe pattern corresponding to the
respective pixels of the image sensor 43.

For example, as being enclosed by the
alternate long and short dash line in FIG. 26, total
4 pixels 43a;, 43a;, 43b; and 43b; of vertically
adjacent two pixels by horizontally adjacent two
éixels may be used to form one unit of pickup image
data. For the one unit enclosed by the alternate
long and short dash line, the light source 30 emits

light, and the timing of emitting light and the
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timing of image pickup are synchronized. Thus, the
p-polarized element of infrared from the incident
light on the optical filter 42B is received by the
pixels 43a; and 43b;, and it is possible to obtain an

5 1mage by the p-polarized element of the infrared
light.

Further, with the timing of the light
source 30 having been turned off, the p-polarized
element of mainly visible light from the incident

10 light on the optical filter 42B is received by the
pixels 43a, and 43b;, and it is possible to obtain an
image by the p-polarized element of mainly visible
light. Further, the one unit enclosed by the

- alternate long and short--dash line is shifted in. ..

15 sequence, the same operations are repeated and thus
it is possible to obtain the image corresponding to
all the pixels of the image sensor 43.

By using the image of the p-polarized
element of infrared light and the image of the p-

20 polarized element of mainly visible light thus
obtained, it is possible to take images of an adhered
object such as a raindrop that has adhered to the
windshield of the vehicle and vehicle surrounding
information such as a headlight of another vehicle,

25 as described above. It is noted that the same as the
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first variant of the first embodiment, image
interpolation technigues may be used.

Specific advantageous effects of the second
variant of the first embodiment will now be described.
That is, according to the second variant of the first
embodiment, it is possible to ease the positional
accuracy between the respective pixels of the: image
sensor 43 and the parts at which the spectral filter
layers 49d are formed in the optical filter 42B by
forming the spectral filter layers 49d in the stripe
pattern in comparison to the check pattern of the
first variant of the first embodiment.

That 1is, in the case of the check pattern‘

-such-as that of the first wariant of the first..

embodiment, 1t 1s necessary to carry out positional
adjustment for the Y-direction and Z-direction so as
to cause the respective pixels of the image sensor 43
and the parts at which the spectral filter layers 49c
are formed in the optical filter 42B to be coincident.
In comparieon thereto, with the stripe pattern such

as that of the second variant of the first embodiment,
it is necessary to carry out positional adjustment
only for the Y-direction so as to cause the

respective pixels of the image sensor 43 and the

parts at which the spectrél filter layers 49d are
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formed in the optical filter 42B to be coincident.
Thus, it is possible to shorten the assembling period
of time and simplify the assembling eguipment in a
process of adhering the optical filter 42B and the
image sensor 43 together.

It is noted that it is preferable to set
the stripe direction of the stripe pattern (in FIG.
48, the Z-direction) to make it coincident with the
light emitting direction of the light source 30 for
emitting light to a raindrop 102. More specifically,
it is preferable that the stripe direction of the
stripe pattern (in FIG. 48, the Z-direction) is

parallel to the plane that is formed by the optical

- axls of the emitted light of the light source 30.

toward the windshield 101 and the optical axis of the
image pickup device 40.

This is because when taking an image of a
raindrop 102 that has adhered to the windshield 101,
an image which is compressed in the vertical
direction (Z-direction) 1is obtained. That is, as a
result of the stripe direction being the vertical
direction (Z-direction) as shown in FIG. 48, the
resolution with which infrared light information of
the vertical direction (Z-direction) is taken is

improved, and thus, it 1s possible to efficiently
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detect a raindrop with high accuracy even from the
image compressed in the vertical direction (Z-

direction).

[Third Variant of First Embodiment]

A third variant of the first embodiment is
an example of providing aperture limiting parts at
areas at which the spectral filter layers are not
formed. It is noted that description of the same
elements as those already described will be omitted.

FIG. 52 shows a view of an optical filter
42C according to the third variant of the first

embodiment viewed from the side of the sensor

substrate 44.--The positional relationship between . .. .. ... .

the optical filter 42C and the image sensor 43 and

the sectional view thereof are the same as or similar
to those of the first wvariant of the first embodiment,
and figures thereof are omitted. It is noted that in
FIG. 52, for the sake of convenience, the spectral
20 filter layers 49b are filled with dots and the

aperture limiting parts are painted in grey color.

