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[Document name] Specification
[Title of invention] Object detection device, sensing device, and mobile device
[Technical field]

[0001]

The present invention relates to an object detection device, a sensing device, and a mobile device, and
more specifically, the present invention relates to an object detection device that detects the presence or
absence of an object, a distance to the object, and the like, a sensing device that includes the object detection
device, and a mobile device that includes the object detection device or the sensing device.

[Background Technology]
[0002]

In recent years, the development of optical scanning devices to detect the presence or absence of an object
and the distance to that object has been thriving (see, for example, Patent Literatures 1-4).

[Summary of Invention]
[Problems to be Solved by the Invention]
[0003]

However, with conventional optical scanning devices, it is difficult to achieve a high resolution detection
range in the sub-scanning direction while suppressing the prolonged detection data acquisition time and the
shorter detection distance.

[Means for Solving the Problems]
[0004]

The present invention is an object detection device comprising a light source comprising a plurality of
light emitting units arranged in a sub-scanning direction, a deflector deflecting light from the light source,
and a light detector comprising a plurality of light receiving units arranged in a sub-scanning direction
corresponding to the plurality of light emitting units, wherein the light detector receives light deflected in the
deflector and reflected in the object.

[Effects of the Present Invention]
[0005]

According to the present invention, high resolution of the detection range in the sub-scanning direction
can be achieved while suppressing the prolonged detection data acquisition time and the shorter detection
distance.

[Brief Description of Drawings]

[0006]

[FIG. 1] A diagram showing a schematic configuration of a laser radar according to one embodiment.
[FIG. 2] FIG. 2(A) is a diagram for explaining the light projecting optical system and the synchronization
system; FIG. 2(B) is a diagram for explaining the light receiving optical system, and FIG. 2(C) is a
diagram schematically showing an optical path of light from the LDA to the reflecting mirror and an
optical path of light from the reflecting mirror to the PDA.
[FIG. 3] A diagram showing the configuration of the PD output detection unit.
[FIG. 4] Fig. 4(A) is a diagram showing the LD1 (one light emitting area) of the LDA and the irradiation
range of the LD1, and Fig. 4(B) is a diagram showing the PD1 (one light receiving area) of the PDA and
the light receiving range of the PD1.
[FIG. 5] A diagram showing the relationship between the irradiation range of each LD of LDA and the
light receiving range of each PD of PDA.
[FIG. 6] A schematic diagram of resolution.
[FIG. 7] FIGS. 7(A) and 7(B) are diagrams showing the relationship between the irradiation range of
each LD of the LDA and the light receiving range of each PD of the PDA in Comparative Examples 1
and 2, respectively.
[FIG. 8] A diagram showing the correspondence relationship between each LD of an LDA, each PD of
a PDA, and four amplifiers in one embodiment.
[FIG. 9] A timing chart showing the emission timing of each LD group in LDA
[FIG. 10] A diagram showing a correspondence relationship between each LD of the LDA, each PD of
the PDA, and four amplifiers in Modification 1.
[FIG. 11] A diagram showing a correspondence relationship between each LD of the LDA, each PD of
the PDA, and four amplifiers in Modification 2.

4



[FIG. 12] A diagram for explaining a light-emitting portion of Modification 3.
[FIG. 13] A diagram showing a correspondence relationship between each LD of the LDA, each PD of
the PDA, and four amplifiers in Modification 4.
[FIG. 14] A diagram showing a correspondence relationship between each LD of the LDA, each PD of
the PDA, and four amplifiers in Modification 5.
[FIG. 15] A diagram to describe a sensing device.
[Detailed Description of the Embodiments]
[0007]

A laser radar 100 as a scanning object detection device according to an embodiment of the present

invention will be described below with reference to FIGS. 1 to 9.
[0008]
FIG. 1 shows a schematic configuration of the laser radar 100 in a block diagram.
[0009]

As an example, the laser radar 100 is mounted on an automobile as a moving object, emits light, detects
the presence of an object (for example, a preceding vehicle, a stopped vehicle, an obstacle, a pedestrian, etc.),
and reflects light (scattered light) from the object. It is a scanning laser radar that receives light and detects
the distance to the object. The laser radar 100 is powered by, for example, an automobile battery (storage
battery). Hereinafter, the automobile equipped with the laser radar 100 is also referred to as a "mobile device".
[0010]

As shown in FIG. 1, the laser radar 100 includes an LDA (laser diode array) including a plurality of LDs
(laser diodes), an LD drive device 12, a light emitting optical system 20, a light receiving optical system 30,
a detection system 40, a synchronization system 50, and the like as a light source.

[0011]

Each LD of the LDA is driven by the LD drive device 12 and emits the laser light. The LD drive device
12 illuminates (emits light) the LD when the LD drive signal (rectangular pulse signal) is input from the ECU
(engine control unit) of the automobile. The LDA will be described in detail later.

[0012]

FIG. 2(A) schematically shows the light emitting optical system 20, the synchronization system 50. FIG.
2(B) schematically shows the Light receiving optical system 30. In the following, an XYZ three-dimensional
orthogonal coordinate system with the Z-axis direction as shown in Fig. 2(A) and the like is described as
appropriate.

[0013]

The light emitting optical system 20 include a coupling lens 22 disposed on the optical path of light from
the LDA, a reflecting mirror 24 disposed on the optical path of light through the coupling lens 22, and a
rotating mirror 26 as a deflector disposed on the optical path of light reflected by the reflecting mirror 24, as
shown in FIG. 2(A). Here, in order to miniaturize the device, a reflecting mirror 24 is provided on the optical
path between the coupling lens 22 and the rotating mirror 26 to fold the optical path.

[0014]

Thus, the light emitted from the LDA is shaped into the light of a predetermined beam profile by the
coupling lens 22, reflected by the reflecting mirror 24, and deflected about the Z-axis by the rotating mirror
26.

(0015)

The light deflected by the rotating mirror 26 to a predetermined deflection range about the Z-axis is emitted

from the light emitting optical system 20, i.e., from the laser radar 100.
[0016]

The rotating mirror 26 has a reflecting surface and reflects (deflects) light from the reflecting mirror 24
while rotating about the axis of rotation (Z axis), so that the light scans the effective scanning region
corresponding to the deflection range above in a major scanning direction that is horizontal in one axial
direction (here, the Y-axis direction). As can be seen from FIG. 2(A), the rotating mirror 26 has two reflecting
surfaces (two surfaces facing each other), but it is not limited to this and may have one surface or three or
more surfaces. It is also possible to provide at least two reflecting surfaces and arrange them at different
angles with respect to the rotation axis of the rotating mirror, thereby switching the area to be scanned and
detected in the Z-axis direction.



