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A head-up display includes an optical system that radiates
light forming a projected 1mage toward an eye box. The eye
box 1s a predetermined range 1n which eyes of an observer
are assumed to be present. The optical system includes a
Fresnel lens having a bumpy surface having a sawtooth-
shaped cross-section. The bumpy surface 1s formed concen-
trically around an optical axis, and formed by alternately
disposing first surfaces as light condensing surfaces that
allow incident light to converge toward a focal point, and
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incident light to converge toward the focal point. The second
surtfaces are inclined with respect to the optical axis of the
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HEAD-UP DISPLAY

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application 1s a continuation of the PCT International
Application No. PCT/JP2016/005048 filed on Dec. 2, 2016,
which claims the benefit of foreign priority of Japanese
patent application No. 2016-009292 filed on Jan. 20, 2016,
the contents all of which are incorporated herein by refer-
ence.

BACKGROUND
1. Technical Field

The present disclosure relates to a head-up display.

2. Description of the Related Art

As a display device for displaying an image, for example,
a head-up display (HUD) for a vehicle has been known (see,
for example, Japanese Patent Unexamined Publication No.
2014-43203; herematter referred as PTL 1). The head-up
display uses a so-called augmented reality (AR), and dis-
plays a virtual image of an image which 1s formed on a
movable screen, in space in front of a windshield of a
vehicle. This can allow a driver to view information about
driving (for example, car navigation information) superim-
posed on a scene in front of the windshield.

SUMMARY

The present disclosure provides a head-up display capable
of reducing the deterioration of 1mage quality.

A head-up display in accordance with one aspect of the
present disclosure includes an optical system that radiates
light forming a projected 1mage toward an eye box. The eye
box 1s a predetermined range 1n which eyes of an observer
are assumed to be present. The optical system includes a
Fresnel lens having a bumpy surface having a sawtooth-
shaped cross-section. The bumpy surface 1s formed concen-
trically around an optical axis, and formed by alternately
disposing light condensing surfaces that allow incident light
to converge toward a focal point, and wall surfaces that do
not allow the incident light to converge toward the focal
point. Each of the wall surfaces 1s inclined with respect to
the optical axis of the Fresnel lens at an angle to the incident
reflect light striking each of the wall surfaces, 1n a direction

toward outside of a range of the eye box.

A head-up display of another aspect of the present dis-
closure includes an optical system that radiates light forming
a projected image toward an eye box. The eye box 1s a
predetermined range 1n which eyes of an observer are
assumed to be present. The optical system includes a Fresnel
lens having a bumpy surface having a sawtooth-shaped
cross-section. The bumpy surface 1s formed concentrically
around an optical axis, and formed by alternately disposing
light condensing surfaces that allow incident light to con-
verge to a focal point, and wall surfaces that do not allow the
incident light to converge toward the focal point. Each of the
wall surfaces 1s inclined with respect to the optical axis of
the Fresnel lens at an angle such that the incident light on the
Fresnel lens does not directly strike each of the wall sur-
faces.
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The head-up display of the present disclosure 1s capable
of reducing the deterioration of 1mage quality.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 1s a view showing an example of use of a head-up
display 1n accordance with a first exemplary embodiment.

FIG. 2 1s a view showing a region of an image displayed
by the head-up display in accordance with the first exem-
plary embodiment.

FIG. 3 1s a view showing an example of an image
displayed by the head-up display in accordance with the first
exemplary embodiment.

FIG. 4 1s a view showing a configuration of the head-up
display 1n accordance with the first exemplary embodiment.

FIG. § 1s a block diagram showing a functional configu-
ration of the head-up display 1n accordance with the first
exemplary embodiment.

FIG. 6 1s a plan view of a Fresnel lens seen from a
direction of an optical axis 1n accordance with the first
exemplary embodiment.

FIG. 7 1s a sectional view taken on line VII-VII of FIG.
6.

FIG. 8 1s a sectional view corresponding to FIG. 7,
showing a Fresnel lens 1n accordance with modified example
1 of the first exemplary embodiment.

FIG. 9 1s a sectional view corresponding to FIG. 7,
showing a Fresnel lens 1n accordance with modified example
2 of the first exemplary embodiment.

FIG. 10 1s a plan view of a Fresnel lens seen from a
direction of an optical axis 1n accordance with modified
example 3 of the first exemplary embodiment.

FIG. 11 1s a sectional view corresponding to FIG. 7,
showing a Fresnel lens in accordance with a second exem-
plary embodiment.

FIG. 12 1s a sectional view corresponding to FIG. 7,
showing a Fresnel lens 1n accordance with modified example
1 of the second exemplary embodiment.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

Findings Underlying the Present Disclosure

The present inventors have found that the following
problem arises in the technology described 1n the section of
“BACKGROUND”.

