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(54) Laser projection device

(57) An electronic device includes a laser beam
scanner, a light detector, a mirror, and an adjuster. The
laser beam scanner is configured to scan a laser beam
over a projection surface. The light detector is configured
to detect the laser beam that has been scanned by the
laser beam scanner and reflected by a detection object.

The mirror is arranged to reflect the laser beam that has
been reflected by the detection object toward the light
detector. The adjuster is arranged to adjust at least one
of inclination of the mirror and position of the mirror with
respect to the light detector such that incident position of
the laser beam on the light detector is adjusted.
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Description

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims priority to Japanese Pat-
ent Application No. 2013-042358 filed on March 4, 2013.
The entire disclosure of Japanese Patent Application No.
2013-042358 is hereby incorporated herein by reference.

BACKGROUND

Field of the Invention

[0002] This invention generally relates to an electronic
device. More specifically, the present invention relates
to an electronic device with a projection function.

Background Information

[0003] Generally, a projector with a light detector is
well-known in the art (see Japanese Unexamined Patent
Application Publication No. 2009-258569 (Patent Litera-
ture 1), for example).
[0004] The above-mentioned Patent Literature 1 dis-
closes a projector having a projector module and a pho-
todiode. The projector module includes an MEMS mirror
that scans a laser beam over a projection surface. The
photodiode detects the laser beam that has been
scanned by the MEMS mirror and reflected by a detection
object, such as a user’s finger or a pointer. This projector
also includes an infrared laser, a reflecting mirror, and a
beam splitter. The infrared laser is used for detecting the
detection object. The reflecting mirror reflects the laser
beam emitted from the infrared laser such that the re-
flected light is parallel to the projection surface. The beam
splitter causes the laser beam reflected by the detection
object to be incident on the photodiode. Also, this pro-
jector is configured such that the laser beam reflected by
the detection object is incident on the photodiode, and
based on this, it is detected that the user has made an
input to an operation key (e.g., operation button) project-
ed on the projection surface.

SUMMARY

[0005] However, it has been discovered that with the
above-mentioned projector, the laser beam reflected by
the detection object sometimes cannot be properly inci-
dent on the photodiode due to the precision (assembly
precision) of the layout of the optical system, such as the
reflecting mirror and the photodiode. When this hap-
pened, the projector need to be taken apart such that the
parts of the optical system are removed, and the positions
of the optical system need to be readjusted such that the
laser beam reflected by the detection object can be prop-
erly incident on the photodiode. This adjustment of the
parts entails extra work.
[0006] One aspect is to provide an electronic device

with which adjustment can be easily performed such that
a laser beam reflected by a detection object is properly
incident on a light detector even after the assembly of
the electronic device.
[0007] In view of the state of the known technology, an
electronic device is provided that includes a laser beam
scanner, a light detector, a mirror, and an adjuster. The
laser beam scanner is configured to scan a laser beam
over a projection surface. The light detector is configured
to detect the laser beam that has been scanned by the
laser beam scanner and reflected by a detection object.
The mirror is arranged to reflect the laser beam that has
been reflected by the detection object toward the light
detector. The adjuster is arranged to adjust at least one
of inclination of the mirror and position of the mirror with
respect to the light detector such that incident position of
the laser beam on the light detector is adjusted.
[0008] Also other objects, features, aspects and ad-
vantages of the present disclosure will become apparent
to those skilled in the art from the following detailed de-
scription, which, taken in conjunction with the annexed
drawings, discloses one embodiment of the electronic
device.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] Referring now to the attached drawings which
form a part of this original disclosure:

FIG. 1 is a perspective view of a projector in accord-
ance with one embodiment, illustrating an usage
state of the projector;
FIG. 2 is a block diagram of the configuration of a
projector module of the projector illustrated in FIG. 1;
FIG. 3 is a schematic diagram of the configuration
of the projector, illustrating a state in which the incli-
nation of a mirror is adjusted in the projector;
FIG. 4 is a schematic diagram of the configuration
of the projector, illustrating a state in which the po-
sition of the mirror is adjusted in the projector; and
FIG. 5 is a schematic diagram of the configuration
of the projector, illustrating a state in which the incli-
nation and the position of the mirror are adjusted in
the projector.