[0017]

That is, a light scanning device 200 that includes an LDA, an LD drive device 12, and an light emitting
optical system 20 to optically scan an effective scanning region in the main scanning direction is configured
(see FIG. 1). A direction (here, Z-axis direction) orthogonal to the main scanning direction (here, Y-axis
direction) is called a “sub-scanning direction”.

[0018]

As shown in FIG. 2B, the light receiving optical system 30 includes a rotating mirror 26 that reflects the
light projected from the light emitting optical system 20 and reflected (scattered) by an object within the
effective scanning region, a reflecting mirror 24 that reflects light from the rotating mirror 26, and an imaging
optical system arranged on the optical path of the light from the reflecting mirror 24 to form an image of the
light on a PDA (photodiode array) as a photodetector, which will be described later.

[0019]

FIG. 2(C) shows a partially omitted path from the LDA to the reflecting mirror 24 and a partially omitted

path from the reflecting mirror 24 to the PDA.
[0020]

As can be seen from FIG. 2(C), the light emitting optical system 20 and the light receiving optical system
30 are arranged so as to overlap in the Z-axis direction, and the rotating mirror 26 and the reflecting mirror
24 are common to the light emitting optical system 20 and the light receiving optical system 30 . As a result,
the relative positional deviation between the irradiation range of the LDA and the light receiving range of the
PDA on the object can be reduced, and stable object detection can be realized.

[0021]

As shown in FIGS. 2(B) and 1, the detection system 40 includes a PDA that receives reflected (scattered)
light from objects projected from the light emitting optical system 20 and in the effective scanning region via
the light receiving optical system 30, a PD output detection unit 44 that detects the light receiving signal of
the PDA, and a distance calculation unit 46 that calculates the distance from the time difference between the
rising timing of the LD drive signal and the detection timing of the light receiving signal at the PD output
detection unit 44.

[0022]

Thus, the light projected from the light emitting optical system 20 and reflected (scattered) by the object
is directed to the imaging optical system via the rotating mirror 26, the reflecting mirror 24, and is converged
on the PDA by the imaging optical system (see FIG. 2(B)). In FIG. 2(B), a reflecting mirror 24 is provided
between the rotating mirror 26 and the imaging optical system to fold the optical path to minimize the device.
Here, the imaging optical system is composed of two lenses, but it may be composed of one lens, three or
more lenses, or a mirror optical system. The PDA will be described in more detail later.

[0023]

As shown in FIGS. 2(A) and 1, the synchronization system 50 includes a synchronization lens 52 disposed
on a path of light emitted from LDA and reflected by reflecting mirror 24 via coupling lens 22, deflected by
rotating mirror 26 and reflected by reflecting mirror 24, a synchronization detection PD 54 disposed on a
path of light via synchronization lens 52, and a PD output detection unit 56 for detecting the output signal of
the synchronization detection PD 54.

[0024]

More specifically, the reflecting mirror 24 is arranged on the upstream side of the deflection range in the
rotational direction of the rotating mirror 26, and the light deflected by the rotating mirror 26 to the upstream
side of the deflection range is incident. The light deflected by the rotating mirror 26 and reflected by the
reflecting mirror 24 is then incident on the PD 54 for synchronization detection via the synchronization lens
52.

[0025]

The reflecting mirror 24 may be disposed downstream of the rotational direction of the rotating mirror 26
relative to the deflection range described above. The synchronization system 50 may then be disposed on
the optical path of light deflected by rotating mirror 26 and reflected by reflecting mirror 24.

[0026]



The rotation of the rotating mirror 26 outputs a signal from the synchronization detection PD 54 whenever
light reflected at each reflecting surface of the rotating mirror 26 is received by the synchronization detection
PD 54. That is, the signal will be output periodically from the PD 54 for synchronization detection.

[0027]

By illuminating the PD 54 for synchronization detection with light from the rotating mirror 26 in this
manner, it is possible to obtain the rotation timing of the rotating mirror 26 based on the timing of light
reception at the PD 54 for synchronization detection.

[0028]

Therefore, the effective scanning region can be optically scanned in the main scanning direction by
illuminating the LDA in a pulse after a predetermined time period has elapsed since synchronous lighting of
the LDA. That is, the effective scanning region can be optically scanned in the main scanning direction by
pulse-lighting the LDA before and after the timing when the PD 54 for synchronization detection is
illuminated with light.

[0029]

Here, in addition to the above-described PD (Photo Diode), it is possible to use the APD (avalanche
photodiode) and the Geiger mode APD SPAD (Single Photon Avalanche Diode) as light receiving elements
used for time measurement (distance measurement) and synchronization detection. APDs and SPADs are
highly sensitive to PDs, so they are advantageous in terms of detection accuracy and detection distance.

[0030]

FIG. 3 shows an example of a PD output detection unit in the detection system 40 and the synchronization
system 50. There are two operations in the PD output detection unit: signal amplification of the received
signal and timing detection of the received signal. Signal amplification of the received signal is amplified
using an amplifier such as an amplifier, and timing detection of the received signal is detected using a
comparator such as a comparator to detect the rising waveform part that is equal to or greater than the constant
output (threshold level) of the received signal from the PD. That is, the PD output detection unit can obtain
a light receiving signal as a binary logical signal using a comparator.

[0031]

The PD output detection unit 56 outputs the synchronization signal to the ECU when it detects the received

signal (rising waveform portion) of the PD 54 for synchronization detection.
[0032]

The ECU generates an LD drive signal based on the synchronization signal from the PD output detection

unit 56 and outputs the LD drive signal to the LD drive device 12 and the distance calculation unit 46.
[0033]

When the PD output detection unit 44 detects the light receiving signal (rising waveform portion) of the

PDA, it outputs the detection signal (rectangular pulse signal) to the distance calculation unit 46.
[0034]

The distance calculation unit 46 estimates the time difference between the rise timing of the LD drive
signal from the ECU and the rise timing of the detection signal from the PD output detection unit 44 as the
round-trip distance to the object, and calculates the distance to the object by converting the time difference
to the distance, and outputs the calculation result to the ECU as the measurement signal.