The head-up display of PTL 1 uses a Fresnel lens for a
video-based optical system (for example, an eyepiece opti-
cal system). In the head-up display of PTL 1, since concen-
tric circular stray light 1s generated due to scattered light and
reflected light 1n the step shape of the Fresnel lens, and the
stray light 1s overlaid on the image, thus deteriorating the
image quality.

In order to solve such a problem, the head-up display 1n
accordance with one aspect of the present disclosure
includes an optical system that radiates light forming a
projected 1mage toward an eye box. The eye box 1s a
predetermined range in which eyes of an observer are
assumed to be present. The optical system includes a Fresnel
lens having a bumpy surface having a sawtooth-shaped
cross-section. The bumpy surface 1s formed concentrically
around an optical axis, and formed by alternately disposing
light condensing surfaces that allow incident light to con-
verge toward a focal point, and wall surfaces that do not
allow the incident light to converge toward the focal point.
Each of the wall surfaces 1s formed to be inclined with
respect to the optical axis of the Fresnel lens at an angle to
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reflect the incident light striking each of the wall surfaces, in
a direction toward outside of a range of the eye box.

According to this aspect, among incident light, a portion
of the incident light reflected by each of the wall surfaces
that does not allow the incident light to converge toward the
focal point 1s emitted 1n a direction toward outside of a range
of the eye box, and therefore can be prevented from being
visually recognized by the observer. Furthermore, among the
incident light, the other portion of the incident light that 1s
not reflected by the wall surfaces can be emitted 1n a
direction toward the inside of the range of the eye box, and
therefore can be visually recognized by a driver. Therefore,
it 1s possible to eflectively reduce visual recognition of stray
light by a driver caused by reflection by the wall surfaces.
Theretore, it 1s possible to effectively reduce deterioration of
an 1mage displayed by the head-up display.

Furthermore, among a plurality of the wall surfaces that
form the bumpy surface, a second wall surface disposed
outside a first wall surface may be inclined with respect to
the optical axis greater than the first wall surface 1s.

Furthermore, a head-up display in accordance with
another aspect of the present disclosure includes an optical
system that radiates light forming a projected image toward
an eye box. The eye box 1s a predetermined range in which
eyes of an observer are assumed to be present. The optical
system 1includes a Fresnel lens having a bumpy surface
having a sawtooth-shaped cross-section. The bumpy surface
1s formed concentrically around an optical axis, and formed
by alternately disposing light condensing surfaces that allow
the incident light to converge to a focal point, and wall
surfaces that do not allow the incident light to converge
toward the focal point. Each of the wall surfaces 1s inclined
with respect to the optical axis of the Fresnel lens at an angle
such that the incident light on the Fresnel lens does not
directly strike each of the wall surfaces.

Furthermore, the light condensing surfaces and the wall
surfaces may be respectively disposed to be overlapped with
each other 1n a direction of the optical axis.

Furthermore, the head-up display further includes a light
source that emits light, a scanner that performs scanning
with the light from the light source, and a screen through
which light from the scanner passes to form an 1mage on the
screen. The optical system may display a virtual image of the
image formed on the screen, in space.

Hereinafter, the exemplary embodiments are specifically
described with reference to drawings.

Note here that embodiments described below show a
generic or specific example. The numerical values, shapes,
materials, constituent elements, the arrangement and con-
nection of the constituent elements, steps, the order of the
steps, etc. shown 1n the {following embodiments are
examples, and therefore do not intend to limit the present
disclosure. Furthermore, among the constituent elements 1n
the following embodiments, constituent elements not recited
in an independent claim indicating the broadest concept are
described as arbitrary constituent elements.

First Exemplary Embodiment
1-1. Schematic Configuration of Head-Up Display

Firstly, with reference to FIGS. 1 to 3, a schematic
configuration of head-up display 2 1n accordance with a first
exemplary embodiment 1s described. FIG. 1 1s a view
showing an example of use of head-up display 2 1n accor-
dance with the first exemplary embodiment. FIG. 2 1s a view
showing region 11 of image 8 displayed by head-up display
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4

2 1n accordance with the first exemplary embodiment. FIG.
3 1s a view showing an example of image 8 displayed by

head-up display 2 1in accordance with the first exemplary
embodiment.

As shown 1n FIG. 1, head-up display 2 1n accordance with
the first exemplary embodiment 1s, for example, a head-up
display for a vehicle, and 1s disposed in dashboard 6 of
automobile 4 (an example of a vehicle).

As shown 1n FIGS. 1 and 2, head-up display 2 projects
laser light (an example of light) for displaying image 8 that
1s an virtual 1image toward, for example, region 11 at a lower
part and at a driver’s seat side 1n windshield 10 of automo-
bile 4, and allows the laser light to be reflected at windshield
10 toward driver 12. This enables driver 12 to view 1mage
8 that 1s the virtual 1image to be superimposed on scene 14
in front of windshield 10, as shown 1n FIG. 3. In other words,
head-up display 2 displays (projects) image 8 that 1s the
virtual 1mage 1n space 16 in front of windshield 10.

