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(57) Abstract: Disclosed 1s a display device including a passenger image capture unit configured to capture information of a passen -
ger who 1s riding 1n a vehicle together with a driver of the vehicle; an image generator configured to generate an image that shows a

condition of the passenger based on the mnformation that is captured by the passenger image capture unit; and an image display unit

driver.
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DESCRIPTION

TITLE OF THE INVENTION

DISPLAY DEVICE AND VEHICLE

TECHNICAL FIELD

The present 1nvention relates to a display

device and a vehicle including the display device.

BACKGROUND ART

As a new vehicle safety technology,
technology has been developed for a dlisplay device
that uses a stereo cameraeand/or a heads-up display
(Which mey be referred to as "HuD," hereinafter).
This technology is a combination of stereo camera
technology for measuring a distance and HuD

technology for directly projecting an i1mage on

driver's view. The market expects that video
experiences with "Augmented Reality (AR)" can be
achieved. In the market, technology has been

deVeloped to achieve autohomous driving, and it is
expected that, by the year 2020, a partially
autonomous driving'vehicle will appear on the market.
The current HuD technology may be
appreciated for providing safe driving by reducing

eye movement during manual driving. It is highly

PCT/JP2015/063539
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cbntroversial as to.how the human behavior i1nside a
vehicle will be changed, or how an interior of a
vehicle will be changed in a society 1n which the
above-described aﬁtonomoué driVinglbecomes common.
While it is highly controversial, 1t 1s expected that,
at least, a function will be necessary which 1s for
notifying passengérs of the "the current surrounding
conditiqns df their own vehicle."

When a child is riding on a vehicle with a

parent who is driving the wvehicle, such as a case

where a child 1s riding 1n a child safety seat that
is installed in a front seat or a rear seat of the
vehible, it 1s likely that the driver is distracted

and glances at the child to confirm safety of the

child.

SUMMARY OF THE INVENTION

PROBLEMS TO BE SOLVED BY THE INVEN?ION

St Sl

When a driver faces a passenger, a visual

field can be significantly shifted, and the visual

field can be deviated from the traveling direction of

the wvehicle. Such a situation may not be suitable

for traffic safety. Even if a driver does not face a
passenger, when the driver utilizes, for example, a

navigation device, the driver's line of sight may be
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deviated from the traveling direction of the vehicle,

thereby lowering safety.

There 1s a need for a display device or the

- 1like with which, while preventing deterioration in

safety, a driver can confirm a situation of a

passenger.

MEANS FOR SOLVING THE PROBLEMS

Accordrmj to an aspect of the present
inVention, there 1s . provided a display device
including a passenger 1mage capture unit configured
to capture 1information of a paésenger who 1s riding
in a wvehicle toget'her with a driver of the vehicle;
an 1mage generator configured to generate an image

that shows a condition of the passenger based on the

information that is captured by the pasSenger image

capture unit; and an i1mage display unit configured to
superimpose' the image with a visual field of the
driver, and configured to display the  image in the

visual field of the driver.

EFFECTS OF THE PRESENT INVENTION

According to an embodiment of the present
invention, a display device or the 1like can be

provided with which, while preventing deterioration
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in safety, a driver can confirm a situation of a

passenger.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a diagram illustrating an example
of a display device according to an.embodiment;

FIG. 2 1is adiagrém illustrating an example
of an 1mage displéy unit according to the embodiméht;

FIG. 3 is a diagram illustrating an example
of'operation of the'display device according to the
embodiment; .

FIG. 4 1s a diagram illustrating an example
of a hardware configuration for a'case in which a
driver image capture unit is a stereo camera;

FIG. 5 1s a flowcharﬁ showlng an example of
a flow to.determine whether an image is displayed;
and

FIG. 6 i1s a diagram showing an example'of an
image that 1s displayed by the display device

according to the embodiment.

BEST MODE FOR CARRYING OUT THE INVENTION

An embodiment of the present invention is
explained below by referring to the accompanying

drawings. In the draWings,'an 1dentical reference
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numeral may be attached to the same components, and
thereby duplicate explanations may‘be omitted.

FIG. 1 1s a diagram exemplifying a display
device 1 according to an embodiment of the present
invention. As shown in FIG. 1, the dispiay deﬁice 1
1s i1ncluded in a vehicle 120.' The display device 1
may 1include a driver 1mage capture unit 10; a forward
image capture unit 15; a passenger image capture unit
20; an image processing unit 40; an image display
unit 50; and a péssenger display 60, for example..
Note that the driver_image capture unit 10, the
forward image capture unit 15 and the passenger
display 60 can be optional components of the display
device 1, and they may not be eésential components of
the display device 1. The emquiment is explained by
exemplifying'a'car. However, the'embodiment 1s not
limited to this, and the display device 1 according
to the embodiment can be included in an airplane, a
Ship, or robot, for examplé. Note that, 1n this
specificatiOn,.a‘"vehicle" may‘refer to a car, an
airplane, a ship, or a robot, for exémple.

The driver image captﬁre unit 10 may 1nclude
a function for capturing an image of a driver 130 so
as to determine a condition of the driver-lBO of-thé

vehicle 120. As the driver 1mage capture unit 10, a
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monocular camera or a binocular camera (a stereo

‘camera) may be used, for example. The driver image

capture unit 10 can be arranged so that the driver
image capture unit 10 can capture iﬁages in the
vicinity of both eyes of.the driver 130 as'an angle
of view. The driver 1mage capturé unit 10 may be
arranged at any pdsition in the vehicle 120 1n

accordance with interior design of the vehicle 120.