[0035]

Based on the measurement signal from the distance calculation unit 46, the ECU performs, for example,
speed control of the vehicle. Speed control of automobiles includes, for example, automatic brakes
(autobrakes).

[0036]

Here, the LD drive signal output from the ECU to the LD drive device 12 comprises a bias luminescence
control signal consisting of a single drive pulse for synchronous lighting and a pulse luminescence control
signal consisting of a plurality of drive pulses for activating a delayed pulse for the bias luminescence control
signal. The bias emission control signal and the pulse emission control signal are generated by the ECU
based on the synchronization signal.

[0037]



The bias emission control signal is input to the LD drive device 12 while the rotation timing of the rotating

mirror 26 matches the timing of light incident on the PD 54 for synchronization detection.
[0038]

The pulsed luminescence control signal is input to the LD drive device 12 between the scanning start

timing and the scanning end timing of the effective scanning region when the rotating mirror 26 is rotated.
[0039]

The LD drive device 12 causes the LD to be synchronously lit (bias lit) when the bias luminescence control
signal is the input. At this time, the light emitted from the LD follows the path of the coupling lens 22, the
reflecting mirror 24, the rotating mirror 26, the reflecting mirror 24, and the synchronous lens 52 and collects
light on the PD 54 for synchronous detection.

[0040]

Further, the LD drive device 12 causes the LD to pulse light (pulse light emission) when a pulse light
emission control signal is the input. At this time, the light emitted from the LD follows the path of the
coupling lens 22, the reflecting mirror 24, and the rotating mirror 26 and is projected towards the effective
scanning region.

[0041]

FIG. 4 (A) shows the emission region of each LD of the LDA and the irradiation range of light exiting
from LD1, which is one LD of the LDA, via the light emitting optical system 20. As can be seen from FIG.
4A, the LDA is a vertically stacked laser array in which a plurality of (for example, 16) LDs 1 to 16 are
arranged in the Z-axis direction (sub-scanning direction). Here, the LDs 1 to 16 are arranged in ascending
order in the -Z direction.

[0042]

FIG. 4 (B) shows the light receiving region of each PD of the PDA and the light receiving range of the
reflected light from the object at PD1, which is a PD of the PDA. As can be seen from FIG. 4B, the PDA is
a vertically stacked photodiode array in which a plurality (for example, 4) of PDs 1 to 4 are arranged in the
Z-axis direction (sub-scanning direction). Here, the PDs 1 to 4 are arranged in ascending order in the -Z
direction.

[0043]

FIG. 5 shows the relationship between the irradiation range of each LD of the LDA and the light receiving

range of each PD of the PDA.
[0044]

The irradiation range of LDs 1 to 4 corresponds to the irradiation range of PD1, the irradiation range of
PDs 5 to 8 corresponds to the irradiation ion range of PD2, the irradiation range of LDs 9 to 12 corresponds
to the irradiation range of PD3, and the irradiation range of LDs 13 to 16 corresponds to the irradiation range
of PDA4.

[0045]

That is, the light from LDs 1 to 4 is received by PD1, the light from LDs 5 to 8 is received by PD2, the

light from LDs 9 to 12 is received by PD3, and the light from LDs 13 to 16 is received by PDA4.
[0046]

The irradiation range for each PD is set to be slightly greater than the irradiation range for the
corresponding four LDs. This enables efficient irradiation of the light-receiving range, which allows for an
increase in the amount of light in the light-receiving range, and an increase in the detection accuracy and
detection distance. In addition, even if the irradiation range and light-receiving range deviate slightly within
the manufacturing error range, it is possible to prevent the detection accuracy and the detection distance from
being reduced.

[0047]

FIG. 6 shows a schematic diagram representing the resolution of the detection range. The smallest square
in FIG. 6 shows the range (resolution) that can be measured in a single measurement. The resolution in the
main scanning direction (Y-axis direction) can be improved by narrowing the emission time interval of the
laser light. The resolution of the sub-scanning direction (Z-axis direction) perpendicular to the main scanning
direction can be improved by increasing the number of LDs or increasing the number of PDs. In FIG. 6, the
resolution in the sub-scanning direction is 16.

[0048]



Here, the laser radar in Comparative Example 1 shown in FIG. 7 (A) has an LDA comprising of 16 LDs
(LDs 1' to 16" arranged one-dimensionally in the sub-scanning direction, and one PD (PD1'") corresponding
to the 16 LDs. That is, the irradiation areas of the 16 LDs correspond to the light receiving range of the one
PD.

[0049]

In the Comparative Example 1, since there is one PD, it is necessary to switch the 16 LDs in a time division
manner, as it takes time to acquire the data. That is, in order to acquire the data for one row as shown in FIG.
7 (A), it is necessary to turn on the LD 16 times in a time division manner, and it is necessary to increase the
detection data acquisition time.

[0050]

The laser radar of Comparative Example 2 shown in FIG. 7 (B) also includes a PDA comprising of one
LD (LD1") and 16 PDs (PDs 1'to 16") arranged in an one-dimensional array consistent with the sub-scanning
direction corresponding to the one LD.

[0051]

In Comparative Example 2, a single LD is configured to cover the 16 PDs, and assuming that the amount
of light per LD is the same as in Comparative Example 1, the amount of light per PD is small (1/16 that of
Comparative Example 1), and the detection distance is forced to be shorter.

[0052]

Therefore, in the present embodiment, both the LD and PD are arrayed as described above.

[0053]

In the laser radar 100 of this embodiment, as shown in FIG. 8, the four LDs denoted A in the LDA
(collectively referred to as LD group A) are electrically connected (for example, wired) and illuminated
simultaneously. The four LDs (collectively referred to as LD group B) denoted by B in the LDA are
electrically connected and illuminated simultaneously. The four LDs (collectively referred to as LD group
C) denoted by C in the LDA are electrically connected and illuminated simultaneously. The four LDs
(collectively referred to as LD group D) denoted by D in the LDA are electrically connected and illuminated
simultaneously.

