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57 ABSTRACT

A beam irradiation device includes a light source for emitting
laser light, an actuator for displacing a propagation direction
of the laser light in accordance with a control signal, and a
scan expansion lens for increasing a swing width of the laser
light to be generated by the actuator. A spectral element is
arranged between the actuator and the scan expansion lens.
The spectral element allows at least a part of the laser light to
be incident from the actuator to transmit, and reflects at least
apart of the laser light to be incident from the scan expansion
lens. The beam irradiation device further includes a light
detector for receiving the laser light to be reflected on the
spectral element to output an electrical signal.

5 Claims, 7 Drawing Sheets
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1
BEAM IRRADIATION DEVICE AND LASER
RADAR

This application claims priority under 35 U.S.C. Section
119 of Japanese Patent Application No. 2007-225288 filed
Aug. 31, 2007, entitled “BEAM IRRADIATION DEVICE
AND LASER RADAR”.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a laser radar for irradiating
laser light to a target area, and detecting a state of the target
area based on a receiving state of the laser light reflected on
the target area, and a beam irradiation device suitably used in
the laser radar.

2. Description of the Related Art

In recent years, a laser radar for detecting a state of a target
area by irradiating laser light to the target area has been
loaded in a family automobile or the like. The laser radar is
configured in such a manner that the target area is scanned
with laser light to detect an obstacle (i.e. an object to be
detected) based on a receiving state of reflection light from
the target area, and at the same time, the distance to the
obstacle is measured.

A beam irradiation device is incorporated in the laser radar
as an arrangement for scanning the target area with laser light.
The target area is scanned with laser light by using e.g. a lens
actuator. A scan lens is two-dimensionally driven in a direc-
tion perpendicular to the optical axis of laser light in accor-
dance with driving of the lens actuator. Thereby, the target
area is scanned with laser light.

The beam irradiation device may have an arrangement for
increasing the swing width of laser light. For instance, an
attachment lens (i.e. a scan expansion lens) is provided in
front of the scan lens. The attachment lens is advantageous in
further increasing the swing width of laser light to be gener-
ated by displacing the scan lens.

The laser radar has a detector for receiving reflection light
from the target area. The detector receives reflection light
from an obstacle at a scan position of laser light, and outputs
a detection signal. The detector may be constituted of e.g. a
light receiving element such as a photodiode, and a condenser
lens for condensing reflection light from the obstacle and
guiding the condensed light to the light receiving element.
The condenser lens has a lens surface facing the target area in
forward direction to receive the reflection light from the target
area.

In the case where the attachment lens is provided with the
detector, the attachment lens and the condenser lens are
arranged at such a position that the directions of the lens
diameter thereof are aligned with each other.

The condenser lens has a significantly large size in the lens
diameter direction thereof to receive reflection light from the
target area in a wide range. As a result, the detector has a large
size in the lens diameter direction of the condenser lens. On
the other hand, a light receiving surface of the light receiving
element for receiving reflection light from the target area has
aconsiderably small size, as compared with the lens diameter
of'the condenser lens. As aresult, alarge dead space is defined
between the condenser lens and the light receiving element.
The dead space obstructs miniaturization of the beam irradia-
tion device and the laser radar. Also, since the lens diameter of
the condenser lens is large, there is a problem that the size of
the beam irradiation device and the laser radar may be
increased in the lens diameter direction.
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In the laser radar, generally, the distance to the obstacle is
measured based on a difference in time between an emission
timing of laser light, and a receiving timing of reflection light
from the target area. In this arrangement, the time difference
is measured based on an output timing of a signal (i.e. an
emission signal) indicating emission of laser light, and an
output timing of a signal (i.e. a light receiving signal) indi-
cating receiving of reflection light from the light receiving
element. In this arrangement, there is a time lag between the
point of time when the emission signal is outputted, and the
point of time when the laser light is actually emitted. There is
also a time lag between the point of time when the light
receiving signal is outputted in response to actual receiving of
reflection light, and the point of time when the light receiving
signal reaches a processing circuit.

Inacircuit system, generally, a time difference between the
emission timing of laser light, and the light receiving timing
of reflection light from the target area is measured, taking the
aforementioned time lags into consideration. However, there
is a case that the aforementioned time lags include an error
resulting from a characteristic of a laser light source or a light
receiving element. If the error is included, the time difference
between the emission timing of laser light, and the light
receiving timing of reflection light from the target area may
include an error. As a result, measurement precision of the
distance to the obstacle may be lowered.

SUMMARY OF THE INVENTION

An object of the invention is to satisfactorily reduce the
outer dimensions of a device. Another object of the invention
is to enhance measurement precision of the distance to an
obstacle.

A beam irradiation device according to a first aspect of the
invention includes: a light source for emitting laser light; an
actuator for displacing a propagation direction of the laser
light in accordance with a control signal; a scan expansion
lens for increasing a swing width of the laser light to be
generated by the actuator; a spectral element, arranged
between the actuator and the scan expansion lens, for allow-
ing at least a part of the laser light to be incident from the
actuator to transmit, and reflecting at least a part of the laser
light to be incident from the scan expansion lens in a side
direction; and a light detector for receiving the laser light to be
reflected on the spectral element to output an electrical signal.