DETAILED DESCRIPTION OF EMBODIMENTS

[0010] A selected embodiment will now be explained
with reference to the drawings. It will be apparent to those
skilled in the art from this disclosure that the following
descriptions of the embodiment are provided for illustra-
tion only and not for the purpose of limiting the invention
as defined by the appended claims and their equivalents.
[0011] Referring to FIGS. 1 to 5, a projector 1 is illus-
trated in accordance with one embodiment. The projector
1 is an example of the "electronic device" or "electronic
device having a projector function" of the present inven-
tion.
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[0012] As shown in FIG. 1, the projector 1 is used by
being disposed on a table 150 or the like. The projector
1 projects an image or video 150b of an operation button
to be selected by the user onto a projection surface 150a
of the table 150, for example. The projector 1 is the so-
called front projector. With the projector 1, the image
150b is projected from the side viewed by the user (the
Z1 direction side). The projector 1 is also configured such
that the image 150b projected on the projection surface
150a is operated by touching it with the user’s finger, a
pen, or another such detection object 160. The projector
1 includes a projector module 10, a projecting mirror 20,
a light detector 30, a converging lens 40, and a mirror
50. The projector 1 also includes on its lower side (the
Z2 direction side) an opening 1b for allowing a laser beam
reflected by the detection object 160 to be incident on
the interior of a housing 1a. The opening 1b is provided
on the projection surface 150a side (the Y2 direction side)
of the housing 1a.
[0013] As shown in FIG. 2, the projector module 10
includes a main CPU 101, an interface unit 102, three
(three colors (e.g., blue, green, and red)) laser light sourc-
es 103 to 105 , two polarizing beam splitters 106 and
107, a lens 108, a laser beam scanner 109, a display
controller 110, and a position acquiring CPU 121. The
laser beam scanner 109 includes a MEMS (Micro Electro
Mechanical System) mirror 109a. The laser beam scan-
ner 109 is configured such that the laser beam scans the
projection surface 150a as shown in FIG. 1. The display
controller 110 includes a video processor 111, a light
source controller 112, an LD (laser diode) driver 113, a
mirror controller 114, and a mirror driver 115. The pro-
jector module 10 is configured so as to output the image
150b based on a video signal inputted to the video proc-
essor 111. The projector module 10 is also configured
so as to detect the touch position by the detection object
160 based on the laser beam detected by the light de-
tector 30. The projector module 10 will be described in
detail below.
[0014] As shown in FIG. 1, the projecting mirror 20 is
disposed on the upper side (Z1 direction) of the housing
1a. The projecting mirror 20 is configured so as to reflect
the image 150b outputted upward from the projector
module 10, toward the projection surface 150a.
[0015] In this embodiment, the light detector 30 is con-
figured so as to be scanned by the laser beam scanner
109 (the MEMS mirror 109a), and to detect the laser
beam reflected by the detection object 160. As shown in
FIGS. 3 to 5, the light detector 30 includes a main body
component 31, a light incident face 32, and a mask mem-
ber 33. The main body component 31 includes in its in-
terior a photodiode for detecting a laser beam. The light
detector 30 includes the light incident face 32, which is
provided on the side of the light detector 30 on which the
converging lens 40 is disposed (the Z2 direction side)
and on which the laser beam is incident. Also, the light
detector 30 is configured so as to be able to detect the
laser light reflected by the detection object 160, out of