[0054]

The LD closest to the +Z side of LD group A is the LD1 above, the LD closest to the +Z side of LD group
B is the PD2 above, the LD closest to the +Z side of LD group C is the LD3 above, and the LD closest to the
+Z side of LD group D is the LD4 above.

[0055]

The second LD on the +Z side of LD group A is the LD5 above, the second LD on the +Z side of LD
group B is the LD6 above, the second LD on the +Z side of LD group C is the LD7 above, and second LD
on the +Z side of LD group D is the LD8 above.

[0056]

The third LD on the +Z side of LD group A is the LD9 above, the third LD on the +Z side of LD group B
is the LD10 above, the third LD on the +Z side of LD group C is the LD11 above, and the third LD on the
+Z side of LD group D is the LD12 above.

[0057]

The fourth LD on the +Z side of LD group A is the LD13 above, the fourth LD on the +Z side of LD group
B is the LD14 above, the fourth LD on the +Z side of LD group C is the LD15 above, and the fourth LD on
the +Z side of LD group D is the LD16 above. Further, in FIG. 8, the four PDs labeled 1 to 4 in the PDA are
PDs 1 to 4, respectively.

[0058]

Therefore, the four LDs 1 to 4 of the LD group A are simultaneously illuminated, and the reflected light
is detected with the corresponding PDs 1 to 4. Next, the four LDs 5 to 8 of the LD group B are simultaneously
illuminated, and the reflected light is detected with the corresponding PDs 1 to 4. The four LDs 9 to 12 of
the LD group C are then simultaneously illuminated, and the reflected light is detected with the corresponding
PDs 1 to 4. Finally, the four LDs 13 to 16 of the LD group D are simultaneously illuminated, and the reflected
light is detected with the corresponding PDs 1 to 4. The PDs 1 to 4 are individually connected to the amplifiers
1 to 4. The amplifiers 1-4 are connected to the PD output detection unit 44. Thus, the output signal of each
PD is amplified with the corresponding amplifier and sent to the PD output detection unit 44.



[0059]

As a result, the distance data corresponding to one row in the sub-scanning direction in FIG. 6 can be
obtained. In this way, by arraying both the LDs and PDs, and setting the configuration to illuminate for each
part of the LDA (LD group consisting of a plurality of LDs), which is an array-like light source, and by
temporally switching the LD group to be lit (differentiating the lighting timing between the LD groups), the
number of switching times can be reduced compared to the case where the LD to be lit is switched temporally
(differentiating the lighting timing for each LD), and as a result, high resolution distance data can be obtained
in the sub-scanning direction at a high speed.

[0060]

Here, distance data of 16 resolutions can be obtained in the sub-scanning direction with 4 switches for the

16 LDs and the 4 PDs.
[0061]

In addition, when scanning and detecting by the laser radar 100, such a lighting operation in the sub-
scanning direction can be performed at each scanning position in the main scanning direction (at the position
corresponding to each drive pulse of the pulse emission control signal), and high-resolution distance data can
be obtained at a high speed in the sub-scanning direction at the scanning position.

[0062]

As a result, high resolution distance data can be obtained in the main scanning direction and the sub-
scanning direction as shown in FIG. 6 (where higher resolution distance data is obtained in the sub-scanning
direction).

[0063]

By the way, as shown in FIG. 8, if the plurality of LDs are electrically connected and illuminated
simultaneously, it is preferable to electrically connect non-adjacent LDs. As a result, it is possible to suppress
the local generation of heat, and to avoid adverse effects due to heat generation such as a decrease in the
amount of light emitted from the LD.

[0064]

Moreover, it is preferable that the plurality of electrically connected LDs individually correspond to the
plurality of different PDs. In other words, as shown in FIG. 8, when connecting multiple LDs electrically, it
is preferable to electrically connect LDs corresponding to different PDs, and by doing so, a single
simultaneous light emission (simultaneous lighting) can obtain distance data at different multiple positions
in the sub-scanning direction at approximately the same time, which not only improves the efficiency of data
acquisition, but also makes effective use of the light and increases the detection distance.

[0065]

In addition, as shown in the timing chart in FIG. 9, the four LD groups A to D are illuminated periodically
(here at the same lighting cycle T) and at different timings among the LD groups, and the switching time of
the LD group to be illuminated, that is, the time from the end of the lighting of the LD group to the start of
lighting of the next LD group, is set to be shorter than the lighting cycle T. This allows for a longer light
cycle T of each LD group, which can not only suppress the generation of heat and suppress the decrease in
the amount of light emitted by each LD of the LD group, but it can also increase the life of the LD.

[0066]

The laser radar 100 of the present embodiment described above includes an LDA (light source) comprising
of a plurality of LDs (light emitting units) arranged in the Z-axis direction (direction corresponding to the
sub-scanning direction), a rotating mirror 26 (deflector) that deflects the light from the LDA, and a plurality
of PDs (light receiving units) arranged in a direction corresponding to the sub-scanning direction
corresponding to the plurality of LDs, and a PDA (light detector) that receives the light deflected by the
rotating mirror 26 and reflected by the object.

[0067]

In this case, since multiple LDs and multiple PDs correspond to each other in the sub-scanning direction,
it is possible to obtain high-resolution detection data (distance data) in the sub-scanning direction at high
speed while suppressing the decrease in the amount of light received by each PD.

[0068]

As a result, it is possible to improve the resolution of the detection range in the sub-scanning direction
while suppressing the lengthening of the detection data acquisition time and shortening of the detection
distance.
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[0069]

In addition, since the number of LDs and the number of PDs are different, the positioning of corresponding
LDs and PDs is made easier than when the LDs and the PDs are made to correspond one-to-one.

[0070]

In addition, the plurality of LDs also includes a plurality of (for example, four) LD groups (light emitting
unit groups) consisting of at least two (for example, four) electrically connected LDs.

[0071]

In this case, since at least two LDs of each LD group can be simultaneously illuminated, the number of
lighting switching times can be reduced, and the detection data acquisition time can be shortened.

[0072]

Also, at least two (for example, four) electrically connected LDs are not adjacent to each other, so thermal
and electrical crosstalk can be reduced.

[0073]

Moreover, at least two (for example, four) electrically connected LDs are compatible with the different
PDs, so detection data acquisition can be made more efficient.

[0074]

In addition, at least two (for example, four) electrically connected LDs are illuminated simultaneously,
and the timing of irradiation varies between the LD groups, so further efficiency of the acquisition of
detection data can be achieved.

