US 20100188722A1

a9 United States

a2y Patent Application Publication (o) Pub. No.: US 2010/0188722 Al

Yamada et al.

43) Pub. Date: Jul. 29, 2010

(54)

(735)

(73)

@

(22)

(62)

(30)

Feb. 20, 2006
Mar. 3, 2006

BEAM IRRADIATION APPARATUS

Inventors: Masato Yamada, Inuyama-shi (JP);
Yoshihisa Suzuki, Ichinomiya-City

(P)

Correspondence Address:

DITTHAVONG MORI & STEINER, P.C.
918 Prince Street

Alexandria, VA 22314 (US)

SANYO Electric Co., Ltd.,
Moriguchi-shi (JP)

Assignee:

Appl. No.: 12/688,247

Filed: Jan. 15, 2010

Related U.S. Application Data

Division of application No. 11/675,852, filed on Feb.
16, 2007.

Foreign Application Priority Data

(000 Y 2006-041924
1800 Y 2006-058578

Publication Classification

(51) Int.CL

GO2B 26/08 (2006.01)
TGN LR o) R 359/196.1
(57) ABSTRACT

An attachment lens is arranged in a stage subsequent to a
scanning lens. After a laser beam is converged by the scanning
lens, the laser beam is converted into a parallel beam by the
attachment lens. When the scanning lens is displaced in a
direction perpendicular to an optical axis of the laser beam, a
traveling direction of the laser beam is bent by a predeter-
mined angle immediately after the laser beam passes through
the scanning lens. Then, the traveling direction of the laser
beam is further bent by a predetermined angle in the same
direction by the passage of the laser beam through the attach-
ment lens. Accordingly, a final swing angle of the laser beam
outgoing from an outgoing window is increased by a swing
angle imparted by the attachment lens compared with the case
where the attachment lens is not arranged. One of lens sur-
faces of the attachment lens is formed in a toroidal surface,
which allows the laser beam to have along outline ina vertical
direction.
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BEAM IRRADIATION APPARATUS

[0001] This application claims priority under 35 U.S.C.
Section 119 of Japanese Patent Application No. 2006-041924
filed Feb. 20, 2006 and Japanese Patent Application No.
2006-058578 filed Mar. 3, 2006.

RELATED PATENT APPLICATIONS

[0002] This is a divisional of U.S. patent application Ser.
No. 11/675,852, filed Feb. 26, 2007.

BACKGROUND OF THE INVENTION

[0003] 1. Field of the Invention

[0004] The present invention relates to a beam irradiation
apparatus which is suitably used in an inter-vehicle distance
detector, a distance detector, and the like.

[0005] 2. Description of the Related Art

[0006] Recently, a detection apparatus in which a target
region is irradiated with a laser beam to detect an obstacle
within the target region is mounted on a passenger automo-
bile. In such a detection apparatus, the laser beam is scanned
in a horizontal direction and a vertical direction within the
target region, and a distance between the automobile and the
obstacle is detected from an acceptance state of the reflected
light.

[0007] In order to scan the laser beam, a so-called beam
irradiation apparatus is arranged in the detection apparatus.
For example, a lens actuator disclosed in Japanese Patent
Publication Laid-Open No. 11-83988 can be used to scan the
laser beam. In the actuator, a scanning lens converts the laser
beam (diffuse light) emitted from a light source into a parallel
beam or a light beam slightly diffused rather than the parallel
beam. The scanning lens is two-dimensionally driven in a
direction perpendicular to an optical axis of the laser beam
according to the drive of the actuator, which allows the laser
beam to be scanned within the target region.

[0008] However, in the conventional technique, there is
generated a problem a swing width of the laser beam is
restricted by a drive amount of the actuator. Because the drive
amount of the actuator has a predetermined restriction, in
order to displace the scanning lens beyond the restriction, it is
necessary to enlarge the actuator, or it is necessary to enhance
drive force of an electromagnetic circuit including a magnet
and a coil. However, the beam irradiation apparatus is there-
fore enlarged to generate a further problem that power con-
sumption is increased.

[0009] Intheconventional beam irradiation apparatus, gen-
erally the target region is divided into matrixes in the hori-
zontal direction and the vertical direction, an outgoing level
of'the laser beam is enhanced in a pulsating manner at timing
a scanning position of the laser beam reaches each grid posi-
tion, and the grid position is irradiated with the laser beam.
The detection whether or not the obstacle exists at the grid
position is performed based on whether or not the light
reflected from the target region is detected at each grid posi-
tion, and a distance to the obstacle is detected based on a time
difference between outgoing timing and acceptance timing of
the laser beam.

[0010] In this case, resolution of the grid has an influence
on accuracy of the obstacle detection. That is, as the resolu-
tion of the grid is enhanced, the accuracy of the obstacle
detection is enhanced in the target region. At the same time,
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when the resolution of the grid is enhanced, an outgoing
frequency of the laser beam is increased, which complicates
scanning control. On the other hand, in the passenger auto-
mobile it is necessary that the detection accuracy in the hori-
zontal direction be enhanced rather than the detection accu-
racy in the vertical direction. Accordingly, it is desirable that
the resolution of the grid be enhanced in the horizontal direc-
tion while lowered in the vertical direction.

SUMMARY OF THE INVENTION

[0011] In view of the foregoing, a first object of the inven-
tion is to provide a beam irradiation apparatus which can
increase the swing width of the laser beam with a simple
configuration while a displacement amount of the scanning
lens is suppressed to a small level. A second object of the
invention is to provide a beam irradiation apparatus which can
irradiate the laser beam having a proper outline according to
the resolution of the grid.