-

0 may be

Fot example, the drive'imagé capture unit
arranged at a ceiling portion 6f the vehicle 120.
AlternatiVely or additionally, the driver image
capture unit 10 may be arranged at a top of a
dashboard of the‘ﬁehicle 120, for examﬁle.

The forward image capture unit 15 may

‘include a function for capturing an image in front of

the vehicle 120 so.as to determine presence or

absence of an object of which the ariver 130 needs to
be alerted to in front of the vehicle 120 (e.g., a
preceding vehicle, or a pedestrian), and/qr a
distance.between.the'vehicle 120 and a prededing
vehicle. Fof'the forward image capture unit 15, a
monocular camera or a binocular camera (a stereo
camera) may be used, for example. The forward 1mage
capture unit 15 méy be érranged at any positidn in

the vehicle 120 in accordance with interior design of
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the vehicle 120. For example, the forward image
capture unit 15 may be arranged at a ceiling portion
of the vehicle 120. Alternatively or additionally;

the forward i1image capture unit 15 may be arranged at

a top of a dashboard of the vehicle 120.

The passenger 1mage capture unit 20 includes

- a function for captﬁring an 1lmage of the passenger

140 so as to determine a condition of the passenger

140 that is riding ' in the vehicle 120 together with

the driver 130. As the passenger image capture unit

20, a monocular caméra Or a binocular camera (a
stereo camera) may'be used, for example. The
passenger~image‘¢apture unit 20 may be arranged'at |
any pdsition in the vehicle 120 in accordance with
interior design of the‘Vehicle 120. For example, the
passenger image capture unit 20 may be arranged at a
rear upper porﬁion of a front.seat of thé vehicle 120.
Alternatively or additionally, the passenger image
capture,unit 20 may bearranged at
a celling portioh of the vehicle 120.

The passenger imagé_capture unit 20 may

preferably have an angle of view that 1s wider than

“that of the driver image capture unit 10. Namely,

the passenger image capture unit 20 may preferably,be

arranged, so that the whole body of the passenger 140
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can be captured within the angle of view of the

passenger image capture unit 20. That is because the

passenger image capture unit 20 may be reqguired to

determine varieus conditions of the passenger.140._
For example, when three passengers can be
accommodated 1n a'rear_seat, the passenger lmage
captﬁre unit 20 may preferablyhave an angle of view

that is wide enough to capture conditions of all

three passengers.

Additionally, a plurality of image capture
units may be arrange in the vehicle 120 as the

passenger image_capture unit 20. For example, the

- image capture units may be arranged so as to ensure

that an image of the whole of the rear seat can be

captured. Additionally, an image capture unit that

is different from the image capture unit for the rear

seat may be provided so as to determine a condition

of a passenger in a front passenger seat. An example

of a position of the image capture unit that is for

determining the condition of the passenger 1n the

front passenger seat may be a position above a

dasnboard at the side of the front passenger seat.
The passenger 140 can be a child who is
sitting i1n a child safety seat, for example. However,

the embodiment 1s not limited to this. For example,
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the passenger 140'may be an adult who is s¢tting on
the rear-éeat of the vehicle 120. Alternatively, the
péséenger 140 may be sitting on the front passenger
seat, 1nstead of the.rear seat.

The'image processing unit 40 may include a
fundtion for generating a superiﬁpbsition,image based

on information that is obtained from the driver image

- capture unit 10 and the passenger image capture unit

20,ahdfor-outputting the superposition image on'the
display unit 50. The-image processing unit 40 may-be
arranged at any position within the vehicle 120. The
image processing unit 40.may have a.configuration

that includes a central processing unit (CPU); a

- read-only memory (ROM); and a main memory, for

example.

In this Case, various functions of the image
processing unit 40 can be implemented‘by readihg out
a program that 1s stored in the ROM or the like onto
thé main.memory and executing the program by the CPU.

Note that a part of or all the image'processing unit

40 may Dbe implementéd*only.by hardware. "Additionally,

the i1mage processing unit 40 may physically include a
plurality of devices.
The 1mage displiay unit 50 ié a so-called

"heads-up displaY" that 1ncludes a function to
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display, in the vehicle 120, the image that is

generated by the 1mage processing unit 40 as.a

virtual image that is superimposed onto the view of

the driver 130. The image display unit 50 may be

arranged at any position in the vehicle 120 in

accordance with interior design of'the vehicle 120.

For example, the image'diSplay unit 50 may be

‘arranged at a position above the dashboard in the

vehicle 120. Alternaiively, the 1mage diaplay unit
50 may be embedded in the dashboard.
- More specilfically, the“image display unit 50

can enlarge, by using a mirror, a lens, and/or the

like, an intermediate image that is internally

)

generated, and the image display unit 50 can display

the enlarged 1mage as a virtual 1mage. The image
diSplay unit 50 can display thé virtual i1mage Such
that the driﬁer 130 can view thé virtual image with a
feeling as‘if the-virtua; image were separated from a
visual point of the drivér“130 by a predetermined

distance. The image display unit 50 may be

 implemented as a panel projection type display, or a

laser scanning type display, for example. The image

display unit 50 may be any type of thése_displays.

The laser scanning type display may be preferable to

use 1in this embodiment because the laser scanning
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type display may allow widening of an angle of view
of the virtual image, and the laser scanning type
display may'display a high brightness image that is

robust against external light. In the following

explanation, a laser scanning type display 1s used as

an example’of the image display unit 50.