[0075]

Furthermore, since each LD group is illuminated with a light cycle T (predetermined cycle), and the time
from the end of lighting of one LD group out of the plurality of LD groups to the start of lighting of the next
LD group is shorter than the lighting period T, the total detection data acquisition time can be shortened.
Also, the lighting cycle T of each LD group can be set for a long time, and heat generation of the LDs in the
LD group can be suppressed, and a decrease in the amount of emitted light due to heat generation of the LDs
can also be suppressed.

[0076]

Further, the mobile device includes a laser radar 100 and an automobile (mobile body) equipped with the
laser radar 100, so it has excellent safety.

[0077]

Moreover, as shown in Modification 1 of FIG. 10, both the LDs and PDs are arranged in an array, and the
number of PDs is greater than that of the LDs.

[0078]

The LDA of Modification 1 is a vertical stack laser array in which the multiple (for example, four) LDs 1
to 4 are stacked in the Z-axis direction (vertical direction). Here, the LDs 1 to 4 are arranged in ascending
order in the -Z direction.

[0079]

The PDA of Modification 1 is a vertical stacked photodiode array in which the multiple (for example, 16)
PDs 1 to 16 are stacked in the Z-axis direction (vertical direction). Here, the PDs 1 to 16 are arranged in
ascending order in the -Z direction. In FIG. 10, the LDs labeled as 1 to 4 in the LDA correspond to LDs 1 to
4 respectively.

[0080]

The irradiation range of LD1 corresponds to the receivable range of PDs 1 to 4, the irradiation range of
LD2 corresponds to the receivable range of PDs 5 to 8, the irradiation range of LD3 corresponds to the
receivable range of PDs 9 to 12, and the irradiation range of LD4 corresponds to the receivable range of PDs
13 to 16.

[0081]

That is, the light from LD1 is received by PDs 1 to 4, the light from PD2 is received by PDs 5 to 8, the
light from LD3 is received by PDs 9 to 12, and the light from LD4 is received by PDs 13 to 16.

[0082]
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The irradiation range for each LD is set to be slightly greater than the light receiving range for the
corresponding four PDs. As a result, since the light-receivable range can be efficiently irradiated, the amount
of received light in the light-receivable range can be increased, and the detection accuracy and detection
distance can be improved. In addition, even if the irradiation range and light-receiving range deviate slightly
within the manufacturing error range, it is possible to prevent the detection accuracy and the detection
distance from being reduced.

[0083]

In the laser radar 100 of Modification 1, the four PDs denoted as A of the PDAs (collectively referred to
as PD group A) are electrically connected, and the four PDs are each connected to the amplifier A, as shown
in FIG. 10. The four PDs labeled B (collectively referred to as PD group B) are electrically connected, and
each of the four PDs is connected to the amplifier B. The four PDs labeled C (collectively referred to as PD
group C) are electrically connected, and each of the four PDs is connected to the amplifier C. The four PDs
labeled D (collectively referred to as PD group D) are electrically connected, and each of the four PDs is
connected to the amplifier D.

[0084]

The PD closest to the +Z side of PD group A is the PD1 above, the PD closest to the +Z side of PD group
B is the PD2 above, the PD closest to the +Z side of PD group C is the PD3 above, and the PD closest to the
+Z side of PD group D is the PD4 above.

[0085]

The second PD on the +Z side of PD group A is the PD5 above, the second PD on the +Z side of PD group
B is the PD6 above, the second PD on the +Z side of PD group C is the PD7 above, and the second PD on
the +Z side of PD group D is the PD8 above.

[0086]

The third PD on the +Z side of PD group A is the PD9 above, the third PD on the +Z side of PD group B
is the PD10 above, the third PD on the +Z side of PD group C is the PD11 above, and the third PD on the +Z
side of PD group D is the PD12 above.

[0087]

The fourth PD on the +Z side of PD group A is the PD13 above, the fourth PD on the +Z side of PD group
B is the PD14 above, the fourth PD on the +Z side of PD group C is the PD15 above, and the fourth PD on
the +Z side of PD group D is the PD16 above.

[0088]

Therefore, LD1 is turned on, and reflected light is detected by the corresponding PDs 1 to 4. Next, PD2 is
turned on, and the reflected light is detected by the corresponding PDs 5 to 8. Next, LD3 is turned on, and
the reflected light is detected by the corresponding PDs 9 to 12. Then, LD4 is turned on, and the reflected
light is detected by the corresponding PDs 13 to 16. The four PDs 1, 5, 9, and 13 of the PD group A are
connected to the amplifier A, respectively. The four PDs 2, 6, 10, and 14 in the PD group B are connected to
the amplifier B, respectively. The four PDs 3, 7, 11, and 15 in the PD group C are connected to the amplifier
C, respectively. Each amplifier is connected to the PD output detection unit 44. Thus, the output signal of
each PD is amplified with the corresponding amplifier and sent to the PD output detection unit 44.

[0089]

Although it is possible to provide one amplifier for each of the plurality of PDs, it is preferable to connect
the plurality of PDs to one amplifier as described above. In this case, the number of amplifiers can be reduced.
Furthermore, the number of amplifiers can be reduced by adopting a configuration in which the PDs
connected to the amplifiers are controlled by switches, but the configuration shown in FIG. 10 is more
preferable because it does not require switches and therefore has higher operational reliability.

[0090]

As a result, the distance data corresponding to one row in the sub-scanning direction in FIG. 6 can be
obtained. Thus, in Modification 1, by arraying both the LDs and PDs with more PDs than LDs (in this case,
four times as many), and temporally switching a small number of LDs to be lit (differentiating the lighting
timing among the LDs), high-resolution distance data in the sub-scanning direction can be acquired quickly
with at a lower switching rate.
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[0091]

Here, distance data with 16 resolutions in the sub-scanning direction can be obtained by switching 4 times
for 4 LDs and 16 PDs.

[0092]

In addition, when scanning and detecting by the laser radar, such a lighting operation in the sub-scanning
direction can be performed at each scanning position in the main scanning direction (at the position
corresponding to each drive pulse of the pulse emission control signal), and high-resolution distance data can
be obtained at a high speed in the sub-scanning direction at the scanning position.