As shown in FIG. 52, the optical filter 42C
according to the third variant of the first
embodiment is different from the first variant of the

25 first embodiment in that apertures 49x and the
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aperture limiting parts 49y are provided
corresponding to the respective pixels at areas at
which the spectral filter layers 49b are not formed.
For example, as being enclosed by the
alternate long and short dash line in FIG. 26, total
4 pixels 43a;, 43a, 43b; and 43b; of vertically
adjacent two pixels by horizontally adjacent two
pixels may be used to form one unit of pickup image
data. For the one unit enclosed by the alternate

long and short dash line, the light source 30 emits

light, and the timing of emitting light and the

timing of image pickup are synchronized. Thus, the
p-polarized element of the infrared from the incident
light on the optical filter 42C is received by the. ..
pixels 43a, and 43b;, and it is possible to obtain an
image by the p-polarized element of infrared light.
Further, with the timing of the light
source 30 having been turned off, the prolarized
element of mainly visible light for which the
apertures have been limited from the incident 1light
on the optical filter 42C is received by the pixels
43a; and 43b;, and it is possible to obtain an image
by the p-polarized element of mainly visible light
for which the apertures have been limited. However,

at the pixels 43a; and 43b;, the p-polarized element
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of mainly visible light for which the apertures have
been limited is received. Thus, the image of the p-
polarized element of mainly visible light is
generated by the received amount of light smaller
than the first variant of the first embodiment.

Further, the one unit enclosed by the
alternate long and short dash line is shifted in
sequence, the same operations are repeated and thﬁs
it is possible to obtain the image corresponding to
all the pixels of the image sensor 43.

By using the image of the p-polarized
element of infrared light and the image of the p-

polarized element of mainly visible light for which

-the apertures have been limited thus obtained, it is

possible to take images of an adhered object such as
a raindrop that has adhered to the windshield of the
vehicle and vehicle surrounding information such as a
headlight of another vehicle, as described above. It
is noted that the same as the first variant of the
first embodiment, image interpolation techniques may
be used. |
FIG. 53 shows one example of the aperture
limiting part. In FIG. 53, the aperture 49x is made
of a circular wire grid structure, and the aperture

limiting part 49y made of a solid film of aluminium



WO 2013/065765 PCT/JP2012/078266

10

15

20

25

112

is formed around the aperture 49x. Thereby, it is
pOssible‘to limit the received amounts of light for
the areas at which the spectral filter layers 49b are
not formed.

In the configuration of FIG. 53, the
incident light is blocked by the aperture limiting
part 49y made of the solid film of aluminium. Thus,
it is possible to limit the received amount of light
that is transmitted by the areas at which the
spectral filter layers 49b are not formed, according
to the size (aperture ratio) of the apertures 49x
made of the wire grid structures. .

It is noted that the shape of the aperture

- limiting part 49y made of-the wire grid structure ... .

axis is not limited to the circular shape as shows in
FIG. 53. For example, the shape of the aperture
limiting part 49y may be an approximately gectangular
shape as shown in FIG. 54. In the case where the
corner parts are included as shown in FIG. 54, it is
suitable that the corner parts have radii as shown in
FIG. 54 so that the shapes and sizes can be easily
obtained through an etching procéss or the like.

The apertures 49x and the aperture limiting
parts 49y can be made simultaneously together with

the'polarization filter layer 47, for example.
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Specifically, after an aluminium film is uniformly
formed on the filter substrate 46, the aluminium film
is removed through an etching process or the like at
the areas of forming the spectral filter layers 49Db
and the areas of forming the apertures 49x. Then,
the wire grid structures are formed at the areas from
which the aluminium film has been thus removed.

In a case where the aperture limiting 1is
thus carried out by providing the 1light blocking
areas of aluminium around the wire grid étructures,
respectively, it is possible to achieve the aperture
limiting by a process of leaving the aluminium film

around each wire grid structure when the wire grid

- structure- is -formed.- -The- wire.grid structures . will

become the apertures 49x and also will become the
polarization filter layer 47. Thus, it i1s possible
to simplify the manufacturing process in comparison
to a case where a process of carrying out the
aperture limiting is carried out separately from the
polarizatibn filter layer 47.