In the beam irradiation device according to the first aspect,
the laser light reflected on the target area is guided to the light
detector via the scan expansion lens and the spectral element.
This arrangement eliminates the need of additionally provid-
ing a condenser lens for condensing laser light reflected on the
target area. Thereby, this arrangement enables to avoid a
drawback that the size of the beam irradiation device may be
increased due to provision of a condenser lens.

A laser radar according to a second aspect of the invention
includes: a beam irradiation device for irradiating laser light
to a target area; and a detection circuit for detecting a state of
the target area based on a receiving state of the laser light to be
reflected on the target area. In this arrangement, the beam
irradiation device includes: a light source for emitting the
laser light; an actuator for displacing a propagation direction
of the laser light in accordance with a control signal; a scan
expansion lens for increasing a swing width of the laser light
to be generated by the actuator; a spectral element, arranged
between the actuator and the scan expansion lens, for allow-
ing at least a part of the laser light to be incident from the
actuator to transmit, and reflecting at least a part of the laser
light to be incident from the scan expansion lens in a side
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direction; and a light detector for receiving the laser light to be
reflected on the spectral element to output an electrical signal.
The detection circuit detects the state of the target area based
on the electrical signal to be outputted from the light detector.

The laser radar according to the second aspect has substan-
tially the same effect as the beam irradiation device according
to the first aspect.

In the laser radar according to the second aspect, prefer-
ably, the detection circuit may calculate a distance to an
object to be detected, based on an output timing of the elec-
trical signal being derived from the laser light to be reflected
on a lens surface of the scan expansion lens, and an output
timing of the electrical signal being derived from the laser
light to be reflected on the object to be detected in the target
area.

In the above arrangement, a time difference between the
two output timings of the electrical signals accurately corre-
sponds to a time required for the laser light to reciprocate
between the scan expansion lens and the object to be detected
(i.e. an obstacle). Thus, the detection circuit enables to cal-
culate the distance to the object to be detected (i.e. the
obstacle) with high precision.

BRIEF DESCRIPTION OF THE DRAWINGS

These and other objects, and novel features of the present
invention will become more apparent upon reading the fol-
lowing detailed description along with the accompanying
drawings.

FIG.1is a diagram showing an arrangement of a laser radar
in accordance with a first embodiment of the invention.

FIG. 2 is a diagram showing an arrangement of a lens
actuator in the first embodiment.

FIG. 3 is a diagram for illustrating a scan trajectory by
detection laser light in the first embodiment.

FIGS. 4A and 4B are diagrams showing a relation between
an emission timing of detection laser light to be emitted from
a semiconductor laser, and an output of a PD amplifier in the
first embodiment.

FIG. 5 is a diagram showing an arrangement of a laser radar
in accordance with a second embodiment of the invention.

FIG. 6 is a diagram showing an arrangement of a laser radar
in accordance with a third embodiment of the invention.

FIG. 7A is an exploded perspective view showing an
arrangement of a mirror actuator in the third embodiment.

FIG. 7B is a perspective view of the mirror actuator in an
assembled state in the third embodiment.

The drawings are provided mainly for describing the
present invention, and do not limit the scope of the present
invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

In the following, embodiments of the invention are
described referring to the drawings.

First Embodiment

FIG.1is a diagram showing an arrangement of a laser radar
in accordance with the first embodiment of the invention.

As shown in FIG. 1, the laser radar includes a DSP (Digital
Signal Processor) 10, a DAC (Digital Analog Converter) 20,
alaser driver 30, an actuator driver 40, a beam irradiation head
50 (corresponding to a beam irradiation device of the inven-
tion), a signal processor 60, an ADC (Analog Digital Con-
verter) 70, and a PD amplifier 80.
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4

The DSP 10 outputs, to the DAC 20, a signal (i.e. an
emission signal) for emitting laser light, and a signal (i.e. a
drive signal) for driving an actuator. The DAC 20 converts the
emission signal inputted from the DSP 10 into an analog
signal for outputting the analog signal to the laser driver 30,
and converts the drive signal inputted from the DSP 10 into an
analog signal for outputting the analog signal to the actuator
driver 40.

The laser driver 30 drives a semiconductor laser 51 pro-
vided in the beam irradiation header 50 in accordance with the
emission signal inputted from the DAC 20. The actuator
driver 40 drives a lens actuator 54 provided in the beam
irradiation head 50 in accordance with the drive signal input-
ted from the DAC 20.

The beam irradiation head 50 includes the semiconductor
laser 51, an aperture 52, a scan lens 53, the lens actuator 54, a
beam splitter 55, a scan expansion lens 56, a light transmitting
window 57, a position detector 58, an a reflection light detec-
tor 59.