[0093]

As a result, high resolution distance data can be obtained in the main scanning direction and the sub-
scanning direction as shown in FIG. 6 (where higher resolution distance data is obtained in the sub-scanning
direction).

[0094]

By the way, as shown in FIG. 10, it is preferable to electrically connect non-adjacent PDs even when a
plurality of PDs are electrically connected. In this case, thermal and electrical crosstalk can be reduced.

[0095]

Moreover, it is preferable that the plurality of electrically connected PDs individually correspond to the
plurality of different LDs. In this case, the efficiency is good when one LD is turned on and detected by a
plurality of different PDs. For example, light from LD1 can be used to receive the light from any of the PDs
1 to 4, and it becomes possible to reduce the amount of light that irradiates areas other than the PDs 1 to 4,
which makes effective use of the light and, as a result, extends the detection distance. Also, a small number
of amplifiers can be effectively used.

[0096]

In other words, as shown in FIG. 10, when electrically connecting a plurality of PDs, it is preferable to
electrically connect the PDs corresponding to the different LDs, and by doing so, a single light emission can
acquire distance data at different multiple positions in the sub-scanning direction at approximately the same
time, which not only improves the efficiency of data acquisition, but also makes effective use of the light and
increases the detection distance.

[0097]

The four LDs 1 to 4 are illuminated periodically at each LD (here, with the same light cycle T) and at
different times between the LDs, and the time between the end of the LD to be illuminated and the start of
the next LD is set to be shorter than the light cycle. This allows for a longer lighting cycle for each LD, which
not only suppresses the generation of heat and suppresses the decrease in the amount of light emitted by the
LD, but also increases the life of the LD.

[0098]

In the laser radar of Modification 1 described above, the plurality of PDs includes a plurality of PD groups
(for example, four) consisting of at least two (for example, four) electrically connected PDs, thus streamlining
detection data acquisition.

[0099]

Also, at least two (for example, four) electrically connected PDs are not adjacent to each other, which
reduces thermal and electrical crosstalk.

[0100]

Moreover, at least two (for example, four) electrically connected PDs correspond to the different PDs, so
detection data acquisition can be made more efficient.

[0101]

In addition, each LD has a different lighting timing, so it is possible to streamline the acquisition of
detection data.

[0102]

Furthermore, since each LD is illuminated with a light cycle T (predetermined cycle), and the time from
the end of lighting of one LD out of the plurality of LDs to the start of lighting of the next LD is shorter than
the lighting period T, the total detection data acquisition time can be shortened.

[0103]

In this case, it is possible to shorten the total detection data acquisition time. In addition, the lighting cycle
T of each LD can be set for a long time, and the heat generation of the LD can be suppressed, and a decrease
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in the amount of light emitted due to heat generation of the LD can also be suppressed.

[0104]

Moreover, if an amplifier is further provided that is commonly connected to at least two (for example,
four) electrically connected PDs, the number of amplifiers can be reduced, resulting in a smaller size and a
lower cost.

[0105]

The device can also further include a number of amplifiers that are less than the number of PDs, and if at
least two of the plurality of PDs (for example, four) are connected to the same amplifier at different times,
the number of amplifiers can be reduced, resulting in a smaller size and a lower cost.

[0106]

In addition, as shown in Modification 2 shown of FIG. 11, LDs 1 to 4 may be electrically connected and
lit simultaneously, and LDs 5 to 8 may be electrically connected and lit simultaneously, and LDs 9 to 12 may
be electrically connected and lit simultaneously, and LDs 13 to 16 may be electrically connected and lit
simultaneously. During scanning and detection, the four LD groups, each consisting of four electrically
connected LDs, can be turned on at different times. Here, the number of LDs and PDs is the same, and the
LDs and PDs correspond one-to-one. In Modification 2, the connection relationship between each PD of the
PDA and each amplifier is the same as in Modification 1 shown in FIG. 10.

[0107]

Alternatively to each LD, a light emitting portion comprising a number of micro-emitting bodies arranged
in an array may also be used, as in Modification 3 shown in FIG. 12. In this case, the output of the light-
emitting portion can be increased by increasing the number of micro-emitting bodies, so that the output can
be easily increased and the detection distance can also be increased.

[0108]

The number of amplifiers can also be set to a smaller number than the number of PDs, such as in
Modification 4 and 5 shown in FIGS. 13 and 14, and the amplifiers connected to the PD can be configured
to switch temporally using, for example, a relay. As a result, the number of amplifiers can be reduced, and
the size and cost of the circuit can also be reduced.

[0109]

In Modification 4 shown in FIG. 13, the correspondence between the LD of the LDA and the PD of the
PDA is the same as in Modification 1 shown in FIG. 10. In Modification 4, the four PDs (PD1, PD5, PD9,
and PD13) of PD group A are selectively connected to amplifier A, the four PDs (PD2, PD6, PD10, and
PD14) of PD group B are selectively connected to amplifier B, the four PDs (PD3, PD7, PD11, and PD15)
of PD group C are selectively connected to amplifier C, and the four PDs (PD4, PD8, PD12, and PD16) of
PD group D are selectively connected to amplifier D. Here, the four PDs in each PD group are not electrically
connected. During scanning and light detection, the LDs 1 to 4 should be lit at different times, and the
amplifiers A to D should be connected to PDs 1 to 4 when LD1 is lit, the amplifiers A to D should be
connected to PDs 5 to 8 when LD2 is lit, the amplifiers A to D should be connected to PDs 9 to 12 when LD3
is lit, and the amplifiers A to D should be connected to PDs 13 to 16 when LD4 is lit.