FIG. 2 1s a diagram exemplifying the image
display'unit 50 according.tO'the embodiment.‘ As ‘
shown in FIG- 2, the image display unit 50 may

include, at least, a light[source‘Sl; an;eptical

‘deflector 52; a first mirror 53; a scanned surface

54; and a second mirror 55. In FIG. 2, the numerical
reference 135 shows an eyeball of the driver 130
(which is referred to as the "eyeball 135,“

hereinafter), and the reference numeral 110 shows the

virtual image (which is referred to as the "virtual

image 110," hereinafter).
The light source 51.may include three laser

light sources that correspond to "R," "G" and "B,"

- respectively; a coupling lens; an aperture; a

synthetic optical elenent; and a lens,_for example.

Laser beams that are emitted from the three laser

(D

synthesized light beam is guided toward a reflection

surface of the optical deflector 52. The laser beam
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that 1is gﬁided toward the reflection sﬁrface'df the
optical deflectoi'52 is two-dimensionally deflected
by the optical defledtor 0Z2. .
As an example of the opticai deflector 02,
5 one micromirror may be used that.fluctuatés with -
respect to'two‘perpendicular axes. Alternatively,
two micrbmirrors may be uséd each of which fluctuates
or pivots wlth respect to cne axis. The optical
deflector 52 may be Micro Electro Mechanical Systems
10 (MEMS) that can be pfoduced by semiconductor
processing. For example, the optical deflector 52
can be driven by-an actuator'that utilizes
defOrmatioh‘force of a piezoelectric eiement as thé
driving force. .
15 ' A light beam'bundlé that 1s two-

dimensionally deflected by the optical deflector 52

snters the first mirror 53, and the light beam 1s
reflected by the first mirrdr 53, and thereby a two-
dimensional 1image 1s rendered on the scanned surface

20 >54. As an example of the first mirror 53, a concave

 mirror”may be used. A reflection surface of the
first mirror 53 may be an anamorphic mirror, for
example. Namely, the reflection surface of the first
mirror 53 may be such that a curvaturé in a

25 predetermined direction is different from a curvature
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‘in the direction that is perpendicular to the
predetermined directionr- When the reflection surface
of the first mirror 53 is an anamorphic mirror, a
cnrved surfaee shape ef the reflection surface Can,be
5 adjusted, and aberratiqn correetion performance can

be enhanced. '

The scanned surface 54 can be a transparent
surface on which a two—dimensional‘image is formed by
a light beam bundle that is reflected on the first

10 mirror 53 and enters the scanned surfaee >04. The

scanned surface 54 has a function to diverge a

~synthesized laser beam at'a_desired divergence angle.
- For example, the scanned surface 54 may preferably
~ have a micrO—lens array structure. The light beam
15 bundle that is emitted from the scanned surface 54 is
enlarged and displaYed by the second mirror.55‘and a
- semi-transparent mirror 59. For the second mirror 55,
a concave mirror‘can be used, for example. The 1mage
display unit.50 may 1include a transmission type
- 20 OptiCalleiement,'such as a lens or a prism..
The semi—transparent mirror 59 can be a
mirror whose transmittance 1n a visible regioniis 10
to 70%. On one side,of-the seml-transparent mirror
59 onto which the light beam bundle that is reflected

25 by the second mirror 55 is incident, the semi-
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transparent mirror 59 has a reflection surface on
which a dielectric multilayer film or a wired grid is
formed, for example. The reflection surface of the

semi-transparent mirror 59 may be a mirror surface

emlitted by a

laser and that is within a predetermined wavelength
range 1s selectively reflected. Namely, the
reflection surface of the semietransparent'mirror 59
may be a-reflection surface that 1s formed'so that a
reflection coefficient'is increased for a light beam
bnndle havingrefiectionpeaks or reflection
bandwidths that include light beams emitted from
three lasers correspending'to."R," "G" and "B."
Aiternatively or additionally, the reflection surface
of the semi~transparent mirror.59 may be a reflection

surface that is formed so that a reflection

‘coefficient is increased for a light beam bundle in a

specific deflection direction.

Fer example, the Semi—transparent mirror 59
can be integrated with a front windshield'l25'(cf.
FIG. 1) of the vehicle 120. By providing the image
display unit 50 in front of thedriver'lBO 1n the
vehicle, a light beam bundle that 1s reflected by the
reflection surface of the semi-transparent mirror 59

can enter the eyeball 135 of the driver 130 in a
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driver's seat. Then, a two-dimensional image of the

' scanned surface 54 can be viewed by thé,driVer 130 as

an enlarged virtual image 110 at a predetermined

position that is a forward position relative to the

position of the reflection surface of the semi-
transparent_mirror 59. Namely, by the image display
unit 50, a so-called "heads-up display" can be

achieved.

Referring to FIG. 1, the passenger display

- 60 may have a function for displaying an image that

18 captured.by the driver image capture unit 10. The
passenger display 60 can be arranged‘at any position
in- the vehicle 120 1in accordance with the interior

design of the vehicle 120, provided that an image on

the passenger'displayj60 can be viewed by the

passenger 140. For'example;‘the passenger display 60

may be arranged at a rear upper portion of the front

seat of the vehicle 120.