[0012] A beam irradiation apparatus according to a first
aspect of the invention realizes the first object, by including a
light source which emits a laser beam; a scanning unit which
displaces a traveling direction of the laser beam emitted from
the light source toward a direction perpendicular to an optical
axis of the laser beam; and a lens element which imparts wide
angle action to a swing angle of the optical axis, the swing
angle being generated by the scanning unit.

[0013] In the beam irradiation apparatus according to the
first aspect of the invention, the scanning unit may be config-
ured to displace the laser beam in a first direction and a second
direction, the first direction being perpendicular to the optical
axis, and the second direction being perpendicular to both the
first direction and the optical axis, and the lens element may
be configured to impart the wide angle action to the laser
beam in at least one of the first direction and the second
direction.

[0014] According to the beam irradiation apparatus of the
first aspect, the swing width in scanning the laser beam can be
increased by the wide angle action imparted by the lens ele-
ment.

[0015] Thebeam irradiationapparatus according to the first
aspect of the invention is implemented by the following first
embodiment. In the embodiment, the scanning unit in the first
aspect corresponds to a scanning lens 301 and lens actuator
300 or a polygon mirror 900, and the lens element in the first
aspect corresponds to an attachment lens 700.

[0016] A beam irradiation apparatus according to a second
aspect of the invention realizes the first object by including a
light source which emits a laser beam; a first lens which
displaces a traveling direction of the laser beam emitted from
the light source toward a direction perpendicular to an optical
axis of the laser beam; an actuator which drives the first lens;
and a second lens which imparts wide angle action to a swing
angle of the optical axis, the swing angle being generated by
displacing the first lens.

[0017] In the beam irradiation apparatus according to the
second aspect of the invention, the first lens may be config-
ured to converge the laser beam smaller than a parallel beam,
and the second lens may be configured to diffuse the laser
beam converged by the first lens into a substantially parallel
state.

[0018] In the beam irradiation apparatus according to the
second aspect of the invention, the actuator may be config-
ured to two-dimensionally drive the first lens in a first direc-
tion and a second direction, the first direction being perpen-
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dicular to the optical axis of the laser beam, and the second
direction being perpendicular to both the first direction and
the optical axis, and the second lens may be configured to
impart the wide angle action to the laser beam in at least one
of the first direction and the second direction.

[0019] According to the beam irradiation apparatus of the
second aspect, the swing width in scanning the laser beam can
be increased by the wide angle action imparted by the second
lens. For example, in a case where a beam diameter (by ray
tracing) of the laser beam outgoing from the second lens is 1/n
times the beam diameter (also by ray tracing) incident to the
first lens while the laser beam outgoing from the second lens
is the parallel beam, scanning can be performed with the laser
beam having the swing width n times that of a case where the
second lens is not used.

[0020] The beam irradiation apparatus according to the
second aspect of the invention is implemented by the follow-
ing second embodiment. In the embodiment, the first lens in
the second aspect corresponds to the scanning lens 301, the
actuator in the second aspect corresponds to the lens actuator
300 or the polygon mirror 900, and the second lens in the
second aspect corresponds to the attachment lens 700.
[0021] A beam irradiation apparatus according to a third
aspect of the invention realizes the second object by including
alight source which emits a laser beam; a scanning unit which
scans the laser beam emitted from the light source within a
target region; and an optical member which deforms an out-
line of the laser beam in the target region so as to become thin
in one direction.

[0022] In the beam irradiation apparatus according to the
third aspect of the invention, the scanning unit may be con-
figured to scan the laser beam in at least a horizontal direction
within the target region, and the optical member may be
configured to deform the outline of the laser beam in the target
region so as to become thin in a direction perpendicular to the
horizontal direction.

[0023] According to the beam irradiation apparatus of the
third aspect, the outline of the laser beam on the target region
is adjusted so as to become thin in one direction by the optical
action imparted by the optical member. Accordingly, as
described above, the target region can be irradiated with the
laser beam having the outline suitable to the grid shape, even
if the resolution of the grid set in the target region is changed.
Therefore, the beam irradiation apparatus according to the
third aspect of the invention can efficiently and stably realize
the scanning operation.

[0024] The beam irradiation apparatus according to the
third aspect of the invention is implemented by the following
second embodiment. In the embodiment, the scanning unit in
the third aspect corresponds to the scanning lens 301 and the
lens actuator 300 or the polygon mirror 900, and the optical
member in the third aspect corresponds to the attachment lens
700.

[0025] However, the invention is illustrated by the follow-
ing embodiments only by way of example, and the invention
is not limited to the embodiments.

BRIEF DESCRIPTION OF THE DRAWINGS

[0026] Other objects and novel features of the invention
will become apparent from the following description of
embodiments with reference to the accompanying drawings
in which:

[0027] FIG. 1 shows a configuration of a beam irradiation
apparatus according to a first embodiment of the invention;
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[0028] FIG. 2 shows a configuration of alens actuatorin the
first embodiment;

[0029] FIGS. 3A and 3B show simulation results of behav-
iors in which an irradiation laser beam and a separated beam
are swung respectively when a scanning lens 301 is displaced
in one direction in the first embodiment;

[0030] FIG. 4 shows a structure of a PSD of the first
embodiment;

[0031] FIGS. 5A and 5B show the structure and a voltage
characteristic of the PSD in the first embodiment respec-
tively;

[0032] FIG. 6 shows a relationship between a movement

amount of a scanning lens and a scanning angle in the first
embodiment;