[0110]

In Modification 5 shown in FIG. 14, the four PDs 1 to 4 corresponding to LD1 are collectively referred to
as PD group A, the four PDs 5 to 8 corresponding to LD2 are collectively referred to as PD group B, the four
PDs 9 to 12 corresponding to LD3 are collectively referred to as PD group C, and the four PDs 13 to 16
corresponding to LD4 are collectively referred to as PD group D. Here, the four PDs in each PD group are
not electrically connected. The amplifier A is selectively connected to the four PDs of the PD group A. The
amplifier B is selectively connected to the four PDs of the PD group B. The amplifier C is selectively
connected to the four PDs of the PD group C. The amplifier D is selectively connected to the four PDs of
the PD group D. Then, for example, first, the LDs 1 to 4 are turned on at the same time, and the amplifiers
A to D are connected to PD1, PD5, PD9, and PD13, respectively, to perform scanning and light detection.
The LDs 1 to 4 are then simultaneously turned on, and the amplifiers A to D are connected to PD2, PD6,
PD10, and PD14, respectively, for scanning and light detection. The LDs 1 to 4 are then simultaneously
turned on, and the amplifiers A to D are connected to PD3, PD7, PD11, and PD15, respectively, for scanning
and light detection. The LDs 1 to 4 are then simultaneously turned on, and the amplifiers A to D are connected
to PD4, PD8, PD12, and PD16, respectively, for scanning and light detection. At least two of LDs 1 to 4 may
have different lighting timings.
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[0111]

FIG. 15 shows a sensing device 1000 comprising the laser radar 100. The sensing device 1000 is mounted
on a mobile body and includes a monitoring control device 300 electrically connected to the laser radar 100
in addition to the laser radar 100. The sensing device 1000 is mounted near the bumper or rearview mirror of
the vehicle. Based on the detection results of the laser radar 100, the monitoring control device 300 performs
processing such as estimating the shape and size of the object, calculating the location information of the
object, calculating the movement information, recognizing the type of object, and the like to determine
whether there is a hazard. Then, when the monitoring control device 300 determines that there is a danger, it
issues an alarm etc., to alert the operator of the moving body, or it issues a command to turn off the handle
to avoid the danger to the steering control unit of the moving body, or it issues a command to the ECU of the
moving body for braking. The sensing device 1000 is supplied with power from, for example, a vehicle
battery.

[0112]

It should be noted that the monitoring control device 300 may be provided integrally with the laser radar
100, or may be provided separately from the laser radar 100. In addition, the monitoring controller 300 may
perform at least some of the controls performed by the ECU.

[0113]

The sensing device 1000 described above includes a laser radar 100 and a monitoring controller 300 that
obtains the movement information including at least one of the presence or absence of an object, the direction
of movement, or the speed of movement based on the output of the laser radar 100.

[0114]
In this case, it is possible to perform braking control, etc. of the moving body with a high level of accuracy.
[0115]

The sensing device 1000 is also mounted on the mobile body, and the monitoring control device 300
determines whether there is a hazard based on at least one of the object’s location information and the
movement information.

[0116]

In this case, control of the avoidance of hazards of the mobile body can be performed with a high level of

accuracy.
[0117]

Also, the mobile device that includes the sensing device 1000 and a mobile device on which the sensing

device is mounted has excellent safety.
[0118]

It should be noted that the configuration of the laser radar of the above embodiments and each modification

can be changed as appropriate.
[0119]

For example, in the above-described embodiments and modifications, an LDA in which a plurality of LDs
are arranged one-dimensionally in the sub-scanning corresponding direction is used as the light source, but
the present invention is not limited to this. For example, a LDA with a plurality of LDs arranged two-
dimensionally, a surface-emitting laser array with a plurality of VCSELSs (surface-emitting lasers) arranged
one-dimensionally in the sub-scanning direction, a VCS EL array with the VCS EL arranged two-
dimensionally, and the like may be used.

[0120]

A semiconductor laser used as a light source may be either an LD (edge emitting laser) or a VCSEL
(surface emitting laser), but the VCSEL can have a larger number of arrays due to its higher density
integration.

[0121]

In the above embodiment, at least two LDs among the electrically connected plurality of (for example,
four) LDs may be adjacent to each other. In Modifications 1 and 2 above, at least two LDs among the plurality
of (for example, four) electrically connected PDs may be adjacent to each other.
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[0122]

Also, the emitting optical system may have another lens instead of or in addition to the coupling lens.

[0123]

Moreover, the light emitting optical system and the light receiving optical system may not have a reflecting
mirror. That is, the light from the LDA may be incident on the rotating mirror without folding the optical
path, and the light reflected by the object and deflected by the rotating mirror may be guided to the PDA
without folding the optical path.

[0124]

Further, the light receiving optical system may have another optical element (for example, a condenser
mirror) in place of or in addition to the lens.

[0125]

In addition, as the deflector, other mirrors such as a polygon mirror (rotating polygon mirror), a galvano
mirror, or a MEMS mirror may be used instead of the rotating mirror.

[0126]

The synchronization system may also have other optical elements (for example, a condenser mirror) in
place of the synchronization lens.

[0127]

In addition, in each of the above-described embodiments and modifications, an automobile is described as
the moving object on which a laser radar is mounted, but the moving object may be a vehicle other than an
automobile, such as an aircraft, a ship, or the like.

[0128]

The specific number, shape, etc. used in the above description is an example, and can be changed as
appropriate to the extent that it does not deviate from the scope of the present invention.

[0129]

As is clear from the above description, the laser radar in the above embodiments and modifications use the
so-called Time of Flight (TOF) method for detecting the presence or absence of an object and the distance to
the object, and it is widely used in the industrial field such as in motion capture technology and distance
measurement, etc., as well as sensing in the moving object. That is, the object detection device of the present
invention does not necessarily have to be mounted on a moving body.

[0130]

The thought process that led the inventors to come up with the above embodiments and modifications will
be described below.

[0131]

Traditionally, laser radars are known as in-vehicle devices that detect the presence or absence of an object
in front of a vehicle while driving and the distance to that object. Various types of optical systems for laser
radars are known, but as disclosed in the Patent Literatures 1 to 4, by scanning laser light emitted from a light
source with a rotating mirror and detecting light reflected or scattered by an object again with a photodetector
via the rotating mirror, the presence or absence of an object in a desired range and the distance to that object
can be detected. In this way, a scanning laser radar that scans an object in a scanning region (detection range)
by means of a laser light and detects the reflected light with a photodetector is advantageous in terms of
detection accuracy and detection distance, as it can concentrate the laser light only in areas that require light
detection, and it is also advantageous in terms of the cost of the photodetector because it can minimize the
area detectable by the photodetector.

[0132]

In such laser radars, for the main scanning direction, it is possible to achieve high resolution by narrowing
the timing of the laser emission. On the other hand, in order to achieve high resolution in the sub-scanning
direction orthogonal to the main scanning direction, the number of directional layers (Layer number) in the
subs-canning direction can be increased by increasing the number of lasers in the direction corresponding to
the sub-scanning direction or by increasing the number of light receiving elements of the photodetector.