Next, there is explained, by referring to
FIG. 3, an examble of ah éigbrithm for processing
information that is obtained by the image processing

unit 40 from the driver image capture unit 10 and the

—

passenger image capture -unit 20.
Optical information that is obtained from

the driver image capture unit 10 is transmitted to a
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driver's line—of;sight detector 42 of the image
processing unit 40. The driver's line—of—Sight
detector 42 can detect a direction of the line of

sight of the driver 130 baSed on the optical

information that 1s captured by the driver image

capture unit 10. Specifically, when the image
informatibn_of thé eyés 1s to be‘uSed, for example, a
method can be used that.is for detecting a direction
of the line of sight'by traéking the movemént of the
pupils."Alternatively or additionally, when the
image information of the face 1is to-be used, a method

can be used that is for detecting a direction of the

line of sight by recognizing characteristic image

~areas of the face (e.g., the eyes, the mouth, and/or
the nose),'or a method can be used that is for
detectinga dlirection of the.line of sight from

facial contour informatidn. The direction of the

line'of sight of the driver 130 that i1s detected by
the driver's‘line—of—sight detector 42 is transmitted
to an 1mage generator 43f

Thé optical infOrmation'that is obtalned by

the passenger image capture unit 20 is transmitted to

a passenger condition detector 41. Additionally, the

optical information that is obtained by the passenger

image capture unit 20 is transmitted to the image
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generator 43 of theimageprocessing unit 40 via the_
passenger condition detectdr 41 of the image”
processing unit 40. The paséenger'céndition detector
41-Can détect, baSed on the optical information that
is.captured by the passenger capture.unit 20, a
condition of the passéhger 140 (e.g;, a degree of
fatigue, or a degree of excitement) byiimége
recognitibn,'for éxample.

Specifically, for example, the face of the
passenger 140'is récognized and imagés corresponding

to the areas of the eyes are extracted. From time-

.dependent variation of the extracted i1mage, opening

and closing of the eyelids are detected, thereby

calculating blinking time (for example, a time period,

per blink, within which 1t can be recognized that the
eyes are closed) of the passenger 140. Then, Dy

comparing the current blinking time with the normal

‘blinking time, the degree of'fatigue of the passenger

140 (e.g., a high degree of drowsiness) can be

deteCted. Additionally or alternatively, by

recognizing movement of arms and/or legs of the

passenger 140, and by comparing the recognized

movement of the arms and/or legs with the normal

movement of the arms and/or legs, the degree of

25 excitement of the passenger 140 (e.g., being
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irritated) can be detected. The condition of the
passenger 140 that is detected by the passenger

condition detector 41 is transmitted to the image

generator 43 of the image processing unit 40.

Note that as a normal condition of the
passenger 140, a condition of the passenger 140 at
the start of the'driving can be used, or a value that

1s estimated:from past_histbry or the like can be

- used. Alternatively or additionally, data of a
normal condition can be stored, for example, in a ROM,

in advance.

FIG. 4 is a,diagram,exemplifying a hardwaré
configuration when the driver image capture unit 10

is a stereo camera. When the driver image capture

unit 10 1s a stereo cameré, the driver image capture
unit 10 may include a first camera unit 12 and a
second camera unit 13. One of the first caﬁera unit
12 andlthe second camera unit 13 is for the left éye,‘

and the other is for the right eye. When the first

'camera unit 12 and the.second camera unit'13'are-

arranged in parallel, depth information of a captured

object can be obtained by utilizing disparity

information between the first camera unit 12 and the
second camera unit 13. Namely, three-dimensional

information of the captured object can be obtained.
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The first camera'unit.12 and the second

- camera. unit 13 are arranged substantlially parallel to

each other, for example. The first camera unit 12

- may include a lens 1l2a; an image sensor 12b; and a

Sensor controller'120.  Similarly, the second camera
unit 13 may include a lens 13a; an image sensor 13b;
and a sensor controller 13c. l

Fér each of the imagé sensors 12b and 13b,‘

an image sensor, such as a charge coupled device

(CCD) Oor a complementary material oxide semiconductor

device (CMOS),'can be used. The sensor controlleﬁ

12c may.include-funCtions for executing exposure
control of the image sénsor.le; image reading
céntrol; Commﬁnicatioﬁ with an external circuit; and
image data transmissioﬁ'control. Similarly, the

sensor controller 13c may 1nclude functions for

- exXecutlng exposure control of the image sensor 13b;

image reading control; communication with an external

circuit; and image data transmission control. Each

of the sensor controllers 1l2c and 13c.may include a

- CPU; a ROM; and so fdrth.

The driver 1image Capture unit 10 can be

connected to the image processing unit 40 through a

"data bus line or a serlal bus line, for example. The

image processing unit 40 can generate a brightness
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image and a disparity image pased on optical

information that is obtained from the driver image

capture unit 10. Additibnally, the image processing

‘unit 40 can recognize an object by executing various

processes, such as a context recognition process.
A portion of orkall the functions of the

image_proceesing unit 40 may be included 1n the

driver image capture unit 10. Namely, a

configuration can be used such that, for the driver
image capture unit 10, a CPU and the like are

proVided in the same housing, and thereby 1image

.proeessing can be executed.. Note that when the

forward image capture unit 15 1s a stereo camera, a

hardware configuration that 1s the same as that of

FIG. 4 can be used. Similarly, when the passenger

image_captﬁre unit 20 is a steree camera, a hardware
configuration'that is the same as that of FIG. 4'can
be used. .