The semiconductor laser 51 houses two laser elements in a
can-type package. The two laser elements emit laser light of
wavelengths different from each other. One of the laser light
is laser light (hereinafter, called as “detection laser light™) for
use indetecting an obstacle. The other of the laser light is laser
light (hereinafter, called as “servo laser light”) for use in servo
control. The detection laser light is high output laser light
having a wavelength of e.g. 780 nm, and is intermittently
emitted every predetermined timing (e.g. every 10 psec.) in
scanning a target area. The servo laser light is low output laser
light having a wavelength of'e.g. 660 nm, and is continuously
emitted in scanning the target area.

The laser light (i.e. detection laser light/servo laser light)
emitted from the semiconductor laser 51 is shaped into an
intended shape by the aperture 52 before incidence onto the
scan lens 53. The scan lens 53 is constituted of a convex lens
having two aspheric surfaces, and the scan lens 53 forms the
laser beam incident from the semiconductor laser 51 into the
convergent light smaller than a parallel light. The scan lens 53
is supported on the lens actuator 54 in such a manner that the
scan lens 53 is displaceable in the Y-Z plane direction in FIG.
1. An emission angle of laser light transmitted through the
scan lens 53 is changed in the Y-Z plane direction in accor-
dance with driving of the lens actuator 54. The lens actuator
54 adjusts the scan lens 53 in such a manner that the center
axis of the scan lens 53 is aligned with the center axis of the
scan expansion lens 56, when the scan lens 53 in a neutral
position.

FIG. 2 is an exploded perspective view showing an
arrangement of the lens actuator 54.

Referring to FIG. 2, the scan lens 53 is mounted in an
opening formed in a center of a lens holder 541. Coils are
mounted on four side walls of the lens holder 541, respec-
tively. A middle protruding portion of a yoke 542 is received
in each coil in a corresponding direction shown in FIG. 2.
Opposing extensions of each yoke 542 are fitted in respective
corresponding recesses of a pair of yoke fixing members 544.
Also, magnets 543 are fixedly mounted on the respective
corresponding yoke fixing members 544 in such a manner
that the extensions of the yokes 542 are sandwiched between
the magnets 543 and the yoke fixing members 544. In this
state, the yoke fixing members 544 and the magnets 543 are
mounted on a base member (not shown).

A pair of wire fixing members 545 are also mounted on the
base member. The lens holder 541 is resiliently supported on
the wire fixing members 545 via wires 546. Holes are formed
in four corners of the lens holder 541 for passing the wires 546
therethrough. After each wire 546 is passed in the correspond-
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ing hole of the lens holder 541, both ends of each wire 546 are
fixed to the wire fixing members 545. Thereby, the lens holder
541 is resiliently supported on the wire fixing members 545
via the wires 546.

In driving the scan lens 53, a drive signal is supplied from
the actuator driver 40 to each coil mounted on the lens holder
541. Thereby, an electromagnetic driving force is generated,
and the scan lens 53 is two-dimensionally driven along with
the lens holder 541.

Referring back to FIG. 1, the beam splitter 55 is constituted
of a parallel plate-like glass plate, and is arranged at such a
position that an incident surface 554 of the beam splitter 55 on
the side of the scan lens 53 is tilted at about 45 degrees with
respect to the optical axis of the scan lens 53. Parts of the
detection laser light and the servo laser light transmitted
through the scan lens 53 are respectively reflected on the
beam splitter 55, and the remainders thereof are respectively
transmitted through the beam splitter 55.

The detection laser light and the servo laser light reflected
on the beam splitter 55 are propagated in the direction shown
by the one-dotted chain line shown in FIG. 1, and guided to
the position detector 58. The position detector 58 includes a
servo lens (i.e. a condenser lens) 58a, a band-pass filter 585,
and a PSD (Position Sensitive Detector) 58¢. The detection
laser light and the servo laser light reflected on the beam
splitter 55 are converged on the servo lens 58a before inci-
dence onto the band-pass filter 585. In the incidence onto the
band-pass filter 585, the detection laser light is cut off by the
band-pass filter 584, and only the servo laser light is trans-
mitted through the band-pass filter 585. As a result of this
operation, merely the servo laser light is converged on the
PSD 58c.

The PSD 58c¢ has a light receiving surface in parallel to the
X-Y plane in FIG. 1. The PSD 58¢ outputs an electric current
depending on a convergence position of servo laser light on
the light receiving surface. In the embodiment, the conver-
gence position of servo laser light on the light receiving
surface of the PSD 58¢, and the irradiation position of detec-
tion laser light to be irradiated to the target area have one-to-
one correspondence. Accordingly, the electric current to be
outputted from the PSD 58¢ corresponds to the irradiation
position of detection laser light on the target area.

The detection laser light and the servo laser light transmit-
ted through the beam splitter 55 are incident onto the scan
expansion lens 56. The scan expansion lens 56 is constituted
of a concave lens for imparting, to laser light, a function of
spreading the laser light in all the circumferential directions,
and converts the detection laser light and the servo laser light
to be incident onto the scan expansion lens 56 as convergence
light into parallel light.