It is noted that it is also possible to
provide the aperture limiting parts 49y és shown in
FIG. 55 on a layer different from the polarization
filter layer 47. 1In this case, no wire grid

structures are formed in the apertures 49x.
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Further, the aperture limiting parts 49y
are not limited to the reflective films such as the
above-mentioned aluminium films. For example, films
that absorb light may also be used to form the
aperture limiting parts 49y. For example, as shown
in FIG. 56, the aperture limiting parts 49y may also
be made of solid films of black photoresist. Also in
this case, the apertures 49x is not limited to the
circular shape (seé FIG. 56). For example, the
aperture 49x may have an approximately rectangular
shape as shown in FIG. 57.

Further, plural of the apertures 49x may be

provided 1in an area corresponding to each pixel of

- the image sensor-43 of areas at which no -.spectral - . . ... .. ..

filter layers 49b are formed. It is also possible to
form plural of the aperture limiting parts 49y for an
area corresponding to each pixel of the image sensor
43 of areas at which no spectral filter layers 49b
are formed. Further, the aperture limiting parts 49y
may not necessarily be provided around the apertures
49x%x, respectively. It is also possible to providei
the aperture limiting parts 49y inside the apertures
49x, respectively. For example, as shown in FIG. 58,
the aperture limiting parts 49y made of solid films

of aluminium may be discretely arranged inside the
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aperture 49x made of the wire grid structure.

Advantageous effects of the third variant
of the first embodiment are as follows: That is, for
example, by making the aperture limiting parts 49y in
such a manner that the received amount of light of
the p-polarized element of mainly visible light will
be equal to the received amount of light of the p-
pélarized element of infrared light, it is possible
to obtain information of the infrared light for
determining whether a raindrop exists and the visiple
light for detecting vehicle surrounding information
by a single time of exposure without carrying out
complicated exposure control.

According to-one-aspect of the present
invention, it is possible to provide an image pickup
unit or the like which can take an image of an
adhered object that has adhered to a transparent
member such as a windshield and an object far from
the transparent member in respective suitable

conditions.

<Application Example>
As an application example, an example will
now be described of configuring an on-vehicle

equipment control system using an image processing
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apparatus according to the first embodiment.

FIG. 59 schematically illustrates a general
configuration of an on-vehicle equipment system
including an image processing apparatus according to
the first embodiment. As shown in FIG. 59, the on-
vehicle equipmeht control system 300 includes the
image processing apparatps 10 according to the first
embodiment, a headlight control unit 310, a wiper
control unit 320,,a vehicle running control unit 330,
a headlight 350 and a wiper 360. It 1s noted that in
FIG. 59, the reference numeral.400 denotes an
occupant vehicle such as an automobile.

The on-vehicle equipment control system 300
has functions.-of light distribution control of the.
headlight 350, driving control of the wiper 360 and
control of other on-vehicle equipment by using pickup
image data of an image of the occupant vehicle
running direction forward area (image pickup area)
taken by the image pickup device 40 of the image
processing apparatus 10 mounted in the occupant
vehicle 400.

The pickup image data of an image taken by
the image pickup device 40 is input to the image
analysis unit 50. As described above, the image

analysis unit 50 analyzes the pickup image data
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transmitted by the image pickup device 40 and thus,
calculates the position, direction, distance and/or
the like of another vehicle that exists in front of
the occupant vehicle 400, for example.

Further, as described above, the image
analysis unit 50 identifies a taillight of another
vehicle and detects a vehicle moving in the same
direction as and ahead of the occupant vehicle 400;
and identifies a headlight of another vehicle and
detects an oncoming vehicle moving in the opposite
direction to the occupant vehicle 400. Further, as
described above, the image analysis unit 50 detects
an adhered object such as a raindrop 102, a foreign
object or the like that has adhered to.the windshield.
101, and detects a detection target such as a white
line (carriageway marking) or the like which exists
on the road surface in the image pickup area.