In an example shown 1 FIG. 3, image 8 displayed by
head-up display 2 includes vertical image 18 and depth
image 20. Vertical image 18 1s a virtual image displayed 1n
a vertical direction (up-and-down direction 1n FIG. 1) 1n
space 16 1n front of windshield 10. Vertical image 18 1s, for
example, a mark having a substantially elliptical shape that
1s vertically long, and 1s displayed to be overlaid on pedes-
trian 22 that 1s present in front of automobile 4. This allows
driver 12 to easily notice the presence of pedestrian 22.

Meanwhile, depth 1image 20 1s a virtual 1mage displayed
in a depth direction (right-and-lett direction 1n FIG. 1) that
1s a direction intersecting the vertical direction 1n space 16
in front of windshield 10. Depth image 20 1s, for example,
an arrow for guiding a traveling route to a destination (an
arrow for instructing to turn right at the intersection, 1n an
example 1 FIG. 3), and 1s displayed to be overlaid on road
24 that 1s present 1n front of automobile 4. This allows driver
12 to easily know the traveling route to the destination.

1-2. Specific Configuration of Head-Up Display

Next, specific configurations of head-up display 2 1n
accordance with the first exemplary embodiment are
described with reference to FIGS. 4 and 5. FIG. 4 1s a view
showing a configuration of head-up display 2 1n accordance
with the first exemplary embodiment. FIG. § 1s a block
diagram showing a functional configuration of head-up
display 2 in accordance with the first exemplary embodi-
ment.

As shown 1n FIGS. 4 and 5, head-up display 2 includes
projecting unit 26, movable screen 28, drive unit 30, image-
projection unit 32 (an example of the optical system), and
control unit 34.

Projecting unit 26 includes light source 36 and scanner 38.
Light source 36 includes a red laser diode that emits laser
light having a red component (R), a green laser diode that
emits laser light having a green component (G), and a blue
laser diode that emits laser light having a blue component
(B). The laser light having the red component, the laser light
of the green component, and the laser light of the blue
component, emitted from light source 36, are synthesized by,
for example, a dichroic mirror (not shown) to be a synthe-
s1ized laser light and then the synthesized laser light enters
scanner 38.

Scanner 38 includes, for example, a micro electro
mechanical system (MEMS) mirror. Scanner 38 reflects the
incident laser light toward a direction corresponding to a
deflection angle thereof, thereby two-dimensionally raster-
scanning movable screen 28 with the laser light from light
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source 36. For example, scanner 38 raster-scans movable
screen 28, from a first end to a second end thereof, with laser
light.

Movable screen 28 1s a rectangular screen having trans-
lucency (for example, semitransparency). As shown in FIG.
5, movable screen 28 1s disposed so as to be capable of
reciprocating in a direction apart from scanner 38 (a direc-
tion 1ndicated by arrow X 1n FIG. § (X-direction)) and 1n a
direction approaching scanner 38 (a direction indicated by
arrow Y 1n FIG. 5 (Y-direction)), on an optical path of the
laser light from scanner 38. Furthermore, movable screen 28
reciprocates with an attitude inclined with respect to the
moving directions (X-direction and Y-direction) of movable
screen 28.

The raster-scanning movable screen 28 with laser light
from scanner 38 while movable screen 28 1s moving 1n the
X-direction allows an image to be formed on movable
screen 28. Meanwhile, the raster-scanning movable screen
28 with laser light from scanner 38 while movable screen 28
1s moving 1n the Y-direction, allows another image to be
formed on movable screen 28. Note here that instead of
movable screen 28, a fixed screen may be employed.

Drive unit 30 includes, for example, an actuator. Drive
unit 30 causes movable screen 28 to reciprocate (vibrate) in
the X-direction and the Y-direction at a constant frequency
(for example, 60 Hz) and with constant amplitude (for
example, 1 mm) based on a drive signal from control unit 34.
Note here that drive unit 30 causes movable screen 28 to
reciprocate such that a period of time during which movable
screen 28 moves 1n the X-direction (or the Y-direction) 1s,
for example, 25 msec or less, based on the drive signal from
control unit 34.

Image-projection unit 32 includes magmiying lens 44,
first retlecting plate 46, second retlecting plate 48, Fresnel
lens 50, and windshield 10.

Magnifying lens 44 1s disposed on the optical path of the
laser light that has passed through movable screen 28.
Magnifying lens 44 magnifies the image formed on movable
screen 28.

First retlecting plate 46 and second reflecting plate 48 are
disposed on the optical path of laser light from magnifying
lens 44, and reflect the laser light from magnifying lens 44
toward windshield 10. Thus, first reflecting plate 46 and
second reflecting plate 48 allow the image magnified by
magnifying lens 44 to be projected on windshield 10 via
Fresnel lens 50.