the laser light emitted from the laser light sources 103 to
105 for forming the image 150b.
[0016] As shown in FIG. 5, the mask member 33 is
disposed in a specific region of the light incident face 32
on the Y1 direction side. The mask member 33 is used
for blocking the laser beam reflected by the detection
object 160 located more than a specific distance away
from the projection surface 150a. More specifically, the
mask member 33 blocks the laser beam reflected by the
detection object 160 located more than a specific dis-
tance away from the projection surface 150a. The mask
member 33 is affixed to a position of the light detector 30
(the light incident face 32) so as to receive the laser beam
reflected by the detection object 160 located more than
a specific distance away from the projection surface
150a.
[0017] As shown in FIGS. 1 and 3 to 5, in this embod-
iment, the converging lens 40 is disposed at a position
between the light detector 30 and the mirror 50. As shown
in FIG. 5, the converging lens 40 includes a convex lens
that converges the laser beam reflected by the mirror 50.
The converging lens 40 is configured so as to form a focal
point near the front face 33a of the mask member 33 on
the Z2 direction side in a state of having been installed
in the projector 1. Also, the converging lens 40 and the
light detector 30 are spaced apart by a specific spacing
D1. More precisely, the converging lens 40 is disposed
such that a line segment 300 that passes through a nodal
point 41 of the converging lens 40 and is perpendicular
to an optical axis 200 is separated by the spacing D1
from the light incident face 32 of the light detector 30.
The term "nodal point" here indicates a point through
which the light passes without changing its angle.
[0018] In this embodiment, the mirror 50 is configured
such that the laser beam reflected by the detection object
160 will be reflected toward the light detector 30. As
shown in FIG. 1, the mirror 50 is configured so as to
reflect laser light that has entered the housing 1a through
the opening 1b. The mirror 50 includes a reflecting face
51 and a pair of adjusting knobs 52. As shown in FIGS.
3 and 4, the mirror 50 is configured such that the relative
angle of the light detector 30 with respect to the light
incident face 32, and the relative position with respect to
the light detector 30 can be changed. The adjusting knobs
are examples of the "adjuster" of the present invention.
[0019] As shown in FIG. 1, the reflecting face 51 is
formed in a specific shape (such as a substantially rec-
tangular shape). The reflecting face 51 is disposed sub-
stantially at the front face of the opening 1b in the Y di-
rection. The mirror 50 is configured such that the reflect-
ing face 51 faces the detection object 160 side (the Y2
direction side). The pair of the adjusting knobs 52 is pro-
vided, at the two ends of the mirror 50 in the X direction.
The adjusting knobs 52 have a substantially cylindrical
shape extending in the X direction. Also, the adjusting
knobs 52 are configured so as to be exposed on the out-
side of the housing 1a. In the usage state of the projector
1, the adjusting knobs 52 are covered by a cover member
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(not shown) that prevents the user’s hands, etc., from
touching the knobs. The cover member that covers the
adjusting knobs 52 is configured such that it can be easily
and instantly attached or removed.
[0020] As shown in FIG. 5, the mirror 50 is disposed
such that the reflecting face 51 and the converging lens
40 are separated by a specific spacing D2 in the initial
state when the mirror is inclined by 45 degrees with re-
spect to the projection surface 150a. More precisely, the
mirror 50 and the converging lens 40 are disposed such
that a line segment 400 that is parallel to the light incident
face 32 of the light detector 30 and passes through the
center 51a of the reflecting face 51, and the line segment
300 that is perpendicular to the optical axis 200 and pass-
es through the nodal point 41 of the converging lens 40,
are separated by the spacing D2. Also, the mirror 50 is
disposed such that the spacing D2 between the mirror
50 and the converging lens 40 is greater than the spacing
D1 between the converging lens 40 and the light detector
30. More specifically, the spacing D2 between the mirror
50 and the converging lens 40 is two times the spacing
D1 between the converging lens 40 and the light detector
30.
[0021] As shown in FIG. 1, the mirror 50, the converg-
ing lens 40, and the light detector 30 are disposed sub-
stantially on a straight line in a direction that is substan-
tially perpendicular to the projection surface 150a (the Z
direction). More specifically, the mirror 50, the converging
lens 40, the light detector 30, and the projector module
10 are disposed in that order in the Z2 direction (from
below) in the interior of the housing 1a. The mirror 50,
the converging lens 40, the light detector 30, and the
projector module 10 are disposed so as to superpose
each other when viewed in the Z direction (vertically).
[0022] As shown in FIG. 3, the mirror 50 is configured
such that its inclination with respect to the light detector
30 is adjusted by turning it around an axis in the X direc-
tion that is substantially parallel to the projection surface
150a (see FIG. 1). More specifically, the mirror 50 is con-
figured to rotate with the adjusting knobs 52 serving as
the rotational center. Also, the mirror 50 is configured
such that the position on the light detector 30 where the
laser beam is incident is adjusted by adjusting the incli-
nation of the mirror 50 (the reflecting face 51) with respect
to the light detector 30.
[0023] As shown in FIG. 4, the mirror 50 is configured
such that its position with respect to the light detector 30
(the light incident face 32) is adjusted by sliding the mirror
50 in a direction (the Y direction) along the projection
surface 150a (see FIG. 1) and in a direction that is sub-
stantially perpendicular to the projection surface 150a
(the Z direction). The mirror 50 is configured such that
the incident position of the laser beam on the light detec-
tor 30 is adjusted by adjusting the position of the mirror
50 (the reflecting face 51) with respect to the light detector
30. More precisely, the mirror 50 is configured to be ad-
justable by sliding such that of the light reflected by the
detection object 160, the component with higher intensity