The analysis results of the image analysis
unit 50 are given to the headlight control unit 310.
The headlight control unit 310 generates a control
signal for controlling the headlight 350 that is on-
vehicle equipment from distance data calculated by
the image analysis unit 50, for example.

Specifically, control of switching between

a high beam and a low beam of the headlight 350
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and/or partial light blocking control of the
headlight 350 are carried out so as to avoid dazzling
the driver of another vehicle by preventing strong
light of the headlight 350 of the occupant vehicle
400 from being incidént on the eyes of the driver of
the vehicle moving ahead of the occupant vehicle or
the oncoming vehicle, and also, ensure the viewing
ability of the driver of the occupant vehicle.

The analysis results of the image analysis
unit 50 are élso given to the wiper control unit 320.
The wiper control unit 320 controls the wiper 360,
and removes an adhered object such as a raindrop 102,
a foreign object and/or the like that has adhered to
the windshield 101 of the occupant vehicle 400... In.
response to a foreign object detection result given
by the image analysis unit 50, the wiper control unit
320 generates a control signal. When the control
signal generated by the wiper control unit'320 is
given to the wiper 360,'the wiper is driven so as to
ensure the viewing ability of the driver of the
occupant vehicle 400.

The analysis results of the imége analysis
unit 50 are also given to the vehicle running control
unit 330. The vehicle running control unit 330 warns

the driver of the occupant vehicle 400 in a case
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where the occupant vehicle 400 has deviated from the
traffic lane area defined by white lines based on
white line detection results given by the image
analysis unit 50, for example. Further, the vehicle
running control unit 330 carries out driving support
control such as controlling the steering wheel and/or
the brake of the occupant vehicle, for example.

Thus, it is possibleoto configure the on-
vehicle equipment control system 300 using the image
processing apparatus 10 according to the first

embodiment. However, the image processing apparatus

10 according to the first embodiment may be applied

not only to such an on-vehicle equipment control

- system but also, for -example, to.another system in. ... ... . .

which an object detection apparatus that carries out
object detection based on a pickup image is mounted,
or the like.

Thus, the image pibkup unit and the vehicle
in which the image pickup unit is mounted have been
described by the embodiment and the variants thereof.
However, the present invention is not limited to the
embodiment and the variants thereof, and variations
and modifications (including replacements) exist
within the scope and spirit of the invention as

described and defined in the following claims.
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For example, according to the first
embodiment and the variants therecf, it is assumed
that the image sensor 43 is an imaging element for
monochrome images. However, the image sensor 43 may
be an imaging element for color images. In a case
where the image sensor 43 is an imaging element for
color images, light transmission characteristics of
the respective areas of the polarization filter layer
47 and the spectral filter layers 49a and 49b may be
adjusted depending on the characteristics of color
filters attached to the respective pixels of the
imaging element for color images.

Further, for the first embodiment and the

- variants thereof, -the -examples.-have been described in..

which the spectral filter layer 4%9a is formed on the
surface of the filter substrate 46 on the side of the
image pickup lens 41 and the spectral filter layers
49b are formed on the surface of the packing member
48 on the side of the image sensor 43. However, it
is also possible to form the spectral filter layers
49b on the surface of the filter substrate 46 on the
side of the image pickup lens 41 and form the
spectral filter layer 49a on the surface of the
packing member 48 on the side of the image sensor 43.

However, although advantageous effects the
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same as or similar to the former case can be obtained
in this case, there may be a possibility that the
boundaries between the spectral filter layer 4%9a and
the spectral filter layers 49b are blurred in
comparison to the former case and the boundaries
between the raindrdp detection image areas and the
vehicle detection image area are not clear. Thus,
the former configuration is preferable for making the
boundaries between the raindrop detection image areas
and the vehicle detection image area clearer.

For the first embodiment and the variants
thereof, the examples have been described in which
the automobile has been cited as one example of the
vehicle. ~However, embodiments~may also be applied to
other vehicles such as an airplane, an electric train
and so forth.