Fresnel lens 50 narrows a spreading angle of the image
that has been magnified and spread by magnitying lens 44,
thereby adjusting the 1mage to a size within a range corre-
sponding to eye box 80 on windshield 10 so as to be
projected. Note here that eye box 80 1s a predetermined
range 1n which eyes of driver 12 (an observer) are assumed
to be present.

Windshield 10 1s disposed on the optical path of the laser
light from Fresnel lens 50, and reflects the laser light from
Fresnel lens 50 toward eye box 80. Thus, when a predeter-
mined 1mage 1s formed on movable screen 28, vertical image
18 that 1s a virtual 1image of the predetermined image 1s
displayed 1n space 16 in front of windshield 10.

Control unit 34 has a function of outputting a drive signal
to drive unit 30, a function of controlling a drive current
supplied to light source 36, and a function of controlling a
deflection angle of scanner 38. Control unit 34 includes, for
example, a central processing unit (CPU), a processor, or the
like, and reads and executes a computer program stored 1n
a memory (not shown) to perform the above-mentioned
functions.
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1-3. Configuration of Fresnel Lens

Next, a specific configuration of Fresnel lens 50 1n accor-
dance with the first exemplary embodiment 1s described with
reference to FIGS. 6 and 7. FIG. 6 1s a plan view of the
Fresnel lens 1n accordance with the first exemplary embodi-
ment seen from a direction of the optical axis. FIG. 7 1s a
sectional view taken along line VII-VII of FIG. 6. Note here
that FIG. 7 shows an entire sectional view of Fresnel lens 50
in (a), and a sectional view showing partially enlarged
Fresnel lens 50 1n (b).

As shown 1n FIGS. 6 and 7, Fresnel lens 50 1s a rectan-
gular plate member, and includes plane 352 disposed at a
light-incident side and sawtooth-shaped bumpy surface 51
disposed at a light-emitting side. In other words, a surface at
a reverse side from bumpy surface 51 of Fresnel lens 50 1s
plane 52. Note here that Fresnel lens 50 1s made of, for
example, resin such as acrylic resin. Bumpy surface 51 of
Fresnel lens 50 includes first surfaces 51a inclined with
respect to the optical axis A, and second surfaces 515
substantially parallel to optical axis A. First surfaces 51a and
second surfaces 515 are arranged alternately. Furthermore,

bumpy surface 51 1s formed 1n a form of concentric circles
as shown in FIG. 6.

Each of first surface 51a 1s a light condensing surface that
allows light incident on Fresnel lens 50 to converge toward
a predetermined focal point. In other words, first surface 51a
refracts the light incident on Fresnel lens 50 toward a
predetermined focal point. Furthermore, first surfaces 51a
are formed concentrically. Among first surfaces 51a, the
more 1nside (the closer to the optical axis A) first surface 51a
1s disposed, the larger the inclination angle of first surface
51a with respect to the optical axis A 1s.

Each of second surface 515 1s a wall surface that does not
allow light incident on Fresnel lens 50 to converge toward
a predetermined focal point. Second surface 5156 1s a wall
surtace configured to offset first surface S1a that 1s a light
condensing surface, in order to reduce a thickness of a
convex lens.

In a protrusion that 1s formed of first surface 51a and
second surface 515 being adjacent to each other and pro-
trudes toward the emitting side, first surface 51a 1s disposed
outside second surface 51b.

Fresnel lens 50 has light-shielding masks 33 in partial
regions of first surfaces 51a where each of first surfaces 51a
1s adjacent to respective one of second surfaces 51b. Spe-
cifically, light-shielding mask 53 1s a coating film formed by
spraying paint having a light shielding property by, for
example, ink-jet printing. Note here that light-shielding
mask 53 1s formed 1n a partial region of the inner side (closer
to optical axis A) and 1n a partial region of the outer side, in
first surface S51a. Light-shielding masks 53 are formed
concentrically seen from the direction of the optical axis A.

1-4. Advantageous Effect

According to Fresnel lens 50 of the first exemplary
embodiment, among the incident light, incident light ray al
reflected by second surface 515 parallel to optical axis A
strikes light-shielding mask 53. Incident light ray a2 strikes
light-shielding mask 53 through Fresnel lens 50. Therefore,
it 1s possible to prevent incident light rays al, a2 from being
emitted from Fresnel lens 50 to the outside. Meanwhile,
among the incident light, incident light ray a3 that 1s not
reflected by second surface 5156 does not strike light-shield-
ing mask 53, and therefore can be emitted to the outside
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from Fresnel lens 50. Therefore, 1t 1s possible to effectively
reduce generation of stray light that 1s caused by reflection
by second surface 51b.

1-5. Modified Example 1 of First Exemplary
Embodiment

Fresnel lens 50 in accordance with the first exemplary
embodiment mentioned above has a configuration in which
light-shielding masks 53 are provided to bumpy surface 51.
However, the configuration 1s not necessarily limited to this.
Light-shielding masks 53 may be provided to plane 52.