will be incident on the nodal point 41 of the converging
lens 40.
[0024] The projector 1 is configured such that the ad-
justing knobs 52 are used to adjust the incident position
of the laser beam on the light detector 30 by adjusting
both the position and the inclination of the mirror 50 with
respect to the light detector 30. Also, the mirror 50 is
configured such that the adjusting knobs 52 are used to
rotate around an axis of the X direction that is substan-
tially parallel to the projection surface 150a (see FIG. 3),
and to slide in a direction along the projection surface
150a (the Y direction) and in a direction that that is sub-
stantially perpendicular to the projection surface 150a
(the Z direction) (see FIG. 4). The turning and sliding of
the mirror 50 with the adjusting knobs 52 can be accom-
plished by a well-known method (such as a configuration
in which the mirror 50 is turned and slid by a positioning
stage that allows two-dimensional (Y-Z directions) ad-
justment of the position). Alternatively, the housing 1a
can include supporting slits or grooves on side faces of
the housing 1a. The adjusting knobs 52 can be attached
to the supporting slits or grooves such that the adjusting
knobs 52 are rotatably and slidably supported by the sup-
porting slits or grooves of the housing 1a, respectively.
[0025] As shown in FIG. 5, the projector 1 is also con-
figured such that the incident position of the laser beam
on the light detector 30 is adjusted by using the adjusting
knobs 52 to adjust the position and inclination of the mir-
ror 50 with respect to the light detector 30. More specif-
ically, the projector 1 is configured such that the adjusting
knobs 52 are used to direct the laser beam at either the
light incident face 32 or the mask member 33 by adjusting
the position and inclination of the mirror 50 with respect
to the light detector 30. More precisely, the mirror 50 is
configured such that the orientation in which the laser
beam is reflected can be changed by using the adjusting
knobs 52 to slide the mirror 50 in a direction along the
projection surface 150a (the Y direction) and in a direction
that is substantially perpendicular to the projection sur-
face 150a (the Z direction), and by turning the mirror 50
with the adjusting knobs 52 serving as the rotational cent-
er. Here, rotating and sliding the mirror 50 moves the
incident position of the laser beam by a distance D3 in
the Y1 direction. Thus, the incident position of the laser
beam on the light detector 30 moves by a distance D4 in
the Y2 direction. Consequently, the incident position of
the laser beam on the light detector 30 is adjusted from
the unadjusted position P1 to the adjusted position P2,
and laser light that has been undetected will be detected.
[0026] The main CPU 101 is configured so as to control
the various components of the projector module 10. The
interface unit 102 is provided to receive operations for
switching on the power to the projector 1, operations for
changing the projection angle of the image 150b, oper-
ations for changing the resolution of the image 150b, and
so forth. The laser light source 103 is configured such
that blue laser light will be transmitted by the polarizing
beam splitter 106 and the lens 108, and shine on the
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MEMS mirror 109a. The laser light sources 104 and 105
are respectively configured such that green laser light
and red laser light will be transmitted by the beam splitters
107 and 106 and the lens 108, and shine on the MEMS
mirror 109a. The image 150b projected onto the projec-
tion surface 150a is formed by the laser light sources 103
to 105 for forming images.
[0027] The laser beam scanner 109 is configured so
as to project the image 150b (see FIG. 1) onto the pro-
jection surface 150a. More specifically, the MEMS mirror
109a of the laser beam scanner 109 is configured so as
to scan the laser beam emitted from the laser light sourc-
es 103 to 105 and project the image 150b onto the pro-
jection surface 150a. The MEMS mirror 109a is config-
ured so as to scan the laser beam biaxially, in the hori-
zontal direction and the vertical direction. The MEMS mir-
ror 109a is also configured so as to scan the horizontal
direction at high speed by resonance drive, and to scan
the vertical direction at low speed by DC drive.
[0028] The video processor 111 is configured so as to
control the projection of video based on video signals
inputted from the outside. More specifically, the video
processor 111 is configured so as to control the drive of
the MEMS mirror 109a via the mirror controller 114 based
on video signals inputted from the outside, and to control
the emission of laser beams by the laser light sources
103 to 105 via the light source controller 112. The video
processor 111 is also configured so as to correct distor-
tion of the projected image 150b.
[0029] The light source controller 112 is configured so
as to control the emission of laser beams by the laser
light sources 103 to 105 by controlling the LD driver 113
based on control by the video processor 111. More spe-
cifically, the light source controller 112 is configured so
as to control the emission of laser beams by the laser
light sources 103 to 105 in colors corresponding to the
various pixels of the image 150b at a timing that matches
the scanning of the MEMS mirror 109a.
[0030] The mirror controller 114 is configured so as to
control the drive of the MEMS mirror 109a by driving the
mirror driver 115 based on control by the video processor
111.
[0031] In this embodiment, the position acquiring CPU
121 is configured to acquire the position of the detection
object 160 based on time information about when the
reflected laser beam is detected by the light detector 30,
and the scanning path of the laser beam. More specifi-
cally, the position acquiring CPU 121 acquires the posi-
tion of the detection object 160 corresponding to the im-
age 150b by determining which position the detected la-
ser beam is scanning with respect to the image 150b
based on the scanning path of the laser beam and the
time that has elapsed from a horizontal synchronization
signal until the laser beam is detected. That is, the posi-
tion acquiring CPU 121 calculates coordinates on the
projection surface 150a for the detection object 160
based on the scanning position by the laser beam scan-
ner 109 and the timing at which the laser beam reflected