[0033] FIGS. 7A to 7F show an intensity distribution of a
laser beam when an irradiation laser beam in the first embodi-
ment is displaced;

[0034] FIGS. 8A to 8F show the intensity distribution ofthe
laser beam when the irradiation laser beam in the first
embodiment is displaced;

[0035] FIGS.9A to 9C show the intensity distribution of the
laser beam when the irradiation laser beam in the first
embodiment is displaced;

[0036] FIGS. 10A to 10F show the intensity distribution of
the laser beam when the irradiation laser beam in a second
embodiment is displaced;

[0037] FIGS. 11A to 11F show the intensity distribution of
the laser beam when the irradiation laser beam in the second
embodiment is displaced;

[0038] FIGS. 12A to 12C show the intensity distribution of
the laser beam when the irradiation laser beam in the second
embodiment is displaced;

[0039] FIGS. 13A and 13B show examples of a scanning
orbit and a state of the irradiation laser beam in the second
embodiment; and

[0040] FIG. 14 shows a configuration of a beam irradiation
apparatus according to a modification.

[0041] However, these drawings are used only for the
description of specific embodiments by way of example, and
the invention is not limited to the drawings.

DESCRIPTION OF PREFERRED
EMBODIMENTS

[0042] Preferred embodiments of the invention will be
described below with reference to the drawings.

First Embodiment

[0043] FIG. 1 shows a configuration of a beam irradiation
apparatus according to a first embodiment of the invention.
FIG. 1 shows only a head portion (beam irradiation head) of
the beam irradiation apparatus, and a configuration of a con-
trol circuit is neglected in FIG. 1.

[0044] Thebeam irradiation head includes a semiconductor
laser 100, an aperture 200, a lens actuator 300, a beam splitter
400, a servo lens 500, a PSD (Position Sensitive Detector)
600, an attachment lens 700, and an outgoing window 800.
[0045] The laser beam emitted from the semiconductor
laser 100 is shaped in a desired shape by the aperture 200, and
the laser beam is incident to a scanning lens 301. The scan-
ning lens 301 includes a convex lens having aspheric surfaces,
and the scanning lens 301 forms the laser beam incident from
the semiconductor laser 100 into the convergent beam smaller
than a parallel beam. The scanning lens 301 is supported by a
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lens actuator 300 so as to be able to be displaced in aY-Z plane
of FIG. 1. In the laser beam which passes already through the
scanning lens 301, an output angle is changed in the Y-Z plane
according to drive of the lens actuator 300. The scanning lens
301 is adjusted by the lens actuator 300 such that a center axis
of the scanning lens 301 is aligned with a center axis of the
attachment lens 700 when the scanning lens 301 is located at
a neutral position.

[0046] A part of the laser beam is reflected and separated
from the laser beam (hereinafter referred to as “irradiation
laser beam”™), with which a target region is irradiated, by the
beam splitter 400 after the laser beam passes through the
scanning lens 301. The separated laser beam (hereinafter
referred to as “separated beam”) is converged on the PSD 600
through the servo lens (convergent lens) 500.

[0047] The PSD 600 has an acceptance surface parallel to
an X-Y plane of FIG. 1, and the PSD 600 outputs a current
according to a convergent position of the separated beam on
the acceptance surface. At this point, the convergent position
of the separated beam on the acceptance surface corresponds
one-on-one to an irradiation position of the irradiation laser
beam on the target region. Therefore, the output current from
the PSD 600 corresponds to the irradiation position of the
irradiation laser beam on the target region.

[0048] A signal processing circuit (not shown) processes
the current signal, and the irradiation position of the irradia-
tion laser beam. The scanning of the irradiation laser beam is
controlled based on the detection result. The configuration
and the current output operation of the PSD 600 will be
described later with reference to FIGS. 4, 5A and 5B.
[0049] Theirradiation laser beam passing through the beam
splitter 400 is incident to the attachment lens 700. The attach-
ment lens 700 includes a concave lens which imparts diffu-
sion action to the laser beam in an all-around direction. The
attachment lens 700 converts the irradiation laser beam,
which is inputted as the convergent beam, into the parallel
beam. The irradiation laser beam converted into the parallel
beam by the attachment lens 700 passes through the outgoing
window 800, and the target region is irradiated with the irra-
diation laser beam.

[0050] FIG. 2 shows a configuration (exploded perspective
view) of the lens actuator 300.

[0051] Referring to FIG. 2, the scanning lens 301 is placed
in an opening of a central portion of a lens holder 302. Coils
are attached to for side faces of the lens holder 302 respec-
tively, and a projection portion in the center of a yoke 303 is
into each coil from each arrow direction. Tongue pieces on
both sides of each yoke 303 are fitted in recesses of a pair of
yoke fixing members 305. A magnet 304 is fixed to each yoke
fixing member 305 such that the tongue piece of the yoke 303
is sandwiched between the magnet 304 and the yoke fixing
member 305. In this state of things, the yoke fixing member
305 is attached to a base (not shown) along with the magnet
304.

[0052] A pairofwire fixing members 306 is also attached to
the base to elastically support the lens holder 302 through
wires 307. Holes through which the wires 307 are fitted
respectively are made in four corners of the lens holder 302.
After the wire 307 is fitted through the hole, both ends of the
wire 307 are fixed the wire fixing members 306 respectively.
Therefore, the wire fixing member 306 elastically supports
the lens holder 302 through the wires 307.