A specific configuration of Fresnel lens 50A 1in accordance
with modified example 1 of the first exemplary embodiment
1s described with reference to FIG. 8. FIG. 8 1s a sectional
view corresponding to FIG. 7, showing the Fresnel lens in
accordance with the modified example 1 of the first exem-
plary embodiment. Note here that a configuration of Fresnel
lens 50A except for light-shielding masks 53 A 1n accordance
with the modified example 1 of the first exemplary embodi-
ment 1s the same as the configuration of Fresnel lens 50
except for light-shielding masks 53 1n accordance with the
first exemplary embodiment.

As mentioned above, Fresnel lens 50A i1s different from
Fresnel lens 50 1n the first exemplary embodiment in that
light-shielding masks 53A are formed on plane 52 at the
incident side of Fresnel lens 50A. In other words, each of
light-shielding masks 53 A 1s formed on plane 52 at a reverse
position from second surface 515. For example, as shown in
(b) of FIG. 8, each of light-shielding masks 53 A 1s formed
in a region on plane 52, where light-shielding mask 53A
prevents incident light ray a4 or a5 being incident on Fresnel
lens S0A at an angle to be retlected by second surface 515
from being incident on Fresnel lens SOA. On the other hand,
light-shielding masks 53A are not formed in a region on
plane 52, where light ray a6, which is entering at an angle
at which 1t 1s not reflected by second surface 51b, enters
Fresnel lens 50A. In (b) of FIG. 8, paths of light rays 1n a
case where incident light rays a4, aS are not shielded by
light-shielding masks 33A are indicated by an arrow of
alternate long and two short dashes line.

Note here that a region provided with each of light-
shielding masks 53 A can be determined by an angle of the
incident light, an angle at which the incident light 1s
refracted at plane 52, and a shape of Fresnel lens 50A.

Note here that light-shielding masks 53A are formed
concentrically seen from a direction of the optical axis A,
similar to the first exemplary embodiment.

1-6. Modified Example 2 of First Exemplary
Embodiment

Specific configuration of Fresnel lens unit 70 1n accor-
dance with the modified example 2 of the first exemplary
embodiment 1s described with reference to FIG. 9. FIG. 9 1s
a sectional view corresponding to FIG. 7, showing Fresnel
lens S0B 1n accordance with modified example 2 of the first
exemplary embodiment. Note here that the configuration of
Fresnel lens 50B 1s the same as the configuration of Fresnel
lens 50 1n accordance with the first exemplary embodiment
except for light-shielding masks 53.

Fresnel lenses 50 and S0A of the first exemplary embodi-
ment and the modified example 1 mentioned above have a
configuration in which light-shielding masks 53 and 53 A are
provided on the surfaces of Fresnel lenses 50 and 50A,
respectively; however, the configuration 1s not necessarily
limited to this. A configuration in which Fresnel lens unit 70
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having light-shielding masks 61 on transparent plate mem-
ber 60 positioned on the optical axis of Fresnel lens 50B
adjacent to Fresnel lens 50B may be employed. In other
words, 1nstead of Fresnel lenses 50 and S0A, Fresnel lens
unit 70 including Fresnel lens 50B that does not have a
light-shielding mask and plate member 60 having light-
shielding masks 61 may be employed.

As shown 1n FIG. 9, Fresnel lens unit 70 includes Fresnel
lens S0B that does not have a light-shielding mask, and
includes transparent plate member 60.

Plate member 60 1s a transparent plate member (substrate)
disposed facing Fresnel lens 50B, and has light-shielding

masks 61 at positions facing second surfaces 515 of Fresnel
lens 50B. For example, as shown 1 (b) of FIG. 9, light-

shielding masks 61 are formed on the surface at the incident
side of plate member 60, and 1n regions in which light rays
a7, a8 retlected by second surfaces 515 of Fresnel lens 50B
strike the surface at the incident side of plate member 60. In
other words, light-shielding masks 61 are formed in regions
where light-shielding masks 61 prevent light rays a7, a8
reflected by second surface 515 of Fresnel lens 50B from
being emitted from Fresnel lens unit 70. On the other hand,
light-shielding mask 61 1s not formed in a region, on the
surface at the incident side of plate member 60, 1nto which
light ray a9 1s emitted without being reflected by second
surtace 515 strike.

Note here that the regions provided with light-shielding
masks 61 can be determined by an angle of light incident on
Fresnel lens 50B, an angle at which the incident light 1s
refracted by plane 52, an angle at which the light 1s retlected

at second surface 515, an angle at which the light 1s refracted
at bumpy surface 51, and a shape of Fresnel lens 50B.

1-7. Modified Example 3 of First Exemplary
Embodiment

In Fresnel lens 50 in accordance with the first exemplary
embodiment mentioned above, although not particularly
notified, light-shielding mask may have a shape as shown in
FIG. 10.