from the detection object 160 is detected by the light de-
tector 30. The position acquiring CPU 121 is an example
of the "controller" of the present invention.
[0032] In this embodiment, the position acquiring CPU
121 is configured so as to detect the touch position by
the detection object 160 based on the laser beam detect-
ed by the light detector 30 in a state in which the incident
position of the laser beam on the light detector 30 has
been adjusted by using the adjusting knobs 52 to adjust
the inclination and position of the mirror 50 with respect
to the light detector 30.
[0033] In this embodiment, as discussed above, there
are provided the mirror 50 that reflects the laser beam
reflected by the detection object 160 toward the light de-
tector 30, and the adjusting knobs 52 for adjusting the
incident position of the laser beam on the light detector
30 by adjusting the inclination and/or position of the mirror
50 with respect to the light detector 30. Consequently,
even if the laser beam reflected by the user’s finger or a
pointer (the detection object 160) cannot be properly in-
cident on the light detector 30 due to the layout precision
of the optical system, such as the mirror 50 and the light
detector 30, the incident position of the laser beam on
the light detector 30 can be easily adjusted by using the
adjusting knobs 52 to adjust the inclination and/or the
position of the mirror 50 with respect to the light detector
30 such that the laser beam reflected by the detection
object 160 will be properly incident on the light detector
30. As a result, even after the assembly of the projector
1, the laser beam reflected by the detection object 160
can be easily adjusted to be properly incident on the light
detector 30, allowing the input operation by the user to
be accurately detected.
[0034] Also, in this embodiment, as discussed above,
the converging lens 40, which converges the laser beam
reflected by the mirror 50, is provided at a position be-
tween the light detector 30 and the mirror 50. The spacing
D2 between the mirror 50 and the converging lens 40 is
greater than the spacing D1 between the converging lens
40 and the light detector 30. Consequently, the amount
of adjustment (the amount of movement) of the incident
position of the laser beam on the light detector 30 with
respect to the amount of movement of the mirror 50 can
be reduced. This makes it easier to adjust the incident
position of the laser beam on the light detector 30 after
assembly of the projector 1.
[0035] Also, in this embodiment, as discussed above,
the mirror 50, the converging lens 40, and the light de-
tector 30 are disposed substantially on a straight line in
a direction substantially perpendicular to the projection
surface 150a. Consequently, the layout surface area of
the projector 1 can be made smaller.
[0036] Also, in this embodiment, as discussed above,
the mirror 50 is configured such that its inclination with
respect to the light detector 30 is adjusted by using the
adjusting knobs 52 to rotate the mirror around an axis
that is substantially parallel to the projection surface
150a. The inclination of the mirror 50 with respect to the
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light detector 30 is adjusted by the adjusting knobs 52 to
adjust the position where the laser beam is incident on
the light detector 30. Consequently, the orientation of the
laser beam can be easily changed by adjusting the incli-
nation of the mirror 50 with the adjusting knobs 52. This
makes it easier to adjust the incident position of the laser
beam on the light detector 30 after assembly of the pro-
jector 1.
[0037] Also, in this embodiment, as discussed above,
the mirror 50 is configured such that its position with re-
spect to the light detector 30 is adjusted by using the
adjusting knobs 52 to slide the mirror in a direction along
the projection surface 150a, or in at least one of the di-
rections substantially perpendicular to the projection sur-
face 150a. The position where the laser beam is incident
on the light detector 30 is adjusted by using the adjusting
knobs 52 to adjust the position of the mirror 50 with re-
spect to the light detector 30. Consequently, the incident
state of the laser beam reflected by the detection object
160 (scattered light that has been scattered in a plurality
of directions) can be easily changed by sliding the mirror
50. This makes it easier to adjust the incident position of
the laser beam on the light detector 30 after assembly of
the projector 1.
[0038] Also, in this embodiment, as discussed above,
the incident position of the laser beam on the light detec-
tor 30 is adjusted with the adjusting knobs 52. Conse-
quently, the position and/or the inclination of the mirror
50 with respect to the light detector 30 can be easily ad-
justed with the adjusting knobs 52.
[0039] Also, in this embodiment, as discussed above,
the mask member 33 is used for blocking the laser beam
reflected by the detection object 160 located more than
a specific distance away from the projection surface
150a. The mask member 33 is disposed in a specific
region of the light incident face 32 of the light detector
30. The adjusting knobs 52 are used to adjust the incli-
nation and/or the position of the mirror 50 with respect
to the 30 such that the laser beam is directed at either
the light incident face 32 or the mask member 33. Con-
sequently, even if the layout positions of the optical sys-
tem have to be readjusted after the mask member 33
has been disposed for blocking the laser beam, the inci-
dent position of the laser beam on the light detector 30
can be adjusted by using the adjusting knobs 52. As a
result, the mask member 33 does not have to be installed
again. Thus, even when the mask member 33 is provided,
the laser beam reflected by the detection object 160 after
assembly of the projector 1 can be easily adjusted to be
properly incident on the light detector 30, allowing the
input operation by the user to be accurately detected.
[0040] Also, in this embodiment, as discussed above,
it is preferable if the position acquiring CPU 121 is pro-
vided for detecting the touch position by the detection
object 160 based on the laser beam detected by the light
detector 30 in a state in which the incident position of the
laser beam on the light detector 30 has been adjusted
by adjusting the inclination and/or the position of the mir-