The present application is based on
Japanese Priority Application No. 2011-240848 filed
on November 2, 2011 and Japanese Priority Application
No. 2012—194246’filed on September 4, 2012, the
entire contents of which are incorporated herein by

reference.
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CLAIMS

Claim 1. An image pickup unit comprising:
a light source that emits light toward a
5 transparent member from a side of one surface of the
transparent member;
an image pickup lens having a focal length
that is set far from a position of the transparent
member;

10 an image sensor that includes plural pixels

arranged two-dimensionally; and
an image pickup device that is put on the
side of the transparent member the same as that of
the light source,; wherein - .

15 the image pickup device takes an image of
reflected light that includes regular reflection of
the emitted light reflected by an interface between
an adhered object that adheres to the other surface
of the transparent member and air by using the image

20 sensor, and

the light source is put in a position such
that in a case where an incident angle of the emitted
light on the transparent member when the light
reflected in a regular reflection manner by the other

25 surface of the transparent member is incident on the



WO 2013/065765 PCT/JP2012/078266

10

15

20

25

123

image pickup lens is 6s, an incident angle of a

typical light beam of the emitted light on the

transparent member falls within a range 8Os - 30 deg

through @ s and an incident angle of a main element of

the emitted light on the transparent member is less

than Os.

Claim 2. The image pickup unit as claimed
in claim 1, further comprising

an optical filter that is put subseguent to
the image pickup lens, wherein

light having passed through the optical
filter is received by the image sensor,

~the optical-filter includes a substrate
that transmits incident light that is incident via
the image pickup lens, and

a spectral filter layer that is formed at a
part of an effective image pickup area on the
substrate and selectively transmits light of a
wavelength band including an oscillation wavelength
range of the light source from the incident light,
and

the image pickup device takes the image of
reflected light that includes regular reflection of

the emitted light reflected by the interface between
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the adhered object that adheres to the other surface
of the transparent member and air by using pixels
corresponding to an area at which the spectral filter

layer is formed.

Claim 3. The image pickup unit as claimed
in claim 1, the image pickup unit

emitting light from the side of the one
surface of the transparent member toward a second
adhered cobject that adheres to the one surface of the
transparent member, and

taking an image of scattered light of the

emitted light reflected by the second adhered object.

Claim 4. The image pickup unit as claimed
in claim 3, the image pickup uniﬁ

takinéban image of the reflected light via
a polarization filter layer that transmits only a p-
polarized element, and

taking an image of the scattered light via
a‘polarization filter layer that transmits only an s-

polarized element.

Claim 5. The image pickup unit as claimed

in claim 1, wherein
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the light source is put in such a manner
that in a.case where an angle of view for image
pickup for the adhered object is 6Bu, an incident
angle of horizontal direction of the emitted light on
5 the transparent member falls within a range Bu - 20

deg through Bu + 20 deg.

Claim 6. The image pickup unit as claimed
in claim 1, further comprising
10 another light source, wherein
the other light source is put in such a
manner that in a case where an angle of elevation of

the image pickup lens with reépect to a normal of the

transparent member which intersects an optical axis . .. ... .. ...

15 of the image pickup lens is Ba, an incident angle of
vertical direction of the emitted light on the
transparent member falls within a range Ba - 50 deg

through Ba + 20 deg.

20 Claim 7. The image pickup unit as claimed
in claim 1, wherein
the image pickup device is put in suchba
manner that regular reflection from the one surface
. 0f the transparent member from the emitted light is

25 prevented from being incident on the image pickup
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lens.

Claim 8. The image pickup unit as claimed
in claim 2, wherein

an incident position on the dne surface of
the transparent member of the emitted light is

included in the effective image pickup area.

Claim 9. The image pickup unit as claimed
in claim 1, further comprising:

a signal processing part that processes a
signal of the image sensor at a time of emitting

light from the light source and outputs an image

.signal; . and

an image analysis unit that carries out
image processing based on an output of the signal
processing part and outputs a signal as to whether a

raindrop has been detected.

Claim 10. A vehicle having the image
pickup unit claimed in claim 1 mounted in the vehicle,
wherein

the vehicle detects an adhered object that
adheres to the other surface of the transparent

member by the image pickup unit.
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Claim 11. The vehicle as claimed in claim

10, further comprising:

a wiper control unit that controls a wiper,

wherein

5 the wiper control unit controls the wiper
based on a detection result of the adhered object and

removes the adhered object.
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