FIG. 10 1s a plan view of a Fresnel lens 1n accordance with
modified example 3 of the first exemplary embodiment seen
from a direction of the optical axis. In (a) of FIG. 10, a plan
view of Fresnel lens 50C seen from the direction of the
optical axis 1s indicated, and (b) of FIG. 10, an enlarged view
of a part of (a) of FIG. 10 1s indicated.

As shown 1n (b) of FIG. 10, the end part of a mask pattern
of light-shielding mask 53C has a meandering shape. Spe-
cifically, the mask pattern of light-shielding mask 353C
formed 1n a circular shape has a meandering shape at the end
lines of the outer side and the inner side in the diameter
direction.

In Fresnel lens 50 using light-shielding mask 53 of the
first exemplary embodiment, since the incident light or
emitted light 1s shielded by light-shielding masks 53, light 1s
diffracted at the edge portion of the mask pattern of each of
light-shielding masks 53, and slight stray light 1s generated.
For an observer, the mask pattern appears to shine faintly.
On the contrary, 1n light-shielding mask 53C of modified
example 3 of the first exemplary embodiment, a direction 1n
which stray light 1s diffracted can be made different depend-
ing on the angle at the end lines, and diffracted light can be
distributed to a wide angle. Thus, diffracted light visually
recognized by the observer can be reduced.

Note here that the shape of light-shielding mask 53C
mentioned above may be applied to light-shielding masks
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53 A and 61 of Fresnel lens 50A and Fresnel lens unit 70 of
the modified examples 1 and 2 of the first exemplary
embodiment.

Second Exemplary Embodiment

Next, Fresnel lens 150 in accordance with the second
exemplary embodiment 1s described.

While Fresnel lens 50, S0A and Fresnel lens unit 70 1n
accordance with the first exemplary embodiment and the

modified examples thereof have a configuration in which

light-shielding masks 53, 53A, and 61 are formed {for
shielding reflected light such that the reflected light, which
1s a cause of stray light, 1s not emitted at second surface 515,

the second exemplary embodiment has a configuration in
which stray light 1s not blocked by light-shielding masks 33,

53A, or 61. Specifically, none of light-shielding masks 53,
53A, and 61 1s provided.

2-1. Configuration of Fresnel Lens

Specific configuration of Fresnel lens 150 1n accordance
with the second exemplary embodiment 1s described with
reference to FIG. 11. FIG. 11 1s a sectional view correspond-
ing to FIG. 7, showing a Fresnel lens in accordance with the
second exemplary embodiment.

As shown 1n FIG. 11, Fresnel lens 150 in accordance with
the second exemplary embodiment includes plane 152 at a
light-incident side, and sawtooth-shaped bumpy surface 151
at the light-emitting side. In other words, a reverse surface
of Fresnel lens 150 from bumpy surface 151 is plane 152.
Note here that Fresnel lens 150 1s made of, for example,
resin such as acrylic resin. Bumpy surface 151 of Fresnel
lens 150 1s formed 1n a form of concentric circles.

Each of first surfaces 151a 1s a light condensing surface
that allows light incident on Fresnel lens 150 to converge
toward a predetermined focal point. In other words, first
surface 151a refracts the light incident on Fresnel lens 150
toward the predetermined focal point. Furthermore, first
surfaces 151a are formed concentrically. In first surfaces
151a, the more 1nside (the closer to the optical axis A) first
surface 151a 1s disposed, the larger the inclination angle of
first surface 151a with respect to the optical axis A 1s.

Each of second surfaces 1515 1s a wall surface that does
not allow light to converge toward the predetermined focal
point. Second surface 1515 1s a wall surface configured to
oflset first surface 151q that 1s a light condensing surface, 1n
order to reduce a thickness of a convex lens.

In a protrusion that 1s formed of first surface 151a and
second surface 1515 being adjacent to each other and
protrudes toward the emitting side, first surface 151a 1s
disposed outside second surtace 151b.

Second surface 1515 1s inclined with respect to the optical
axis A of Fresnel lens 150 at an angle to reflect incident light
striking second surface 1516 1n a direction toward the
outside of a range of eye box 80. Second surface 1515 1s
inclined with respect to the optical axis A such that second
surface 1515 extends outward from the incident side to the
emitting side. In other words, first surface 151a and second
surface 1515 are formed 1n respective regions which are not
overlapped with each other seen from the optical axis A.

Furthermore, among second surfaces 1515 that form
bumpy surface 151, including a first wall surface and a
second wall surface disposed outside the first wall surface,
the second wall surface 1s inclined with respect to the optical
axis greater than the first wall surface 1s.
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Specifically, Fresnel lens 150 can be formed as follows.