Referring to FIG. 3 agailn, the'image

generator 43 of the image processing unit 40 can

generate an image that shows a condition of the

passenger 140, and the i1mage generator 43 can

transmit the generated image to the image display
unit 50. The image display unit 50 can display an

image that 1s generated by the i1image generator 43
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while superimposing the image with a view of the
driver 130.
When the‘image'generator 43 can recognize

that the passenger 140 1s sleepy, for example, Dby the

-information from the passenger condition detector 41,

the image generator 43 can generate an image'that 18

obtained by adding a text, "sleepy," to an image of

the passenger 140-that is captured by the paSsenger-

image capture unit 20, and the image generator 43 can

‘transmit the generated image to the image display

unit 50. Note that the image-display unit 50cah
display not ohly.the image of the passenger.140, but
also an image of the whole rear seat that includes
the passenger l40.

The image generator 43 may determine whether

the generated'image is to be displayed as an

ilnterrupt image by the image display unit 50, based

on a change in a direction of the line of sight of

the driver 130fthat 1s detected by the driver's line-
of-sl1ght detector 42.p_Fof example, durihg driving iﬁ
an unfamiliar place, in a situation in which a
distance between vehicles is.short, or 1n a situation
in thch‘there are many objects of which the driver
130 needs to be alerted to, the attention of the

driver 130 can diverge. Thus, the trajectory of the
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line of sight may be complicated, and the moving
range can be enlarged. ‘
When the 1mage generator 43 recognizes that
the direction of the line of sight of the driver 130
that 1s detected by the.driver's.line—of—sight -
detector 472 moves in é complicated manner, and/or
when the image generétor 43 recognlzes that the -
moving range of the line of sight of the driver 130

is enlarged, the image generator 43 may not transmit

the,generated image to the image display unit 50 so
that thé driver 130 can focus on driving; The-image |
generator 43 can determine whether the'generated'

image.is to be transmitted to the image'display unit

50, based on the'information that is obtained from
the forwafd‘image capture-uﬁit.IS.

When the image geherator'43-reCOgnizes that
the direction'of the'line—of—sight of the driver 130

that is detected by the driVer's lihe—of—sight

detector 42 is stable, the image géneratOr 43 may
transmit the génerated image to,the_image display.
unit 50. In this manﬁér,_the image display unit 50
cah display an image that is superimposed with the
view of the driver 130. However; 1n certain
conditions, such as the'above—described conditions,

the image display unit 50 may not display an 1image
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that 1s superimposed with the view of the drivér 130.
Aé a method of deteCting a directilion of é

_liné of sight,for determiniﬁg whether aﬁ image 1s to
be displéyed, for example, a method,caﬁ be used ih
5 which pupilé are detected, and thé direction of the

line of sight 1is detected in real—time from the

positions of the.pupils'and the pbsitions of the.eyes

(ctf. Japanese'Unexamined Papent Publication No. 2003-

15816, for eXample). .

10 - Additionaily Qr-altérnatively, another
méthodofdetecting a direction df the lihe of sight
can be used.. In this method; a normal direction of a

' plane-tﬁat includes points on the iris outline 1is
obtained from three-dimensional coordinates of the

15 eye contoﬁr,'and the center of the iris is dbtained
‘ at the_same time. = Then, the method detects, among

the.nbrmal lines:of the plane that includes the
poiﬁts on the ifis outline, a line that pésses
thrdugh the center of the iris as. a direction‘of a
20 line of sight (cf. Japénese Unexamined Patent
'Pubiication_No; 2004—255074, for example).
Additionélly or alternatively, another
method of détecting the direction of the line of
'sight can be used. In this method, a three-

25 . dimensional position of the center of a face is



CA 02944844 2016-10-04

WO 2015/174383 . PCT/JP2015/063539

10

15

20

25

D4~

calculated as a reference position. At the same time,

a three-dimensional position of the center point

between the center of the left pupll and the center
of the right pupil in the lateral direction is

calculated as a.characteristic position. The method

detects the direction of the linelof-sight based on a

shift amount of the characteristic position relative

to the reference position (cf. WO 2008/007781, for

example). Alternatively'or additionally, a method
other.thanthe methods that are exemplified herein
can be used as a method'of detecting the direction of
the_line of sight. ‘

Nete that the situation of driving 1n an
unfamiliar place, the situation in which a.distahce

between vehicles is short, or the situation in which

'there are many.objects of which the driver 130 needs

to be alerted to can be determined by another method.
During the situation of driving in an

unfamiliar place, the image generator 43 may not

transmit the generated image to the image display

unit 50 (i.e., the image display unit may not display

the image). The determination as to whether the
current location is an unfamiliar place can be made
by storing location information of the places that

have been visited in the past and determining that
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the current location.is a location that has not been

~ visited in the past. Alternatively, the driver 130
“may be allowed to select by using a switch whether

the current location is an unfamiliar place.

Alternatively or additionally, during the

situatilion in which a distance between vehicles is

‘short, the image generator 43 may not transmit the

"generated image to the image display unit 200 (1.e.,

the image display unit may not display the image).
The determination as to whether the distance between
the vehicles is short can be made by determining

whether the distance between the vehicle. 120 and the

"preceding vehicle is greater than a threshold value,

as a result that the forward‘image capture unit 15 of
FIG. 1 recoghizes the preceding vehicle and that the
fOrwerd image capture unit.iS measures the distance
between the preceding vehicle and the vehilicle 120.
Note'that,-instead of.measuring a‘dietance by the
forward image capture unit 15, a millimeter wave

radar or a laser radar can be used for measuring a

- distance.