By the function of the scan expansion lens 56, the swing
width of detection laser light after being transmitted through
the scan expansion lens 56 is increased, as compared with the
swing width of detection laser light before being transmitted
through the scan expansion lens 56. As described in the
embodiment, in the case where the detection laser light after
being transmitted through the scan expansion lens 56 is par-
allel light, assuming that the beam diameter (to be obtained by
a ray tracking method) of detection laser light after being
transmitted through the scan expansion lens 56 is 1/n of the
beam diameter (to be obtained by the ray tracking method) of
detection laser light to be incident onto the scan lens 53,
scanning with use of the detection laser light can be per-
formed at the swing width (n) times as large as the swing
width to be used in an arrangement that the scan expansion
lens 56 is not provided. The details on the function of the scan
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6
expansion lens 56 is recited in Japanese Unexamined Patent
Publication No. 2007-108155.

The detection laser light and the servo laser light that have
been converted into parallel light by the scan expansion lens
56 are irradiated to a target area through the light transmitting
window 57, as shown by the solid line in FIG. 1. It should be
noted that the servo laser light has a low output, and accord-
ingly does not perform a function of detecting an obstacle.
Therefore, substantially the detection laser light is irradiated
to the target area, as laser light for detecting an obstacle.

In the case where an obstacle is in the target area, the
detection laser light is reflected on the obstacle. The detection
laser light (hereinafter, called as “TG detection laser light”)
reflected on the obstacle is transmitted through the light trans-
mitting window 57, and then, as shown by the long broken
line in FIG. 1, guided to the beam splitter 55 by the scan
expansion lens 56. An incident surface 555 (i.e. a surface
opposite to the incident surface 55a) of the beam splitter 55 on
the side of the scan expansion lens 56 is tilted at about 45
degrees with respect to the optical axis of the scan expansion
lens 56. Accordingly, a part of the TG detection laser light is
reflected on the incident surface 555, and guided to the reflec-
tion light detector 59.

The reflection light detector 59 includes a condenser lens
59a, an IR pass filter 595, and a PD (Photo Detector) 59¢. The
PD 59c¢ is constituted of e.g. an avalanche photodiode (APD).
The condenser lens 594 is arranged at a position opposing to
the incident surface 556 of the beam splitter 55. The con-
denser lens 59a is arranged at such a position that the lens
diameter direction thereof'is aligned in X-Y direction in FIG.
1.

The TG detection laser light reflected on the beam splitter
55 is condensed on the condenser lens 59a, and irradiated to
the PD 59¢ via the IR pass filter 595. In the incidence onto the
PD 59c, the IR pass filter 595 cuts off light of a wavelength
other than the wavelength of the detection laser light e.g.
visible light or servo laser light.

The incident lens surface 564 of the scan expansion lens 56
on the side of the beam splitter 55 is not applied with an
antireflective coat. Accordingly, parts of the detection laser
light and the servo laser light to be incident onto the incident
lens surface 56a on the side of the beam splitter 55 are
reflected on the incident lens surface 564, and returned to the
beam splitter 55.

Similarly to the TG detection laser light reflected on the
obstacle, out of the reflection light, a part of the detection laser
light (hereinafter, called as “RE detection laser light”)
reflected on the incident lens surface 56a is reflected on the
beam splitter 55, and guided to the reflection light detector 59.
Specifically, the TG detection laser light reflected on the
beam splitter 55 is condensed on the condenser lens 594, and
irradiated to the PD 59¢ via the IR pass filter 595. On the other
hand, the servo laser light reflected on the incident lens sur-
face 56a is cut off by the IR pass filter 595. As a result, out of
the RE detection laser light and the servo laser light reflected
on the incident lens surface 564, only the RE detection laser
light is irradiated to the PD 59c¢.

Upon irradiation of the TG detection laser light or the RE
detection laser light on the PD 59¢, as described above, the PD
59¢ outputs, to the PD amplifier 80, a signal in accordance
with a light receiving amount of the TG detection laser light
orthe RE detection laser light. The PD amplifier 80 amplifies
the signal from the PD 59¢, and outputs the amplified signal
to the ADC 70. The ADC 70 converts the signal from the PD
amplifier 80 into a digital signal, and outputs the digital signal
to the DSP 10.
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A current signal outputted from the PSD 58c¢ is inputted to
the signal processor 60. The signal processor 60 generates a
voltage signal representing a convergence position of servo
laser light, based on the current signal inputted from the PSD
58¢, and outputs the voltage signal to the ADC 70. The ADC
70 converts the inputted voltage signal into a digital signal,
and outputs the digital signal to the DSP 10.

As will be described later, the DSP 10 detects whether an
obstacle is in the target area, based on the signal inputted from
the PD 59c¢ via the PD amplifier 80 and the ADC 70, and also
calculates a distance to the obstacle.