[0053] In driving the lens actuator 300, an actuator drive
circuit supplies drive signals to the coils attached to the lens
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holder 302, which generates electromagnetic force to two-
dimensionally drive the scanning lens 301 along with the lens
holder.

[0054] FIG. 3A shows a simulation result performed by ray
tracing for a behavior in which the irradiation laser beam is
swung when the scanning lens 301 is displaced in a direction
of'an arrow A. FIG. 3B shows a simulation result performed
by the ray tracing for a behavior in which the separated beam
is swung when the scanning lens 301 is displaced in the same
direction (direction of the arrow A). FIG. 3B shows only a
trajectory of the laser beam incident to the servo lens 500.

[0055] As shown in FIG. 3A, a traveling direction of the
irradiation laser beam is bent by a predetermined angle imme-
diately after the irradiation laser beam passes through the
scanning lens by displacing the scanning lens 301. Then, the
irradiation laser beam passes through the attachment lens
700, which further bends the traveling direction by a prede-
termined angle toward the same direction. Accordingly, the
final swing angle of the irradiation laser beam outgoing from
the outgoing window 800 becomes larger by the swing angle
imparted by the attachment lens 700 when compared with the
case where the attachment lens 700 is not arranged. Because
the attachment lens 700 includes the concave lens which
imparts the diffusion action to the laser beam in the all-around
direction, the swing-angle increased effect (wide angle
action) is also generated in the all-around direction of the
attachment lens 700. The swing-angle increased effect (wide
angle action) will be described later with reference to FIG. 6.

[0056] FIG. 4 shows the structure of the PSD 600. FIG. 4
shows the structure of the PSD 600 when viewed from the
Y-axis direction of FIG. 1.

[0057] As shown in FIG. 4, the PSD 600 has a structure in
which a P-type resistance layer is formed on a surface of an
N-type high-resistance silicon substrate. The P-type resis-
tance layer acts as both the acceptance surface and the resis-
tance layer. Electrodes X1 and X2 and electrodes Y1 and Y2
(not shown in FIG. 4) are formed on the surface of the resis-
tance layer. The electrodes X1 and X2 output a photocurrent
in the X-direction of FIG. 1, and the electrodes Y1 and Y2
output a photocurrent in the Y-direction of FIG. 1. A common
electrode is formed in the backside.

[0058] When the separated beam is converged onto the
acceptance surface, a charge is generated at the convergent
position according to alight quantity. The charge in the form
of the photocurrent reaches the resistance layer, and the
charge is divided in inverse proportion to a distance to each of
the electrodes X1, X2, Y1, and Y2 and delivered from the
electrodes. Each of the currents delivered from the electrodes
X1, X2,Y1, and Y2 has a magnitude divided in inverse pro-
portion to the distance to each electrode from the convergent
position of the separated beam. Therefore, the convergent
position can be detected on the acceptance surface based on
the currents delivered from the electrodes X1, X2,Y1,andY2.

[0059] FIG. 5A shows the effective acceptance surface of
the PSD 600. FIG. 5B shows a relationship between the
separated-beam convergent position on the effective accep-
tance surface and a position detection voltage which is gen-
erated by a PSD signal processing circuit based on the cur-
rents obtained from the electrodes X1, X2, Y1, and Y2. In
FIG. 5A, the effective acceptance surface is formed in a
square shape. FIG. 5B shows the relationship between an
output voltage and displacement amount in the X-direction
and Y-direction of the convergent position with respect to a
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reference position while a center position on the effective
acceptance surface is set to the reference position (zero posi-
tion).

[0060] The signal processing circuit generates a voltage
Xout corresponding to the displacement amount in the X-di-
rection of the convergent position and a voltage Yout corre-
sponding to the displacement amount in the Y-direction based
on the currents delivered from the electrodes X1,X2,Y1, and
Y2, and the signal processing circuit outputs the voltages
Xout and Yout to a DSP (Digital Signal Processor) control
circuit through an ADC (Analog Digital Converter). The DSP
control circuit detects the displacement amounts in the X-di-
rection and Y-direction of the convergent position from the
inputted voltages Xout and Yout.

[0061] FIG. 6 shows a result in which a relationship
between a movement amount of the scanning lens 301 and a
scanning angle of the irradiation laser beam is simulated
under constant conditions in the configuration of FIG. 1. The
scanning angle of a vertical axis is one which is formed
between the optical axis of the laser beam emitted from the
semiconductor laser 100 and the optical axis of the laser beam
outgoing from the outgoing window 800. FIG. 6 also shows a
relationship between the movement amount of scanning lens
301 and the scanning angle when the attachment lens 700 is
neglected as a comparative example.

[0062] The simulation conditions are as follows.
[0063] (Scanning Lens 301)
[0064] double-aspheric surface
[0065] focal distance: 13.4912 mm
[0066] effective diameter: ¢$16 mm (aperture)
[0067] center thickness: 5 mm
[0068] refractive index: 1.517
[0069] (Attachment Lens 700)
[0070] incident side: spherical surface/
[0071] outgoing side: spherical surface
[0072] focal distance: -23.0474 mm
[0073] effective diameter: $14.0 mm
[0074] center thickness: 1 mm
[0075] refractive index: 1.517
[0076] (Other)
[0077] distance between semiconductor laser and attach-

ment lens: 52.81 mm
[0078]

[0079] It is assumed that the scanning lens 301 and the
attachment lens 700 are arranged at the positions where the
laser beam outgoing from the attachment lens 700 becomes
the parallel beam and the beam diameter (by the ray tracing)
outgoing from the attachment lens 700 becomes a half of the
beam diameter (by the ray tracing) incident to the scanning
lens 301 when the center axes of the scanning lens 301 and
attachment lens 700 are aligned with each other, namely,
when the scanning lens 301 is located at the neutral position.
[0080] As shown in FIG. 6, when the above-described
design example (simulation conditions) is adopted, the
double scanning angle can be obtained at each scanning lens
position compared with the comparative example. That is,
according to the design example, even if the scanning lens
301 is displaced lesser, the scanning can be performed with
the irradiation laser beam having the large swing angle.

displacement amount of scanning lens: +2 mm
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[0081] Each lens suitable to the simulation conditions can
be formed based on the following lens data.