Alternatively or additionally, during the

situation in which there are many objects of which

the driver 130 needs‘to be alerted to, the image

N

- generator 43 may not transmit the generated 1mage to
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the image display unit 50 (i.e., the image display

unit may not display the image).' The determination
as toiwhether there are mahy objects of which the
driver 130 needs to be alerted to can be made by
determining, as a result that the fofward image
capture unit 15 recognizes the objécts of which the
driver 130 needs to be alerted to,'sﬁch as preceding
vehicles and/or‘pedestrians,-whether'the number of

the objects of which the driver 130 needs to be

alerted to during driving of the vehicle 120 1is

greater than a threshold valué,

Th

cse steps may be combined, and the flow

that 1s shown in FIG. 5, for example, can be utilized.

Namely, at step-8501, thé image genérator:43
generates an image. Subsequently, at step S>502, the
image generator 43 determines whether.the drivef 130
is driving 1n an unfamiliar place. When a.

determination is made at step S502 that the driver

|

30 1s driving in'an'unfamiliar place, the process
proceeds to step-8507,'ahd the i1mage generato: 4 3

does not fransmitthe generated imége.to the‘image
display unit 50. As a result, the image display unit
50 does not display the image. ‘
- When a.determination 1s made at step S5S502

that the driver 130 is not driving in an unfamiliar
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- place, the process proceeds to step S503, and the

image.generator 4 3 détermines,whether a distance
between vehicles is short. Then, when a

determination is made at step S503 that the distance

petween thecvehiCles'is short,‘the Process proceéds

to step S507, and the image generator 43 does not'

transmit the generated image to the image display
unit 50. As a result, the image display unit 50 does

not display the image.

When a determination is made at step S503
that the distance between the vehicles is not short,
theproéessproceeds'to step S504, and'the image
generator 43 détermines whether there are mény

objects of which the driver 130 needs to be alerted

to. Then, when a'determination is made at step 504

that there are many objedts of which the driver 130

needs.to be alerted to, the prOCeSs proceeds to step
S507, and the image generator 43 does notltransmit
the generated image to the image display unit 50. As
a result, the image display unit 50 does not display
the image.. . ‘

When a determination is made at step S504

that there are not so many objects of which the

driver 130 needs. to be alerted to, the process

proceeds'to step S505, and the image generator 43
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determines whether a direction of a line of sight of

the driver 130 1is moving 1in a COmplicated manner, and

N
v

e image generator 43 determines whether‘the'
direction of the line of sight of the driver 1is
moving extensively. Then, when a determination is

made at step S505 that the direction of the'line of

'sight of the drive is moving in a complicated manner,

‘or that the direction of the line of sight of the

~

driver is moving extensively, the process proceeds to

step S507, and the image generator 43 does not

transmit the generated image to the'image dlisplay

unit 50. As a result, the image display unit 50 does

not display the image.
-'When'a'determination 1s made at step S505
that the direction of the line of sight of the driver

is not moving in a complicated manner, and that the

direction of the line of sight of the driver is not

moving extensively, the process proceeds to step S506,

and the image generator 43 transmits the generated

‘image to the 1mage display unit 50. As a result, the

image display unit 50 displays the'iﬁage.
Additionally or‘alternétively, when the’

imége generator.43'recognizes that there is no

abnormality 1n a condition of the passenger 140 (e.g.,

not being fatigued or not being excited) based on the
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information from the paSSenger condition detectOr 41,
the.image generator 4 3 may not transmit the generated
'image tolthe_image display unit 50. In this case,
"the image display unit 50 does not display a
condition of the passenger'140, and the image display
unit 50 can preferentially display information that
may be required for driving the vehicle 120, such as
vehlcle speed er notice. :By.tnese'features, 1t 1s
posslible to_prevent display, by the image display
unit 50, of a condition of tne.passenger 140‘from
beeemingdan obstructiveafactor of safe driving.
" The image that is.generated by the image
generator 43 may be displayed at a position.in
‘consideration of the view.of the driver 130 that 1is
detected Dby the driver's line—of—sight'detector 42 .
Namely, when the image that is generated by the image
generator-43'is displayed at the center 1in the
ditectienof the iine ef.sight.of the driver 130, 1t
18 possible that the imageamay prevent safe driving
20 by the'dtiver‘i30. Thus, the image that is generated
' by:the image generator 43 may pteferably be displayed
at a position that 1is within the view’of the driver
130 and that is separated from the center of the

direction of the line of sight of the driver 130. In

this manner, safe driving by the driver 130 can be
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ensured.

Note that the image generator 43 may

.generate an lmage that is captured by the paSSenger

image capture unit 20 as it is, and the image

generator.43 may'transmit the generated image to the
image dieplay unit 50. In this case, the text or the
like‘maynot be displayed, and only the image of the
passeﬁger 140 can be.displayed in fhe'view ef.the
driver 130 by the image display unit 50.
Alternatively, the 1mage generator 43 may generate an
image that only includes the-text or the like, ahd

the.imége'generator 43 may transmit the generated

image to the image display unit 50. - In this case, an

image'of-the passenger 140 may not be displayed, and

- the image that only includes the text or the like may

~ be displayed in the view of the driver 130 by the

image display unit 50.

Namely, an'image'that 18 generated by the

image generator 43 and that indicates a condition of

the passenger 140 may'be an image that only 1ncludes
an image of the passenger 140; an 1mage that only
includes text or the like that 1ndicates the

condition of the-passenger 140; or an image that 1is

obtained by adding the text or or the like that'

indicates the condition of the passehger 140 to the
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'image.of the passenger 140.