Assuming a case in which a distance from driver 12 to
image 8 as a virtual 1image 1s 2 m, a distance from driver 12
to the Fresnel lens 1s 1 m, a width of image 8 in the
horizontal direction 1s 400 mm, and a width of eye box 80
in the horizontal direction 1s 130 mm. In this case, the width
in the horizontal direction of Fresnel lens 150 1s 270 mm,
incident angle 0. to Fresnel lens 150 1s about +4° 1n a
portion 1n the vicinity of the optical axis A of Fresnel lens
150 and 4 to 12° at the end parts in the horizontal direction
of Fresnel lens 150. At this time, when inclination angle O
of second surtace 1515 of Fresnel lens 150 1s 4° or more 1n
a portion 1n the vicinity of the optical axis A of Fresnel lens
150, and 12° or more at the end part in the horizontal
direction of Fresnel lens 150, the light reflected by second
surface 1515 can be deviated to the out of the range of eye

box 80.

2-2. Advantageous Effect

According to Fresnel lens 150 in accordance with the
second exemplary embodiment, among the incident light,
incident light ray all, which 1s reflected by second surface
1515 as a wall surface that does not allow light to converge
toward the predetermined focal point, 1s emitted 1n a direc-
tion (at an emitting angle 0_1) toward outside of the range
of eye box 80. Thus, incident light ray all can be prevented
from being visually recognized by driver 12 as an observer.
Furthermore, among the incident light, incident light ray al2
that 1s not retlected by the second surface 151a 1s emitted in
a direction (at an emitting angle 0_2) of travelling to the
inside of a range of eye box 80. Thus, incident light ray al2
can be visually recognized by driver 12. Therefore, 1t 1s
possible to ethiciently reduce driver’s visual recognition of
stray light that 1s caused by reflection by second surface
151a. As a result, 1t 1s possible to ethiciently reduce the
deterioration of the 1image displayed by head-up display 2.

2-3. Modified Example 1 of Second Exemplary
Embodiment

Fresnel lens 150 1n accordance with the second exemplary
embodiment mentioned above has a configuration in which
first surface 151a and second surface 1515 are formed 1n the
regions that are not overlapped with each other seen from the
direction of optical axis A; however, the configuration 1s not
necessarily limited to this.

Specific configuration of Fresnel lens 150A 1n accordance
with modified example 1 of the second exemplary embodi-
ment 1s described with reference to FIG. 12. FIG. 12 1s a
sectional view corresponding to FIG. 7, showing a Fresnel
lens 1n accordance with modified example 1 of the second
exemplary embodiment.

As shown 1n FIG. 12, Fresnel lens 150A 1s different from
Fresnel lens 150 1n the second exemplary embodiment 1n
that first surface 151Aa and second surface 151Ab are
overlapped onto each other seen from the direction of an
optical axis. In other words, second surface 151Ab 1is
inclined with respect to optical axis A of Fresnel lens 150A
at an angle at which the incident light to Fresnel lens 150A
does not directly strike the wall surface.

Thus, the incident light to Fresnel lens 150A can be
prevented from directly being reflected by second surface
151 Ab, and 1t 1s possible to efliciently reduce driver’s visual
recognition of stray light caused by reflection by second
surface 151 Aa. Therefore, it 1s possible to efliciently reduce
the deterioration of the image displayed by head-up display
2.
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Other Exemplary Embodiments

The head-up display 1n accordance with one or a plurality
ol aspects has been described based on the above-mentioned
exemplary embodiments, but the present disclosure 1s not
limited to the exemplary embodiments. Configurations in
which various varnations conceived by those skilled in the
art are applied to the present exemplary embodiments, and
configurations established by combining constituent ele-
ments 1 different exemplary embodiments or modified
examples may also fall within the scope of one or more
aspects, without departing from the gist of the present
disclosure.

Note here that since a usual head-up display has a
relatively small viewing angle such as 20° or less, the
incident angle distribution of the light incident on a Fresnel
lens 1s also relatively small, and the inclination angle of the
wall surface can be also set at 20° or less. Therefore, light
loss 1s small, and stray light by the reflected light can be
eflectively prevented. However, the present disclosure 1s not
necessarily limited to this exemplary embodiment.

For example, 1n each of the above-mentioned exemplary
embodiments, a case where head-up display 2 (2A) 1s
mounted to automobile 4 has been described. However, the
configuration 1s not necessarily limited to this, and head-up
display 2 (2A) may be mounted on, for example, motor-
cycles, airplanes, trains, ships, or the like.

Furthermore, a case where head-up display 2 (2ZA) 1s
mounted on a vehicle has been described; however, the
configuration 1s not necessarily limited to this. Head-up
display 2 (2A) may be mounted on, for example, glasses
configured as wearable devices.

Note here that in the above-mentioned exemplary
embodiments, the constituent elements may be implemented
in special purpose hardware or with execution of software
programs respectively suitable for those constituent ele-
ments. The constituent elements may be implemented by a
program execution section, such as a CPU or a processor,
reading and executing software programs stored 1n a record-
ing medium, such as a hard disk or a semiconductor
memory.

Furthermore, the following cases may be also included in
the present disclosure.