(Scanning Lens 301)

[0082] a. Incidence Plane (Aspheric Surface)

[0083] curvature radius 16.8777649771835 mm

[0084] aspherical coefficient (aspheric surface generation
polynomial):

—-8.48832199279343
—-4.27096033316007e-007
1.17521904684828e-006
—-2.111559547426e-008

conical constant (K)
fourth-order coefficient (A)
sixth-order coefficient (B)
eighth-order coefficient (C)

b. Outgoing Plane (Aspheric Surface)

[0085] curvature radius —10.4603963534906 mm
[0086] aspherical coefficient (aspheric surface generation
polynomial):

0.0947470811575341
7.4254388113816e-005
2.33700944147862e-006
-1.55061157703029e-008

conical constant (K)
fourth-order coefficient (A)
sixth-order coefficient (B)
eighth-order coefficient (C)

c. Material: glass/BK7 (refractive index=1.517)

(Attachment Lens 701)

[0087] a. Incidence Plane (Spherical Surface)

[0088] curvature radius —60.3114453703036 mm

b. Outgoing Plane (Spherical Surface)

[0089] curvature radius 14.68847686175 mm

c. Distance between Center Surfaces 1 mm

d. Material glass/BK7 (refractive index=1.517)

[0090] The above simulation is performed on the condi-
tions that, when the scanning lens 301 is located at the neutral
position, the laser beam outgoing from the attachment lens
700 becomes the parallel beam and the beam diameter (by the
ray tracing) outgoing from the attachment lens 700 becomes
a half of the beam diameter (also by the ray tracing) incident
to the scanning lens 301. However, in the case where condi-
tions are set to the optical system such that a beam diameter
(by the ray tracing) of the laser beam outgoing from the
attachment lens 700 is 1/n times the beam diameter (also by
the ray tracing) incident to the scanning lens 301, the scan-
ning can be performed with the irradiation laser beam having
the swing angle n times that of the comparative example. That
is, the smaller is decreased the beam diameter of the laser
beam outgoing from the attachment lens 700, the larger is
increased the swing angle of the irradiation laser beam to the
displacement amount of the scanning lens 301.

[0091] However, when the beam diameter of the laser beam
outgoing from the attachment lens 700 is excessively
decreased, scattering is generated in the irradiation laser
beam by a water droplet or dust adhering to the outgoing
window 800, which results in a problem that the target region
is not smoothly irradiated with the irradiation laser beam.
Accordingly, when the laser beam is incident to the scanning
lens 301, it is necessary that the beam diameter be set to an
adequate size in consideration of both the adverse affect of the
water droplet or dust and the swing angle necessary to the
scanning of the irradiation laser beam.
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[0092] Inthe case where the simulation conditions are set to
the optical system, because the sufficiently large beam diam-
eter is obtained, the target region can smoothly be irradiated
with the irradiation laser beam without generating the adverse
affect of the water droplet or dust.

[0093] In the first embodiment, when the scanning lens is
displaced from the neutral position, aberration is generated
according to the difference between the center axis of the
scanning lens and the optical axis of the incident laser beam.
FIGS. 7A to 7F, 8A to 8F, and 9A to 9C show simulation
results in which a generation state (intensity distribution) of
the aberration is simulated when the scanning lens 301 is
displaced while the simulation conditions are set to the opti-
cal system. The intensity distribution shown in FIGS. 7A to
7F, 8A to 8F, and 9A to 9C is one in the case where the
intensity distribution of the irradiation laser beam is obtained
in the target region positioned 100 m away from the attach-
ment lens 700.

[0094] Each of FIGS. 7A to 7F, 8A to 8F, and 9A to 9C
shows a beam intensity distribution (left) when the irradiation
laser beam is swung by a predetermined angle in the horizon-
tal direction while the scanning lens is displaced, a beam
profile (middle) in the horizontal direction (horizontal direc-
tion of the drawing) with respect to each beam intensity
distribution, and a beam profile (right) in the vertical direction
(vertical direction of the drawing). The horizontal axis of the
beam profile is a distance from the beam center position
(where the beam intensity is the highest), and the vertical axis
is an intensity level when the maximum intensity is set to 100.
In the horizontal axis, the beam center position is set to zero.
[0095] As can be seen from FIGS. 7A to 7F, 8A to 8F, and
9A to 9C, in the case where the simulation conditions are set
to the optical system, the generation of the aberration
becomes conspicuous from around the position where the
irradiation laser beam is scanned by about 15° from the neu-
tral position (see FIGS. 8D to 8F), and the intensity distribu-
tion of the irradiation laser beam becomes distorted in the
horizontal direction. When the scanning angle becomes about
20° (see FIGS. 9A to 9C), the distortion of the intensity
distribution becomes significant. The distortion is also gen-
erated when the irradiation laser beam is scanned in the ver-
tical direction.