. An image of the driver 130 that is captured
by the driver image capture unit 10 may be displaYéd
by the passenger diSpiay 60.'The'passenger140 can

view the face and body ot the driver 130 through.the‘

~image that 1s displayed by the passenger display 60.

Thus, nervousneés of.the passengér 140 that is causgd
by being captured'alone cén be removed, and the
passenger 140 can obfain a sense of security by
presence'ofthe driver 130. Additionally, the driver
130 can view the imagé Qf-thé passenger 140 that 1is
SUperimposéd.with and displaved in the view of the
driver 130, and thelpassenger'l40 éan‘view thé'image
of the driver 130 that is displayed by the passenger
dispiayg60. Thus, the driver i30.and the passenger
140:cah comfortably'COmmunicate with each other while-
viewling each otherfs face. -

FIG. 6‘is a diagram'showing én‘example of an

image that is displayed by the display device 1

~according to the embodiment. In the example of FIG.

6, 1n addition to én indication 201 of the vehicle
speed, an 1lmage 202 of the passenger 140 1is displayed

in the view of the driver 130. As described above,

'in addition to or alternatively to the 1image 202,

text or the like that indicates a condition of the
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prassenger 140 may be displayed.- Note that, in

general, the area in which the'image 1S diéplayed 1S

arranged at a lower part of the front windshield so

that the image.does not prevent driving by thé driver
130.  However, és described-abové,‘the area in which
the image,is displayed.may be suitably changed based
on the line of éiéht Qf the driver 130.

In this manner, the image display device 1

according to the embbdiment can display information

about the passenger 140 (e.g.,énimage‘of the‘actual
face and body of'the'passenge: 140, or‘texfor the:
like that indicates a condition of fhe pasSenger 140)

in. the front passenger seat or in the rear seat while

superimposing the information with a view of the

driver 130. With such a configuratién, the driver
130 can obtaininformation.aboﬁﬁthe passenger 140
almost withdut moving a‘visual.field of the'driver_
130, namely, almost without lowering the safety.
That is,it'ispossibleto achieve both the safe

driving of the driver 130, and the smoothness of the

communication with the paSSenger 140.

The display device and the vehicle are
explained above by the embodiment. However, the
present inventlion 1s not limited to the above-

described embodiment, and various variations and
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modifications may be made without départing from the
scope of the claims. - '
For example, the image generator 43 may
generate an image, such as the images that are
5. described below. When theimagegeneiator 4 3
‘recognizes, based on information from the passenger
-cbndition'detector 41; that a child'as a passenger
140'touChes a door lock on fhe vehicle 120;‘or that'
the‘child 1s standling on the seat, the image
10 generator 43 may.generate an lmage that 1is obtained
by adding text, "danger," to the image of.the
.passenger 140. ‘Additionally,'when ﬁhe image

generator 43 recognizes that a physical condition of

the-child,is not gond, the image generator 43 may
15 generate an image that is:obtained by.adding text,
"bad'physical condition," to the‘imageof the . .
passenger 140. Alternatively, in these cases, the
~image generator 43_maY‘genefate an image that

~1ncludes text only.

'20- The above—described”detéction of the
condiﬁion of the passenger 140 can be executed by
image recqgnition with a camera, such as the
passenger 1mage capture unit'20.*‘However; note'that‘
the above—déscribed detectlion of the condition'of the

25 passenger 140 can be achieved by various methods,
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such as a method of detecting an amount of
perspiration of é pérSon sitting in the passenger,
seat by a sweat sensor, or'aomethod of deﬁectihg
pulse of a person Sitting in the passenger seat by a
pulse seneor‘(cf.'Japanese UneXaminediPatent
Publication No. 2014-92965, for example).

The vehicle 120 1is not limited to a private

e vehicle 120 may be a taxi.

N

vehicle. For example, th

“When the vehicle 120 is a taxi, by displaying a

condition of a passenger (i.e., the passenger 140) on

ithe display unit 50, the condition of the passenger

can be conveyed to a taxi driver (i.e., the driver
130) . . -

Additionally, the display device 1 may
operéte,'eniy if the driver 130 instructs the display'

device 1 to‘operate."For example, when the driver

130 presses a switch that is provided in the vicinity

of a steering wheel, the display device 1 my be

aetivated; the passenger image,captdre'unit 20 may

capture an image of the passenger; the image

generator 43 may'generate a predetermined image;'and

the predetermined image can be superimposed with and

‘displayed in,the‘view of the driver 130. 1In other

" words, only when the driver 130 needs to know a

condition of the passenger 140, the display device 1
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~can be operated.
in the above-described embodiment, an
example of the 1mage display'unit SOisshownin
which three lasers are used.n HoWever, the embodiment
5 .is not limited to this. 'For_éxample;a configuration
can be considered_such tﬁat a singlé laser 1s used
and a monochrome image 1s fOrmed. In such a case,
the synthetic bptical.element may not be required.
The present applicatioh 1s based on and
10 claims thé benefit of priority of Japanese Pateht
Application No. 2014-102093 filed dn Méy le, 2014,
and Japanese Patent Application No. 2015—061053 filed

on March 24, 2015.