The DSP 10 also detects the convergence position of servo
laser light on the light receiving surface ofthe PSD 58¢, based
onthe voltage signal inputted from the signal processor 60 via
the ADC 70, and detects the irradiation position of detection
laser light in the target area, based on the convergence posi-
tion. The DSP 10 outputs a control signal to the actuator driver
40 via the DAC 20 based on the detection result, and performs
servo control in such a manner that the irradiation position of
detection laser light follows a predetermined scan trajectory.

When the operation of scanning the target area is per-
formed, the lens actuator 54 is driven by the actuator driver 40
to move the scan lens 53 in horizontal and vertical directions
within the Y-Z plane. Concurrently, the DSP 10 outputs an
emission signal indicating emission of detection laser light
every predetermined timing. In response to the output of the
emission signal, the semiconductor laser 51 is driven, and the
detection laser light is irradiated to the target area as described
above. Thereby, as shown in FIG. 3, the detection laser light
is moved along a predetermined scan trajectory, thereby scan-
ning the target area.

During the scan operation, servo laser light is continuously
emitted from the semiconductor laser 51. As described above,
the servo laser light is guided to the PSD 58¢, and the PSD
58¢, in turn, outputs a signal (i.e. a current signal) depending
on the irradiation position of detection laser light. Then, in the
case where it is judged that the detection laser light does not
follow the scan trajectory based on the current signal, the lens
actuator 54 is driven to return the detection laser light to the
scan trajectory based on the control signal from the DSP 10.

FIGS. 4A and 4B are diagrams showing a relation between
an emission timing of detection laser light from the semicon-
ductor laser 51, and an output of the PD amplifier 80.

As shown in FIG. 4A, the semiconductor laser 51 emits
detection laser light e.g. every 10 usec. As described above, a
part of the detection laser light emitted from the semiconduc-
tor laser 51 is reflected on the incident lens surface 564 of the
scan expansion lens 56, and the reflection light (i.e. RE detec-
tion laser light) is received on the PD 59¢. As a result of this
operation, as shown in FIG. 4B, substantially instantaneously
after emission of detection laser light, the PD amplifier 80
outputs a light receiving signal (hereinafter, called as a “ref-
erence signal”) indicating receiving of RE detection laser
light. Specifically, the reference signal is outputted every
about 10 psec. in synchronism with the emission timing of
detection laser light.

In the case where there is no obstacle at the irradiation
position of detection laser light in the target area, there is no
reflection light (i.e. TG detection laser light) from the
obstacle, and no TG detection laser light is received on the PD
59¢. In this condition, as shown by a period corresponding to
the indication “no obstacle detected” in FIG. 4(a), there is no
likelihood that the PD amplifier 80 may output a light receiv-
ing signal following the reference signal.

On the other hand, in the case where there is an obstacle at
the irradiation position of detection laser light, reflection light
(i.e. TG detection laser light) from the obstacle is generated,
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and the TG detection laser light is received on the PD 59c¢. In
this condition, as shown by a period corresponding to the
indication “obstacle detected” in FIG. 4(a), the PD amplifier
80 outputs a light receiving signal (hereinafter, called as an
“obstacle detection signal”) indicating receiving of TG detec-
tion laser light, following the output of the reference signal.

DSP 10 monitors the output signal from the PD amplifier
80, which has been digitized by the ADC 70, during the scan
operation. Specifically, the DSP 10 detects a peak value of the
output signal, compares the peak value with a predetermined
threshold value, and detects output timings of the reference
signal and the obstacle detection signal. More specifically, the
DSP 10 defines a timing at which the peak value has exceeded
the predetermined threshold value for the first time, after the
emission timing of detection laser light, as an output timing of
a reference signal. Then, the DSP 10 opens a predetermined
detection window (e.g. 2 usec.) from the emission timing of
detection laser light, and defines a timing at which a peak
value over the threshold value is detected within the detection
window, as an output timing of an obstacle detection signal.
On the other hand, if a peak value over the threshold value is
not detected within the detection window, the DSP 10 judges
that an obstacle detection signal has not been outputted.
Defining the threshold value and the detection window as
described above enables to prevent erroneous detection of a
reference signal and an obstacle detection signal resulting
from a noise signal.

If an obstacle detection signal is detected following a ref-
erence signal, the DSP 10 judges that an obstacle is in the
intended irradiation position of detection laser light. On the
other hand, if an obstacle detection signal is not detected
following a reference signal, the DSP 10 judges that no
obstacle is in the intended irradiation position of detection
laser light.

Further, in the case where the DSP 10 judges that an
obstacle is in the irradiation position of detection laser light,
the DSP 10 calculates a time difference (t) between the output
timing of a reference signal, and the output timing of an
obstacle detection signal, which have been detected as
described above. The time difference (t) may be defined as a
time required for the detection laser light to reciprocate
between the scan expansion lens 56 and the obstacle.