ror 50 with respect to the light detector 30 by means of
the adjusting knobs 52. Consequently, the touch position
by the detection object 160 can be detected by the posi-
tion acquiring CPU 121 in a state in which the incident
position of the laser beam on the light detector 30 has
been adjusted with the adjusting knobs 52. Thus, input
operations by the user can be accurately detected.
[0041] The embodiment disclosed herein is just an ex-
ample in every respect, and should not be interpreted as
being limiting in nature. The scope of the invention being
indicated by the appended claims rather than by the
above description of the embodiments, all modifications
within the meaning and range of equivalency of the claims
are included.
[0042] For example, in the above embodiment, the
present invention is applied to a projector. However, the
present invention is not limited to this. The present in-
vention can be applied, for example, to an electronic de-
vice having a projector function other than a projector
itself, such as a smart phone.
[0043] Also, in the above embodiment, the incident po-
sition of the laser beam on the light detector is adjusted
by adjusting both the position and the inclination of the
mirror with respect to the light detector. However, the
present invention is not limited to this. With the present
invention, the incident position of the laser beam on the
light detector can instead be adjusted by adjusting just
the inclination or the position of the mirror with respect
to the light detector.
[0044] Also, in the above embodiment, the mirror is
disposed such that the spacing between the mirror and
the converging lens is two times the spacing between
the converging lens and the light detector. However, the
present invention is not limited to this. With the present
invention, as long as the spacing between the mirror and
the converging lens is greater than the spacing between
the converging lens and the light detector, the mirror can
be disposed such that the spacing is something other
than two times the spacing between the converging lens
and the light detector.
[0045] Also, in the above embodiment, the detection
object is detected using a laser beam for forming an im-
age. However, the present invention is not limited to this.
With the present invention, the detection object can be
detected using a dedicated laser beam for detecting a
separate detection object from that of the laser beam
used for forming an image. Furthermore, a laser light
source that emits infrared rays, for example, can be used
for the laser light source that emits a dedicated laser
beam for detecting a detection object.
[0046] Also, in the above embodiment, the adjusting
knobs (e.g., the adjusters) exposed on the outside of the
housing are covered by a cover member. However, the
present invention is not limited to this. With the present
invention, an adjuster that is not exposed on the outside
of the housing can be provided, and the adjuster operated
by using a screwdriver or other such tool that is inserted
into the interior from the outside of the housing. Conse-
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quently, even when no cover member is provided to cover
the adjuster, the user’s hands, etc., can be kept from
coming into contact with the adjuster and accidentally
changing the incident position of the laser beam on the
light detector that has been properly adjusted while the
projector is used.
[0047] Also, in the above embodiment, the present in-
vention is applied to a projector that projected an image
from the side viewed by the user (the Z1 direction side).
However, the present invention is not limited to this. The
present invention can also be applied to a rear projector
with which an image is projected form the opposite side
from the side viewed by the user.
[0048] The electronic device includes a laser beam
scanner, a light detector, a mirror, and an adjuster. The
laser beam scanner is configured to scan a laser beam
over a projection surface. The light detector is configured
to detect the laser beam that has been scanned by the
laser beam scanner and reflected by a detection object.
The mirror is arranged to reflect the laser beam that has
been reflected by the detection object toward the light
detector. The adjuster is arranged to adjust at least one
of inclination of the mirror and position of the mirror with
respect to the light detector such that incident position of
the laser beam on the light detector is adjusted.
[0049] With the electronic device, as mentioned above,
there are provided the mirror that reflects the laser beam
reflected by the detection object toward the light detector,
and the adjuster that adjusts the inclination and/or the
position of the mirror with respect to the light detector,
thereby adjusting the incident position of the laser beam
on the light detector. Thus, even if the laser beam reflect-
ed by the detection object, such as the user’s finger or a
pointer, cannot be properly incident on the light detector
due to the layout precision of the optical system, such as
the mirror or the light detector, the incident position where
the laser beam is incident on the light detector can be
easily adjusted by using the adjuster to adjust the incli-
nation and/or the position of the mirror with respect to
the light detector. Thus, the laser beam reflected by the
detection object can be properly incident on the light de-
tector. Consequently, even after the assembly of the
electronic device (e.g., the projector), the laser beam re-
flected by the detection object can be easily adjusted
such that it is properly incident on the light detector. This
allows the input operation by the user to be accurately
detected.
[0050] With the electronic device, the electronic device
further includes a converging lens that is arranged to con-
verge the laser beam reflected by the mirror. The con-
versing lens is disposed between the light detector and
the mirror such that a spacing between the mirror and
the converging lens is greater than a spacing between
the converging lens and the light detector. With this con-
figuration, the amount of adjustment (or the amount of
movement) of the incident position of the laser beam on
the light detector with respect to the amount of movement
of the mirror can be reduced. This makes it easier to