15 DESCR;PTION_QF;THE_REFERENCE NUMERALS
10: DRIVER IMAGE CAPTURE. UNIT
12: FIRST CAMERA UNIT '
12A, 13A: LENS
12B, 13B: IMAGE SENSOR
20 12C, 13C: SENSOR CONTROLLER

13: SECOND CAMERA UNIT

15: FORWARD IMAGE CAPTURE UNIT
20: PASSENGER IMAGE CAPTURE UNIT
40: IMAGE PROCESSING UNIT

25 41: PASSENGER CONDITION DETECTOR‘
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42: DRIVER'S LINE*OF—SIGHT DETECTOR
43: IMAGE GENERATOR ' '
50: IMAGE DISPLAY UNIT
- >l: LIGHT SOURCE
5 52: OPTICAL DEFLECTOR
53: FIRST MIRROR
54: SCANNED SURFACE
'55} SECOND'MIRROR.
'59: SEMI-TRANSPARENT MIRROR‘
10 ' 60: PASSENGER DISPLAY
110: VIRTUAL IMAGE
120:'VEHICLE'
125: FRONT WINDSHIELD
130: DRIVER
15 135: EYEBALL
140: PASSENGER
1 201: INDICATION OF VEHICLE SPEED

202: IMAGE OF THE PASSENGER

20 '[Eatent Documents]'
‘Patent Document 1: Japanese Unexamined Patent
Publication No. 2003-104132
Patent.Doéument 2 : Japanese Unexamined Patent

Publication No. 2003-237466

23
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AMENDED CLAIMS
received by the International Bureau on 24 August 2015 (24.08.2015)

CLAIM 1 (Amended). A display device
comprlising:

d passenger imége capture unit configured to
capture information of a passenger who i1is riding 1n a

vehicle together with a driver of the vehicle;

an 1lmage generator configured to generate an

~1lmage that shows a condition of the passenger based

on the information that 1is captured by the passenger
image capture unit;

an image display unit configured to
superimpose the imagé with a visual field of the
driver, and configured to display the i1mage 1in the
visual field'of the driver; and

a passenger condition detector configured to
detect the condition of the passenger,

wherein the 1mage generator 1s configured to
generate the 1mage based on the information captured
by the passenger 1mage capture unit and information
that 1s obtéined from the passenger condition

detector.

AMENDED SHEET (ARTICLE 19)
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CLAIM 2 (Amended). The display device
according to claim 1,
wherein the passenger condition detector 1S
configured to detect the condition of the passenger
5 based on the information that 1s captured by the

passenger image capture unit.

10
CLAIM 3 (Amended). The display device
according to claim 1 or claim 2,
wherein the image 1ncludes text that 1is
generated based on the information that 1s obtalned

15 from the passenger condition detector.

20 | CLAIM 4 (Amended). The display device

according to any one of claims 1 to 3, further
comprising:
a driver 1mage capture unit configured to

prive.

‘capture information of the driver; and

oo
—

25 a driver's line-of-sight detector configured

AMENDED SHEET (ARTICLE 19)
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to detect a directlion of a line of sight of the
driver based on the information that is captured by
the driver 1mage capture unit,
wherein the display device 1s configured to
5 determine whether the image 1s to be displayed, based
on a change in.the direction of the line of sight'qf.

the driver.

10

CLAIM 5 (Amended).. The display device
according to claim 4, '
wherein the display device i1s configured to
15 display the 1mage at a‘position 1n consideration.of

the direction of the line of sight of the driver.

20
CLAIM 6 (Amended). The display device
according to claim 4 or claim 5,
whereilin the passenger_image capture unit has

F

an angle of view that 1s wider than that of the

25 driver image capture unit.

AMENDED SHEET (ARTICLE 19)



CA 02944844 2016-10-04

WO 2015/174383 PCT/JP2015/063539
46

5 CLAIM /7 (Amended). The display device

—

according to claim 6,

wherein the passenger 1s 1n a rear seat of
the vehicle, and ”
whereln the passenger imagécapture unit 1s
10 configured to capture an image of a whole of the rear

seat that 1ncludes the passenger.

15
CLAIM 8 (Amended). The display device
according to any one of claims 4 to 7, further
comprising:
a passenger display,

20 _ wherein the display device 1s configured to
display an image that i1s captured by the driver image
capture unit on the passenger display.

25

AMENDED SHEET (ARTICLE 19)



CA 02944844 2016-10-04

WO 2015/174383 PCT/JP2015/063539

10

15

20

25

47

CLAIM 9 (Amended). The display device
according to any one of claims 1 to 8,

whereln the image display unit is Configured
not to display the image that 1s superimposed with

the visual field of the driver under a predetermined

condition.

CLAIM 10 (Amended). The display device
according to claim 9,

wherein, when the direction of the line of
sight of the driver 1s moving 1n a complicated manner,
or when the direction of the line of sight of the
driver 1s moving extensively, the image display unit
1s configured not to displéy the image that. K is

superimposed with the visual field of the driver.

CLAIM 11 (New). The display device

according to claim 10, further comprising:

AMENDED SHEET (ARTICLE 19)



10

15

20

22

CA 02944844 2016-10-04

WO 2015/174383 PCT/JP2015/063539

48

a distance measurement unit configured to
measure a distance pbetween the vehicle and another
vehicle i1in front of the vehicle,

whereilin, 1n response to determining that the
distance 1s short from a distance measurement result
by the distance measurement unit, the image display
unit is configured to avoid displaying the image that

1s superimposed with the visual field of the driver.

CLAIM 12. Theidisplay device according to
any one of claims 1 to 11,

wherein the 1mage display unit includes a
laser light source, and an optical deflector

configured to deflect a laser light beam that is

.

emlitted from the laser light source.

CLAIM 13. A vehicle comprising:

the display device according to any one of

claims 1 to 12.

AMENDED SHEET (ARTICLE 19)
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