After calculating the time difference (t), the DSP 10 cal-
culates a distance to the obstacle based on the following
equation:

distance to obstacle=(time difference #/2)xpropagation
velocity of detection laser light

In the embodiment, the propagation velocity of detection
laser light is set to e.g. about 300,000 km/sec (a velocity in
vacuum).

In the embodiment, detection laser light reflected on the
target area is guided to the reflection light detector 59 via the
scan expansion lens 56 and the beam splitter 55. This arrange-
ment eliminates the need of additionally providing a con-
denser lens for condensing detection laser light reflected on
the target area. Thereby, this arrangement enables to avoid a
drawback that the size of the beam irradiation head 50 may be
increased due to provision of a condenser lens.

In the embodiment, detection laser light incident onto the
scan expansion lens 56, out of the detection laser light
reflected on the target area, is guided to the reflection light
detector 59. As described above, the scan expansion lens 56
has a function of increasing the swing width of laser light to
be generated by the lens actuator 54. Accordingly, this
arrangement enables to guide the detection laser light
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reflected on the target area to the reflection light detector 59 in
a wide swing width range without unduly increasing the lens
diameter.

Also, in the embodiment, the distance to the obstacle is
obtained based on the time difference between the detection
timing of detection laser light reflected on the surface of the
scan expansion lens 56, and the detection timing of detection
laser light reflected on the obstacle. This is advantageous in
enhancing detection precision of the distance to the obstacle.

In other words, in the embodiment, the distance to the
obstacle is calculated based on the output timing of an elec-
trical signal being derived from detection laser light (i.e. RE
detection laser light) reflected on the incident lens surface 56a
of the scan expansion lens 56, and the output timing of an
electrical signal being derived from detection laser light (i.e.
TG detection laser light) reflected on the obstacle in the target
area. In the arrangement, since both of the electrical signals
are outputted from the PD 59¢ as a common element, time
lags involved in the electrical signals, and errors resulting
from the time lags are made substantially uniform. Accord-
ingly, there is no likelihood that an error based on a circuit
delay or a like drawback may be included in the time difter-
ence between the output timings of the electrical signals.
Thus, the time difference accurately corresponds to a time
required for the detection laser light to reciprocate between
the scan expansion lens 56 and the obstacle. Therefore, the
embodiment is advantageous in enhancing detection preci-
sion of the distance to an obstacle, and increasing precision of
a laser radar.

Second Embodiment

FIG. 5 is a diagram showing an arrangement of a laser radar
in accordance with the second embodiment of the invention.
In the second embodiment, a polarized beam splitter 550 is
provided in place of the beam splitter 55 in the first embodi-
ment. Also, a quarter wavelength plate 551 is provided
between the polarized beam splitter 550 and a scan expansion
lens 56. Further, a laser element, provided in a semiconductor
laser 510, for emitting detection laser light has such a con-
figuration that the polarization direction of detection laser
light is aligned with the polarization direction of P-polarized
light with respect to the polarized beam splitter 550. Like-
wise, a laser element, provided in the semiconductor laser
510, for emitting servo laser light has such a configuration
that the polarization direction of servo laser light is aligned
with the polarization direction of S-polarized light with
respect to the polarized beam splitter 550. The other arrange-
ment of the second embodiment is substantially the same as
the corresponding arrangement of the first embodiment.
The detection laser light emitted from the semiconductor
laser 510 has a polarization direction aligned with the polar-
ization direction of P-polarized light. Accordingly, the detec-
tion laser light is transmitted through the polarized beam
splitter 550 and incident onto the quarter wavelength plate
551, without reflecting on the polarized beam splitter 550.
The polarization direction of detection laser light is then
aligned with the polarization direction of circularly polarized
light by the quarter wavelength plate 551. A part of the cir-
cularly polarized light is reflected on an incident lens surface
56a of the scan expansion lens 56, and the remainder thereof
is irradiated to a target area via the scan expansion lens 56.
In the case where there is an obstacle at an intended irra-
diation position of detection laser light, reflection light (i.e.
TG detection laser light) from the obstacle is incident onto the
quarter wavelength plate 551 via the scan expansion lens 56.
The TG detection laser light has the polarization direction
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aligned with the polarization direction of S-polarized light by
the quarter wavelength plate 551, and then, is incident onto
the polarized beam splitter 550. The TG detection laser light
as S-polarized light is reflected on the polarized beam splitter
550 without transmitting through the polarized beam splitter
550, and received on a PD 59c.

The reflection light (i.e. RE detection laser light) from the
incident lens surface 56a of the scan expansion lens 56 is
incident onto the quarter wavelength plate 551, whereby the
polarization direction of RE detection laser light is aligned
with the polarization direction of S-polarized light. Then, the
RE detection laser light is reflected on the polarized beam
splitter 550 without transmitting through the polarized beam
splitter 550, and received on the PD 59c¢.

Servo laser light emitted from the semiconductor laser 510
has the polarization direction aligned with the polarization
direction of S-polarized light. Accordingly, the servo laser
light is reflected on the polarized beam splitter 550 without
transmitting through the polarized beam splitter 550, and
received on a PSD 58c.