adjust the incident position of the laser beam on the light
detector after assembly of the electronic device (e.g., the
projector).
[0051] With the electronic device, the mirror, the con-
verging lens, and the light detector are aligned along a
straight line (e.g., the optical axis 200) extending sub-
stantially perpendicular to the projection surface. With
this configuration, the layout surface area of the electron-
ic device (e.g., the projector) can be smaller than when
the mirror, the converging lens, and the light detector are
aligned along a straight line extending substantially par-
allel to the projection surface.
[0052] With the electronic device, the adjuster is ar-
ranged to adjust the inclination of the mirror with respect
to the light detector by rotating the mirror around an axis
substantially parallel to the projection surface such that
the incident position of the laser beam on the light detec-
tor is adjusted. With this configuration, the orientation of
the laser beam can be easily changed by adjusting the
inclination of the mirror with the adjuster. This makes it
easier to adjust the incident position of the laser beam
on the light detector after assembly of the electronic de-
vice (e.g., the projector).
[0053] With the electronic device, the adjuster is ar-
ranged to adjust the position of the mirror with respect to
the light detector by sliding the mirror in at least one of a
direction along the projection surface and a direction sub-
stantially perpendicular to the projection surface such
that the incident position of the laser beam on the light
detector is adjusted. With this configuration, the incident
state of the laser beam reflected by the detection object
(scattered light that has been scattered in a plurality of
directions) can be easily changed by sliding the mirror
with the adjuster. This makes it easier to adjust the inci-
dent position of the laser beam on the light detector after
assembly of the electronic device (e.g., the projector).
[0054] With the electronic device, the adjuster includes
an adjusting knob. The adjusting knob is operated to ad-
just the one of the inclination of the mirror and the position
of the mirror with respect to the light detector such that
the incident position of the laser beam on the light detec-
tor is adjusted. With this configuration, the inclination
and/or the position of the mirror with respect to the light
detector can be easily adjusted with the adjusting knob.
[0055] With the electronic device, the electronic device
further includes a converging lens and a mask member.
The converging lens is arranged to converge the laser
beam reflected by the mirror. The converging lens is dis-
posed between the light detector and the mirror. The
mask member is arranged to block the laser beam re-
flected by the detection object that is spaced from the
projection surface by a distance greater than a specific
distance. The mask member is disposed on a light inci-
dent face of the light detector that faces with the converg-
ing lens such that the laser beam is incident on the light
incident face. The adjuster is arranged to adjust the one
of the inclination of the mirror and the position of the mirror
with respect to the light detector such that the laser beam
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is directed towards one of the light incident face and the
mask member. With this configuration, even if the layout
positions of the optical system have to be readjusted after
the mask member has been disposed for blocking the
laser beam, the incident position of the laser beam on
the light detector can be adjusted by using the adjuster
to adjust the inclination and/or the position of the mirror
with respect to the light detector. Consequently, the mask
member does not have to be installed again. Thus, even
when the mask member is provided, the laser beam re-
flected by the detection object after assembly of the elec-
tronic device (e.g., the projector) can be easily adjusted
to be properly incident on the light detector. This allows
the input operation by the user to be accurately detected.
[0056] With the electronic device, the electronic device
further includes a controller that is configured to detect
a touch position of the detection object based on the laser
beam detected by the light detector while the adjuster
adjusts the one of the inclination of the mirror and the
position of the mirror with respect to the light detector
such that the incident position of the laser beam on the
light detector is adjusted. With this configuration, the
touch position of the detection object is detected by the
controller in a state in which the incident position of the
laser beam on the light detector has been adjusted by
the adjuster. Thus, the input operation by the user can
be correctly detected.
[0057] With the electronic device, the electronic device
further includes a projecting mirror arranged to reflect
over the projection surface the laser beam that has been
outputted from the laser beam scanner away from the
projection surface (e.g., the Z1 direction in FIG. 1).
[0058] With the electronic device, the electronic device
further includes a housing accommodating at least the
laser beam scanner and the light detector inside thereof.
The laser beam scanner is disposed above the light de-
tector (e.g., the Z1 direction in FIG. 1) inside the housing.
[0059] With the electronic device, the electronic device
has a projection function.
[0060] With the present invention, as discussed above,
even after the assembly of the electronic device, such
as the projector 1 or other electronic device with projec-
tion function, the laser beam reflected by the detection
object can be easily adjusted to be properly incident on
the light detector.
[0061] In understanding the scope of the present in-
vention, the term "comprising" and its derivatives, as
used herein, are intended to be open ended terms that
specify the presence of the stated features, elements,
components, groups, integers, and/or steps, but do not
exclude the presence of other unstated features, ele-
ments, components, groups, integers and/or steps. The
foregoing also applies to words having similar meanings
such as the terms, "including", "having" and their deriv-
atives. Also, the terms "part," "section," "portion," "mem-
ber" or "element" when used in the singular can have the
dual meaning of a single part or a plurality of parts unless
otherwise stated.