[0096] In order to decrease the distortion, it is necessary
that the surface of the scanning lens 301 or attachment lens
700 be set to be able to suppress the aberration generated by
the displacement of the scanning lens, or it is necessary that a
correction lens be separately arranged in an optical path to
suppress the aberration. On the apparatus side in which the
beam irradiation apparatus of the first embodiment is
mounted, when the distortion of the intensity distribution
becomes troublesome, it is necessary that the distortion be
decreased by such countermeasures.

[0097] Although the embodiment (first embodiment) of the
invention described above, the invention is not limited to the
first embodiment, but various modifications could be made.

[0098] In the first embodiment, the attachment lens 700 is
formed by the concave lens which imparts the wide angle
action to the laser beam in all-around direction. However, for
example, in the attachment lens 700, a lens which imparts the
wide angle action to the laser beam only in one direction may
appropriately be arranged in place of the concave lens. In this
case, in the configuration of FIG. 1, the attachment lens 700 is
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arranged such that the direction of the wide angle action is
aligned with either the Z-axis direction or the Y-axis direction
of FIG. 1.

[0099] For example, in the case where the direction of the
wide angle action of the attachment lens 700 is aligned with
the Z-axis direction of FIG. 1, the scanning angle of the
irradiation laser beam is amplified by the wide angle action of
the attachment lens 700 only when the scanning lens 301 is
displaced in the Z-axis direction. In this case, even if the
scanning lens 301 is displaced in the Y-axis direction, the
wide angle action of the attachment lens 700 has no influence
on the scanning angle of the irradiation laser beam, but the
scanning angle of the irradiation laser beam is generated only
by the displacement of the scanning lens 301.

[0100] In such cases, the lens surfaces of the scanning lens
301 may be formed such that the laser beam is further con-
verged from the parallel beam in the Z-axis direction of FI1G.
1 while the laser beam is set to the parallel beam in the Y-axis
direction of FIG. 1. The lens surfaces of the attachment lens
700 may be formed such that the convergent state in the
Z-axis direction which is imparted by the scanning lens is
converted into the parallel beam. This enables the irradiation
laser beam to be set to the parallel beam after the irradiation
laser beam passes through the attachment lens 700.

[0101] The modification is an effective example particu-
larly in the case where the large scanning range is ensured in
one direction. For example, in the case where the beam irra-
diation apparatus is mounted on the vehicle, it is necessary
that the large scanning range be set in the horizontal direction
rather than the vertical direction to rapidly detect an obstacle
lateral to the vehicle or jump from the side. The modification
is suitable to such situations.

[0102] In the modification, because the degree of the
change in scanning angle in the Z-axis direction is larger than
the degree of the change in scanning angle in the Y-axis
direction, it is desirable that the separated beam converged on
the PSD 600 be moved on the acceptance surface so as to
reflect the degree of the change. Accordingly, in the modifi-
cation, it is desirable that the lens surfaces of the servo lens
500 be designed such that the convergent position of the
separated beam is moved on the acceptance surface.

Second Embodiment

[0103] In configuration of the first embodiment, both the
incidence plane and outgoing plane of the attachment lens
700 are formed in the spherical surface, and the uniform
diffusion action is imparted to the laser beam in the all-around
direction. However, a function of adjusting the beam shape of
the irradiation laser beam can be imparted to one of the
incidence plane and the outgoing plane. For example, one of
the incidence plane and the outgoing plane is formed in a
toroidal surface, and the irradiation laser beam can be formed
in the beam shape thinner than that of the first embodiment.

[0104] FIGS.10Ato10F,11A to11F, and 12A to 12C show
simulation results in the case where the incidence plane of the
attachment lens 700 is set to a toroidal surface. The intensity
distribution of the irradiation laser beam is simulated when
the scanning lens 301 is displaced while the following con-
ditions are set to the optical system. The intensity distribution
shown in FIGS. 10A to 10F, 11A to 11F, and 12A to 12C is
one in the case where the intensity distribution of the irradia-
tion laser beam is obtained in the target region positioned 100
m away from the attachment lens 700.
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[0105] (Scanning Lens 301)
[0106] double-aspheric surface
[0107] focal distance: 13.4912 mm
[0108] effective diameter: ¢$16 mm (aperture)
[0109] center thickness: 5 mm
[0110] refractive index: 1.517
[0111] (Attachment Lens 700)
[0112] incident side: toroidal surface/
[0113] outgoing side: spherical surface
[0114] focal distance: horizontal direction -23.0359
mm.

[0115] vertical direction —20.9278 mm

[0116] effective diameter: $14.0 mm
[0117] center thickness: 1 mm
[0118] refractive index: 1.517
[0119] (Other)
[0120] distance between semiconductor laser and attach-