In the first embodiment, detection laser light to be emitted
from the semiconductor laser 51 is attenuated by reflection of
a part of the detection laser light on the beam splitter 55, as the
light is directed to the target area along the optical path.
Further, the detection laser light is attenuated by transmission
of'a part of the detection laser light through the beam splitter
55, as the light is directed from the target area to the PD 59c¢
along the optical path. Accordingly, a significantly large
power loss may be generated before the light is received on
the PD 59c.

Unlike the first embodiment, in the arrangement of the
second embodiment, the power loss of detection laser light
can be suppressed by the function of the polarized beam
splitter 550 and the quarter wavelength plate 551. This is
advantageous in efficiently guiding the detection laser light to
the target area and the PD 59¢. Thereby, an obstacle can be
detected with high precision, without unduly increasing the
emission power of detection laser light by the semiconductor
laser 510, and a detectable distance range with respect to the
obstacle can be increased.

Third Embodiment

In the first embodiment and the second embodiment, the
lens actuator 54 is used as displacing means for displacing the
propagation direction of laser light. Alternatively, an actuator
other than the lens actuator may be used to displace the
propagation direction of laser light.

FIG. 6is a diagram showing an arrangement of a laser radar
in accordance with the third embodiment of the invention,
wherein a mirror actuator 100 is used as an actuator.

In the embodiment, the mirror actuator 100 is arranged at a
position posterior to a condenser lens 530. Laser light (i.e.
detection laser light/servo laser light) emitted from a semi-
conductor laser 51 is reflected on a reflection mirror 531, and
incident onto the condenser lens 530. Then, after convergence
on the condenser lens 530, the laser light is incident onto a
mirror 113 of the mirror actuator 100. The mirror actuator 100
is constructed in such a manner that the mirror 113 is pivotally
rotated in horizontal direction and vertical direction. Thereby,
a target area is scanned with detection laser light in two-
dimensional directions. The arrangement of the third embodi-
ment posterior to the mirror actuator 100 is substantially the
same as the corresponding arrangement of the first embodi-
ment. Alternatively, the corresponding arrangement of the
second embodiment may be applied.
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FIGS. 7A and 7B are diagrams showing an arrangement of
the mirror actuator 100 in the third embodiment. FIG. 7A is an
exploded perspective view of the mirror actuator 100, and
FIG. 7B is a perspective view of the mirror actuator 100 in an
assembled state.

Referring to FIG. 7A, the reference numeral 110 indicates
a mirror holder. Pivot pins 111 and 112 each having a disen-
gagement stopper at an end thereof are formed on the mirror
holder 110. The mirror 113 having a flat plate like shape is
mounted on a front wall of the mirror holder 110, and a coil
114 is mounted on a rear wall thereof. The coil 114 is wound
in a rectangular shape.

The reference numeral 120 indicates a movable frame for
pivotally supporting the mirror holder 110 about axes of the
pivot pins 111 and 112. An opening 121 for housing the
mirror holder 110 is formed in the movable frame 120. Also,
grooves 122 and 123 are formed in the movable frame 120 to
be engageable with the pivot pins 111 and 112 of the mirror
holder 110, respectively. Further, pivot pins 124 and 125 each
having a disengagement stopper at an end thereof are formed
on side walls of the movable frame 120, respectively. A coil
126 is mounted on a rear wall of the movable frame 120. The
coil 126 is wound in a rectangular shape.

The reference numeral 130 indicates a fixed frame for
pivotally supporting the movable frame 120 about axes of the
pivot pins 124 and 125. A recess 131 for housing the movable
frame 120 is formed in the fixed frame 130. Also, grooves 132
and 133 are formed in the fixed frame 130 to be engageable
with the pivot pins 124 and 125 of the movable frame 120,
respectively. Further, a set of magnets 134 for generating a
magnetic field in the coil 114, and two sets of magnets 135 for
generating a magnetic field in the coil 126 are mounted on
inner walls of the fixed frame 130. The groove 132, 133
extends from a corresponding front wall of the fixed frame
130 to a position corresponding to a clearance between the
upper and lower magnets of the corresponding magnet set
135.

The reference numeral 140 each indicates a pressing plate
for pressing against the pivot pin 111, 112 of the mirror holder
110 in forward direction to prevent the pivot pin 111, 112
from disengaging from the groove 122, 123 of the movable
frame 120. The reference numeral 141 each indicates a press-
ing plate for pressing against the pivot pins 124, 125 of the
movable frame 120 in forward direction to prevent the pivot
pin 124, 125 from disengaging from the groove 132, 133 of
the fixed frame 130.

In assembling the mirror actuator 100, the pivot pins 111
and 112 of the mirror holder 110 are engaged in the grooves
122 and 123 of the movable frame 120, respectively. Then, the
pressing plates 140 are mounted on front walls of the movable
frame 120 in such a manner as to press against front surfaces
of the pivot pins 111 and 112 of the mirror holder 110,
respectively. Thereby, the mirror holder 110 is pivotally sup-
ported on the movable frame 120.