[0062] As used herein, the following directional terms
"frame facing side", "non-frame facing side", "forward",
"rearward", "front", "rear", "up", "down", "above", "below",
"upward", "downward", "top", "bottom", "side", "vertical",
"horizontal", "perpendicular" and "transverse" as well as
any other similar directional terms refer to those direc-
tions of a projector in an upright position. Accordingly,
these directional terms, as utilized to describe the pro-
jector should be interpreted relative to a projector in an
upright position on a horizontal surface.
[0063] Also it will be understood that although the
terms "first" and "second" may be used herein to describe
various components these components should not be
limited by these terms. These terms are only used to
distinguish one component from another. Thus, for ex-
ample, a first component discussed above could be
termed a second component and vice-a-versa without
departing from the teachings of the present invention.
The term "attached" or "attaching", as used herein, en-
compasses configurations in which an element is directly
secured to another element by affixing the element di-
rectly to the other element; configurations in which the
element is indirectly secured to the other element by af-
fixing the element to the intermediate member(s) which
in turn are affixed to the other element; and configurations
in which one element is integral with another element,
i.e. one element is essentially part of the other element.
This definition also applies to words of similar meaning,
for example, "joined", "connected", "coupled", "mount-
ed", "bonded", "fixed" and their derivatives. Finally, terms
of degree such as "substantially", "about" and "approxi-
mately" as used herein mean an amount of deviation of
the modified term such that the end result is not signifi-
cantly changed.
[0064] While only a selected embodiment has been
chosen to illustrate the present invention, it will be ap-
parent to those skilled in the art from this disclosure that
various changes and modifications can be made herein
without departing from the scope of the invention as de-
fined in the appended claims. For example, unless spe-
cifically stated otherwise, the size, shape, location or ori-
entation of the various components can be changed as
needed and/or desired so long as the changes do not
substantially affect their intended function. Unless spe-
cifically stated otherwise, components that are shown
directly connected or contacting each other can have in-
termediate structures disposed between them so long as
the changes do not substantially affect their intended
function. The functions of one element can be performed
by two, and vice versa unless specifically stated other-
wise. The structures and functions of one embodiment
can be adopted in another embodiment. It is not neces-
sary for all advantages to be present in a particular em-
bodiment at the same time. Every feature which is unique
from the prior art, alone or in combination with other fea-
tures, also should be considered a separate description
of further inventions by the applicant, including the struc-
tural and/or functional concepts embodied by such fea-
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ture(s). Thus, the foregoing descriptions of the embodi-
ment according to the present invention are provided for
illustration only, and not for the purpose of limiting the
invention as defined by the appended claims and their
equivalents.

Claims

1. An electronic device comprising:

a laser beam scanner configured to scan a laser
beam over a projection surface;
a light detector configured to detect the laser
beam that has been scanned by the laser beam
scanner and reflected by a detection object;
a mirror arranged to reflect the laser beam that
has been reflected by the detection obj ect to-
ward the light detector; and
an adjuster arranged to adjust at least one of
inclination of the mirror and position of the mirror
with respect to the light detector such that inci-
dent position of the laser beam on the light de-
tector is adjusted.

2. The electronic device according to claim 1, further
comprising
a converging lens arranged to converge the laser
beam reflected by the mirror, the converging lens
being disposed between the light detector and the
mirror such that a spacing between the mirror and
the converging lens is greater than a spacing be-
tween the converging lens and the light detector.

3. The electronic device according to claim 2, wherein
the mirror, the converging lens, and the light detector
are aligned along a straight line extending substan-
tially perpendicular to the projection surface.

4. The electronic device according to any one of claims
1 to 3, wherein
the adjuster is arranged to adjust the inclination of
the mirror with respect to the light detector by rotating
the mirror around an axis substantially parallel to the
projection surface such that the incident position of
the laser beam on the light detector is adjusted.

5. The electronic device according to any one of claims
1 to 4, wherein
the adjuster is arranged to adjust the position of the
mirror with respect to the light detector by sliding the
mirror in at least one of a direction along the projec-
tion surface and a direction substantially perpendic-
ular to the projection surface such that the incident
position of the laser beam on the light detector is
adjusted.

6. The electronic device according to any one of claims

1 to 5, wherein
the adjuster includes an adjusting knob, and
the adjusting knob is operated to adjust the one of
the inclination of the mirror and the position of the
mirror with respect to the light detector such that the
incident position of the laser beam on the light de-
tector is adjusted.

7. The electronic device according to any one of claims
1 to 6, further comprising
a converging lens arranged to converge the laser
beam reflected by the mirror, the converging lens
being disposed between the light detector and the
mirror, and
a mask member arranged to block the laser beam
reflected by the detection object that is spaced from
the projection surface by a distance greater than a
specific distance, the mask member being disposed
on a light incident face of the light detector that faces
with the converging lens such that the laser beam is
incident on the light incident face,
the adjuster being arranged to adjust the one of the
inclination of the mirror and the position of the mirror
with respect to the light detector such that the laser
beam is directed towards one of the light incident
face and the mask member.

8. The electronic device according to any one of claims
1 to 7, further comprising
a controller configured to detect a touch position of
the detection object based on the laser beam detect-
ed by the light detector while the adjuster adjusts the
one of the inclination of the mirror and the position
of the mirror with respect to the light detector such
that the incident position of the laser beam on the
light detector is adjusted.

9. The electronic device according to any one of claims
1 to 8, further comprising
a projecting mirror arranged to reflect over the pro-
jection surface the laser beam that has been output-
ted from the laser beam scanner away from the pro-
jection surface.

10. The electronic device according to any one of claims
1 to 9, further comprising
a housing accommodating at least the laser beam
scanner and the light detector inside thereof,
the laser beam scanner being disposed above the
light detector inside the housing.

11. The electronic device according to any one of claims
1 to 10, wherein
the electronic device has a projection function.
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