ment lens: 52.81 mm
[0121] displacement amount of scanning lens: +2 mm

[0122] It is assumed that the scanning lens 301 and the
attachment lens 700 are arranged at the positions where the
laser beam outgoing from the attachment lens 700 becomes
the parallel beam in the horizontal direction and the beam
diameter (by the ray tracing) outgoing from the attachment
lens 700 becomes a half of the beam diameter (also by the ray
tracing) incident to the scanning lens 301 in the horizontal
direction when the center axes of the scanning lens 301 and
attachment lens 700 are aligned with each other, namely,
when the scanning lens 301 is located at the neutral position.
[0123] Each of FIGS. 10A to 10F, 11A to 11F, and 12A to
12C shows a beam intensity distribution (left) when the irra-
diation laser beam is swung by a predetermined angle in the
horizontal direction by displacing the scanning lens 301 in the
horizontal direction (Z-axis direction of FIG. 1), a beam
profile (middle) in the horizontal direction (horizontal direc-
tion of the drawing) with respect to each beam intensity
distribution, and a beam profile (right) in the vertical direction
(vertical direction of the drawing). The horizontal axis of the
beam profile is a distance from the beam center position
(where the beam intensity is the highest), and the vertical axis
is an intensity level when the maximum intensity is set to 100.
In the horizontal axis, the beam center position is set to zero.
[0124] As canbe seen from FIGS. 10A to 10F, 11A to 11F,
and 12A to 12C, the incidence plane of the attachment lens
700 is formed in the toroidal surface, which allows the irra-
diation laser beam to be formed in the beam shape thinner
than that of the first embodiment in the vertical direction
(Y-axis direction of FIG. 1). As a result, when compared with
the first embodiment, the vertical coverage of the irradiation
laser beam can be widened, and resolution can be enhanced in
the horizontal direction. In the case where the configuration is
applied to the in-vehicle obstacle detection apparatus, as
shown in FIG. 13B, the number of scanning stages (the num-
ber of blocks when the target region is divided into matrixes)
in the vertical direction can be decreased in the target region,
and the scanning resolution can be enhanced in the horizontal
direction. Therefore, the scanning control can be simplified
and the detection accuracy can be improved in the horizontal
direction. FIG. 13A shows the beam shape and the divided
state of the target region in the case where both the incidence
plane and outgoing plane of the attachment lens 700 are
formed in the spherical surface.

[0125] The attachment lens 700 suitable to the simulation
conditions can be formed based on the following lens data.
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The lens data for the scanning lens 301 is similar to that of the
simulation of the first embodiment, so that the description
will be neglected.

(Attachment Lens 701)

[0126]
[0127]

a. Incidence Plane (Toroidal Surface)
curvature radius:

[0128] horizontal direction —60.16068895769 mm

[0129] wvertical direction —40 mm
b. Outgoing Plane (Spherical Surface)
[0130] curvature radius 14.68847686175 mm
c. Material: glass/BK7 (refractive index=1.517)
[0131] According to the simulation conditions, the same
wide angle action as that of FIG. 6 can be realized.
[0132] As canbe seen from FIGS. 10A to 10F, 11A to 11F,
and 12A to 12C, as with the first embodiment, the aberration
is also generated in the irradiation laser beam according to the
simulation conditions. In the case where the simulation con-
ditions are set to the optical system, the generation of the
aberration becomes conspicuous from around the position
where the irradiation laser beam is scanned by about 15° from
the neutral position (see FIGS. 11D to 11F), and the intensity
distribution of the irradiation laser beam becomes distorted in
the horizontal direction. When the scanning angle becomes
about 20° (see FIGS. 12A to 12C), the distortion of the
intensity distribution becomes significant. The distortion is
also generated when the irradiation laser beam is scanned in
the vertical direction.
[0133] In order to decrease the distortion, it is necessary
that the surface of the scanning lens 301 be set to be able to
suppress the aberration generated by the displacement of the
scanning lens, or it is necessary that a correction lens be
separately arranged in an optical path to suppress the aberra-
tion. On the apparatus side in which the beam irradiation
apparatus of the second embodiment is mounted, when the
distortion of the intensity distribution becomes troublesome,
it is necessary that the distortion be decreased by such coun-
termeasures.
[0134] In the in-vehicle beam irradiation apparatus, gener-
ally because the laser-beam swing angle of about +10 degrees
is necessary in the horizontal direction to monitor the front of
the vehicle, unless the aberration is conspicuous when the
swing angle is within the +10 degrees, there is generated no
problem in the accuracy ofthe inter-vehicular distance detect-
ing operation. Accordingly, in the optical system designed
according to the simulation conditions is mounted on the
in-vehicle beam irradiation apparatus, the problem-free scan-
ning operation can be realized without separately adding the
aberration correction lens.
[0135] Thus, the shaping effect of the irradiation laser beam
can be obtained as well as the wide angle effect by adjusting
the surface shape of the attachment lens 700. That is, both the
swing-angle increased effect and the scanning control sim-
plification effect can simultaneously obtained by the simple
configuration.
[0136] Although the second embodiment of the invention
described above, the invention is not limited to the second
embodiment, but various modifications could be made.
[0137] Although the incidence plane of the attachment lens
700 is formed in the toroidal surface in the second embodi-
ment, the incidence plane may be formed in the cylindrical
surface in place of the toroidal surface. In this case, it is
necessary that the orientation of the cylindrical surface be
adjusted such that the beam shape becomes thin in the desired
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direction in the target region. It is also necessary that the
surface shapes of the cylindrical surface (incidence plane)
and spherical surface (outgoing plane) be designed such that
the beam becomes the desired size in the target region.
[0138] In the second embodiment, the beam shape is
adjusted by devising the incidence plane of the attachment
lens 700. Alternatively, a lens may separately be added to the
optical system to adjust the beam shape. However, in this
case, the number of components is increased and the cost is
increased.

[0139] Inthe first and second embodiments, the lens actua-
tor 300 is used as the beam scanning means. Alternatively, as
shown in FIG. 14, the beam may be scanned using a polygon
mirror 900.