After the mirror holder 110 is mounted on the movable
frame 120 as described above, the pivot pins 124 and 125 of
the movable frame 120 are engaged in the grooves 132 and
133 of the fixed frame 130, respectively. Then, the pressing
plates 141 are mounted on the front walls of the fixed frame
130 in such a manner as to press against front surfaces of the
pivot pins 124 and 125 of the movable frame 120, respec-
tively. Thereby, the movable frame 120 is pivotally mounted
on the fixed frame 130. Thus, assembling of the mirror actua-
tor 100 is completed.

As the mirror holder 110 is pivotally rotated with respect to
the movable frame 120 about the axes of the pivot pins 111
and 112, the mirror 113 is pivotally rotated. Also, as the
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movable frame 120 is pivotally rotated with respect to the
fixed frame 130 about the axes of the pivot pins 124 and 125,
the mirror holder 110 is pivotally rotated, whereby the mirror
113 is integrally and pivotally rotated with the mirror holder
110. As described above, the mirror holder 110 is pivotally
supported in two-dimensional directions by the pivot pins 111
and 112, and the pivot pins 124 and 125 perpendicularly
intersecting with each other, and as the mirror holder 110 is
pivotally rotated, the mirror 113 is pivotally rotated in the
two-dimensional directions.

In the assembled state shown in FIG. 7B, the positions and
the polarities of the two magnets 134 are controlled in such a
manner that a force for pivotally rotating the mirror holder
110 about the axes of the pivot pins 111 and 112 is generated
by application of an electric current to the coil 114. Accord-
ingly, when an electric current is applied to the coil 114, the
mirror holder 110 is pivotally rotated about the axes of the
pivot pins and 112 by an electromagnetic driving force to be
generated in the coil 114.

Likewise, in the assembled state shown in FIG. 7B, the
positions and the polarities of the two magnets 135 on each
side of the fixed frame 130 are controlled in such a manner
that a force for pivotally rotating the movable frame 120 about
the axes of the pivot pins 124 and 125 is generated by appli-
cation of an electric current to the coil 126. In this arrange-
ment, when an electric current is applied to the coil 126, the
movable frame is pivotally rotated about the axes of the pivot
pins 124 and 125 by an electromagnetic driving force to be
generated in the coil 126.

As described above, the mirror holder 110 and the movable
frame 120 are pivotally rotated about the axes of the pivot pins
111 and 112, and the axes of the pivot pins 124 and 125 by
application of an electric current to the coil 114 and the coil
126, respectively. Thereby, the mirror 113 is integrally and
pivotally rotated with the mirror holder 110 in two-dimen-
sional directions.

An actuator driver 40 is configured in such a manner that an
electric current is applied to the coil 114 and the coil 126 for
driving the mirror actuator 100.

The embodiments of the present invention have been
described as above, but the present invention is not limited to
the foregoing embodiments. The embodiments of the present
invention may be changed or modified in various ways other
than the above. Also, the embodiments of the present inven-
tion may be changed or modified according to needs, as far as
such changes and modifications do not depart from the scope
of the present invention hereinafter defined.

What is claimed is:

1. A laser radar, comprising:

a beam irradiation device for irradiating laser light to a

target area; and

a detection circuit for detecting a state of the target area

based on a receiving state of the laser light reflected on

the target area,

the beam irradiation device including:

a light source for emitting the laser light;

an actuator for displacing a propagation direction of the
laser light in accordance with a control signal;

a scan expansion lens for increasing a swing width of the
laser light generated by the actuator;

a spectral element, arranged between the actuator and
the scan expansion lens, for allowing at least a part of
the laser light incident from the actuator to transmit,
and reflecting at least a part of the laser light incident
from the scan expansion lens in a side direction; and

a light detector for receiving the reflected incident from
the scan expansion lens and the laser light reflected
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from the target area and further reflected on the spec-
tral element to output an electrical signal, wherein
the detection circuit detects the state of the target area
based on the electrical signal outputted from the light
detector.
2. The laser radar according to claim 1, wherein
the actuator includes a lens element for allowing incidence
of the laser light emitted from the light source, the lens
element being displaceable in a direction perpendicular
to an optical axis of the laser light.
3. The laser radar according to claim 1, wherein
the actuator includes a mirror element for allowing inci-
dence of'the laser light emitted from the light source, the
mirror element being pivotally rotatable about an axis
perpendicular to an optical axis of the laser light.
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4. The laser radar according to claim 1, wherein

a polarized beam splitter is arranged as the spectral ele-
ment, and

a quarter wavelength plate is arranged between the polar-
ized beam splitter and the scan expansion lens.

5. The laser radar according to claim 1, wherein

the detection circuit calculates a distance to an object in the
target area, based on an output timing of the electrical
signal being derived from the laser light reflected on a
lens surface of the scan expansion lens, and an output
timing of the electrical signal being derived from the
laser light reflected on the object in the target area.