(1) Specifically, the above-mentioned devices can be
implemented using a computer system configured with a
microprocessor, a read only memory (ROM), a read access
memory (RAM), a hard disk unit, a display unit, a keyboard,
a mouse, and the like. A computer program 1s stored in the
RAM or the hard disk unit. The microprocessor operates

according to the computer program, and therefore the
devices achieve the respective functions. Herein, the com-
puter program 1s configured by combining a plurality of
instruction codes that indicate instructions to a computer, 1n
order to achieve predetermined functions.

(2) A part or all of the constituent elements configuring the
above-mentioned devices may be configured with a single
system large-scale-integration (LLSI). The system LSI 1s a
super multi-functional LSI manufactured such that a plural-
ity of constituent units 1s integrated into a single chip, and
specifically, 1s a computer system including the micropro-
cessor, the ROM, the RAM, and the like. The ROM stores
the computer program. The microprocessor loads the com-
puter program from the ROM to the RAM, and performs
operation such as computation according to the loaded
computer program, and thus the system LSI achieves its
functions.
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(3) A part or all of the constituent elements configuring the
above-mentioned devices may be configured with an 1nte-
grated circuit (IC) card detachable from each of the devices,
or a single module. The IC card or the module 1s the
computer system configured with the microprocessor, the
ROM, the RAM, and the like. The IC card or the module
may include the above-mentioned super multi-functional
LLSI. The microprocessor operates according to the computer
program, and thereby, the I1C card or the module achieves its
functions. The IC card or the module may have tamper
resistance.

(4) The present disclosure may be implemented by using
the above-mentioned methods. Those methods may be
implemented by using the computer program that 1s 1mple-
mented by the computer, or may be implemented by using
digital signals according to the computer program.

Furthermore, the present disclosure may be implemented
by using a configuration that stores the computer program or
the digital signals 1n a computer-readable recording medium
such as a flexible disk, a hard disk, a compact disc (CD)-
ROM, a magneto-optical disc (MO), a digital versatile disc
(DVD), a DVD-ROM, a DVD-RAM, a Blu-ray (registered
trademark) disc (BD), and a semiconductor memory. In
addition, the present disclosure may be implemented by
using the digital signals stored in those recording media.

Furthermore, the present disclosure may transmit the
computer program or the digital signals via a network
represented by a telecommunications line, a wireless or
wired communication line, and the Internet, data broadcast-
ing, and the like.

Furthermore, the present disclosure may be the computer
system including the microprocessor and the memory. The
memory may store the computer program, and the micro-
processor may operate according to the computer program.

Furthermore, the program or the digital signals may be
executed by the other independent computer system, by
recording and transporting the program or the digital signals
to the other computer, or by transporting the program or the
digital signals to the other computer via networks and the
like.

(5) The above-mentioned exemplary embodiments and
the above-mentioned modified examples may be combined.

A head-up display according to the present disclosure 1s
applicable to, for example, a head-up display to be mounted
on a vehicle.

What 1s claimed 1s:

1. A head-up display comprising an optical system that
radiates light forming a projected 1image toward an eye box,
the eye box being a predetermined range 1n which eyes of an
observer are assumed to be present,

wherein the optical system includes a Fresnel lens having

a bumpy surface having a sawtooth-shaped cross-sec-
tion, the bumpy surface being formed concentrically
around an optical axis, and formed by alternately
disposing light condensing surfaces that allow incident
light to converge toward a focal point, and wall sur-
faces that do not allow the incident light to converge
toward the focal point, and

cach of the wall surfaces 1s inclined with respect to the

optical axis of the Fresnel lens at an angle to reflect the
incident light striking each of the wall surfaces, 1 a
direction toward outside of a range of the eye box.

2. The head-up display according to claim 1, wherein the
wall surfaces includes a first wall surface and a second wall
surface disposed more outside than the first wall surface, an
inclination of the second wall surface with respect to the
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optical axis 1s larger than an inclination of the first wall
surface with respect to the optical axis.

3. The head-up display according to claim 1, further
comprising:

a light source that emits light;

a scanner that performs scanning with the light from the

light source; and

a screen through which light from the scanner passes to

form an 1mage on the screen,

wherein the optical system displays, 1n space, a virtual

image of the image formed on the screen.

4. A head-up display comprising an optical system that
radiates light forming a projected image toward an eye box,
the eye box being a predetermined range 1n which eyes of an
observer are assumed to be present,

wherein the optical system 1ncludes a Fresnel lens having

a bumpy surface having a sawtooth-shaped cross-sec-
tion, the bumpy surface being formed concentrically
around an optical axis, and formed by alternately
disposing light condensing surfaces that allow incident
light to converge to a focal point, and wall surfaces that
do not allow the incident light to converge toward the
focal point, and

cach of the wall surfaces 1s inclined with respect to the

optical axis of the Fresnel lens at an angle such that the
incident light on the Fresnel lens does not directly
strike each of the wall surfaces.

5. The head-up display according to claim 4, wherein the
light condensing surfaces and the wall surfaces are respec-
tively disposed to be overlapped with each other in a
direction of the optical axis.
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