[0140] The polygon mirror 900 has a polygon in cross
section, and a mirror surface is formed in each side face. The
polygon mirror 900 is rotated in the arrow directionin FI1G. 14
by receiving drive force from a motor (not shown). When the
side face is irradiated with the laser beam while polygon
mirror 900 is rotated, the incidence angle of the laser beam is
changed with respect to each side face. Therefore, the laser
beam (irradiation laser beam) reflected by the side face of the
polygon mirror 900 is scanned in the rotational direction of
the polygon mirror 900.

[0141] In the polygon mirror 900, an inclination angle of
each mirror surface is adjusted with respect to a rotating axis
such that a scanning orbit in the horizontal direction is shifted
by one block in the vertical direction on the target region by
transferring the incidence position of the laser beam from one
mirror surface to the next mirror surface. In the case where the
scanning orbit in the horizontal direction is located at the
lowermost block position, when the incidence position of the
laser beam is transferred to the next mirror surface, the incli-
nation angle of the mirror surface is adjusted such that the
scanning orbit in the horizontal direction is shifted from the
lowermost block position to the uppermost block position.
[0142] The inclination angle of the mirror surface of the
polygon mirror 900 is adjusted as described above, which
allows the irradiation laser beam to scan the irradiation block
shown in FIG. 13B step by step from the left to the right
according to the rotation of the polygon mirror 900.

[0143] In this case, the beam splitter 400, the servo lens
500, and a PSD 600 can be neglected in FIG. 1. This is
because the irradiation position of the laser beam can be
detected from the rotational position of the polygon mirror
900. In the configuration of FIG. 14, the rotational position of
the polygon mirror 900 is sequentially detected based on a
rotating synchronous signal delivered from the motor, and the
irradiation position of the irradiation laser beam is detected
on the target region based on the detected rotational position.
[0144] Additionally, the laser beam can be scanned using a
galvano-mirror and a MEMS (Micro Electro Mechanical
Systems) mirror.

[0145] The beam irradiation apparatus of the invention can
be applied to a variety of uses in addition to the in-vehicle use.
The beam irradiation apparatus of the invention can be
mounted on an image reading apparatus and the like in addi-
tion to the obstacle detection apparatus and the distance
detection apparatus.

[0146] Various changes and modifications of the above
embodiments could appropriately be made without departing
from the technical thought shown in claims.

1. (canceled)
2. (canceled)
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3. A beam irradiation apparatus comprising:

a light source which emits a laser beam;

a first lens which displaces a traveling direction of the laser
beam emitted from the light source toward a direction
perpendicular to an optical axis of the laser beam;

an actuator which drives the first lens; and

a second lens which imparts wide angle action to a swing
angle of the optical axis, the swing angle being gener-
ated by displacing the first lens, wherein

the second lens includes a first lens surface which imparts
the wide angle action to the laser beam and a second lens
surface which adjusts an outline of the laser beam.

4. A beam irradiation apparatus comprising:

a light source which emits a laser beam;

a first lens which displaces a traveling direction of the laser
beam emitted from the light source toward a direction
perpendicular to an optical axis of the laser beam;

an actuator which drives the first lens; and

a second lens which imparts wide angle action to a swing
angle of the optical axis, the swing angle being gener-
ated by displacing the first lens, wherein

the first lens converges the laser beam smaller than a par-
allel beam,

the second lens diffuses the laser beam converged by the
first lens into a substantially parallel state, and

the second lens includes a first lens surface which imparts
the wide angle action to the laser beam and a second lens
surface which adjusts an outline of the laser beam.

5. (canceled)

6. The beam irradiation apparatus according to claim 3,

wherein

the second lens surface imparts optical action to the laser
beam such that the outline of the laser beam becomes
thin in one direction.

7. The beam irradiation apparatus according to claim 4,

wherein

the second lens surface imparts optical action to the laser
beam such that the outline of the laser beam becomes
thin in one direction.

8. (canceled)

9. A beam irradiation apparatus comprising:

a light source which emits a laser beam;

a scanning unit which scans the laser beam emitted from
the light source within a target region; and

an optical member which deforms an outline of the laser
beam in the target region so as to become thin in one
direction.

10. The beam irradiation apparatus according to claim 9,

wherein

the scanning unit scans the laser beam in at least a horizon-
tal direction within the target region, and

the optical member deforms the outline of the laser beam in
the target region so as to become thin in a direction
perpendicular to the horizontal direction.

11. The beam irradiation apparatus according to claim 9,

wherein

the scanning unit includes a first lens and an actuator, the
laser beam being incident from the light source to the
first lens, and the actuator driving the first lens in a
direction perpendicular to an optical axis of the laser
beam, and

the optical member includes a second lens which imparts
focus action to the laser beam, a focal distance in the
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horizontal direction being different from a focal distance
in the vertical direction in the focus action.

12. The beam irradiation apparatus according to claim 9,
wherein

the scanning unit includes a first lens and a polygon mirror,
the laser beam being incident from the light source to the
first lens, and the polygon mirror having a plurality of
reflection planes which reflect the laser beam incident
from the first lens, and

the optical member includes a second lens which imparts
focus action to the laser beam, a focal distance in the

horizontal direction being different from a focal distance
in the vertical direction in the focus action.
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13. The beam irradiation apparatus according to claim 11
or 12, wherein

the second lens includes a first and a second passing sur-
faces through which the laser beam passes, and the first
passing surface is formed ina lens surface which imparts
the focus action to the laser beam, the focal distance in
the horizontal direction being different from the focal
distance in the vertical direction in the focus action.

14. The beam irradiation apparatus according to claim 13,

wherein

the lens surface is a toroidal surface in which the focal
distance in the horizontal direction is different from the
focal distance in the vertical direction.
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