[0133]

To accurately capture the shape of the object, it is desirable that the above Layer number is large. Therefore,
increasing the number of Layers should be a consideration. By using one light receiving element and
increasing the number of lasers, the number of Layers corresponding to the number of lasers can be realized.
However, since there is only one light receiving element, it is necessary to acquire the distance information
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in each Layer by shifting the light emission timing of the plurality of lasers, so it takes time to acquire the
data. This becomes more apparent as the number of Layers increases.
[0134]

On the other hand, if only one laser is used and the number of light receiving elements is increased, the
number of layers corresponding to the number of light receiving elements can be realized. However, since
the laser needs to be widened to cover multiple light receiving elements, the amount of light per light
receiving element decreases, and the distance that can be detected becomes shorter. In addition, the signal
of the light receiving element usually needs to be amplified by the amplification circuit, which increases the
number of amplifiers and subsequently the cost. This becomes more apparent as the number of Layers
increases.

[0135]

Therefore, the inventors has devised the above-described embodiment and each modified example in order
to address such problems.
[Reference Signs List]

[0136]

26 ... Rotating mirror (deflector), 100 ... Laser radar (object detection device), 300 ... Monitoring control

device, 1000 ... Sensing device.

[Prior Art Literature]

[Patent Literature]

[0137]

[Patent Literature 1] Japanese Unexamined Patent Application Publication No. 2011 - 128112
[Patent Literature 2] Japanese Unexamined Patent Application Publication No. 2009 - 063339
[Patent Literature 3] Japanese Unexamined Patent Application Publication No. 2012 - 107984
[Patent Literature 4] Japanese Unexamined Patent Application Publication No. 2009 - 069003
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[Document name] Scope of patent claims
[Claim 1]

An object detection device comprising of a light source consisting of a plurality of light emitting units
arranged in a sub-scanning direction;

a deflector for deflecting the light from the light source;

a plurality of light receiving units arranged in the sub-scanning direction corresponding to the plurality of
light emitting units; and a photodetector for receiving the light deflected by the deflector and reflected by the
object.

[Claim 2]

An object detection device according to Claim 1, wherein the number of said light emitting units and the
number of said light receiving units are different.
[Claim 3]

An object detection device according to Claim 1 or 2, wherein the plurality of light emitting units includes
a plurality of light emitting unit groups each composed of at least two electrically connected light emitting
units.

[Claim 4]

An object detection device according to Claim 3, wherein the at least two light emitting units are not
adjacent.
[Claim 5]

An object detection device according to Claim 3 or 4, wherein the at least two light emitting units
correspond to different light receiving units.
[Claim 6]

An object detection device according to any one of Claims 3 to 5, wherein the at least two light emitting
units are turned on at the same time,

and lighting timings differ between the light emitting unit groups.

[Claim 7]

An object detection device according to Claim 6, wherein each of the plurality of light emitting units is
turned on at a predetermined cycle,

and wherein the time from the end of the illumination of one of the plurality of light emitting unit groups
to the start of the illumination of the next light emitting unit group is shorter than the predetermined cycle.
[Claim 8]

An object detection device according to Claim 1 or 2, wherein the plurality of light receiving units includes
a plurality of light receiving unit groups each composed of at least two electrically connected light receiving
units.

[Claim 9]

An object detection device according to Claim 8, wherein the at least two light receiving units are not
adjacent to each other.
[Claim 10]

An object detection device according Claim 8 or 9, wherein the at least two light receiving units correspond
to different light emitting units.
[Claim 11]

An object detection device according to any one of Claims 8 to 10, wherein the plurality of light emitting
units have different lighting timings.
[Claim 12]

An object detection device according to Claim 11, wherein each of the plurality of light emitting units is
turned on at a predetermined cycle,

and wherein the time from the end of the illumination of one of the plurality of light emitting units to the
start of the illumination of the next light emitting unit is shorter than the predetermined cycle.

[Claim 13]

An object detection device according to any one of Claims 8 to 12, further comprising of an amplifier
connected in common to the at least two light receiving units.
[Claim 14]

An object detection device according to any one of Claims 1 to 13, further comprising of a number of
amplifiers in a number smaller than the number of the light receiving units,
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wherein at least two light receiving units among the plurality of light receiving units are connected to the
same amplifier at different timings.
[Claim 15]

An object detection device according to any one of Claims 1 to 14, wherein each of said plurality of light
emitting units includes a plurality of micro-emitting bodies.
[Claim 16]

An object detection device according to any one of claims 1 to 15,

wherein a monitoring control device obtains movement information including at least one of
presence/absence of an object, direction of movement, and speed of movement based on an output of the
object detection device.
[Claim 17]

A sensing device according to claim 16, wherein said monitoring control device is mounted on a moving
object,

and determines whether or not there is danger based on at least one of position information and movement
information of said object.
[Claim 18]

A mobile device comprising the object detection device according to any one of claims 1 to 15,

wherein a mobile device on which said object detection device is mounted.
[Claim 19]

A mobile device comprising the sensing device according to claim 16 or 17,

wherein a mobile device on which the sensing device is mounted.
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[Document name] Abstract

[Abstract]

[Problem to be solved] An object detection device is provided that can achieve high resolution of the
detection range in the sub-scanning direction while suppressing the prolonged detection data acquisition time
and shorter detection distance.

[Means for solving the problems] The laser radar 100 comprises an LDA (light source) comprising a plurality
of LDs (light emitting portions) arranged in the Z-axis direction (direction corresponding to the sub-scanning
direction), a rotating mirror (deflector) that deflects light from the LDA, and a PDA (photodetector)
comprising a plurality of PDs (receiving portions) arranged in a direction corresponding to the plurality of
LDs and corresponding to the sub-scanning direction, and receiving light reflected by the object deflected by
the rotating mirror.

[Selection Diagram] FIG. 1
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[Document name] Drawing

[FIG. 1]
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[FIG. 2]
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[FIG. 3]
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[FIG. 5]

———
1

Irradiation range of LD1—s E
Irradiation range of LD2—¢:-|:I E

' i«— Irradiation range of the LD1
Irradiation range of LD3—?D '
Irradiation range of LD4—+ E

)

Irradiation range of LD5

Irradiation range of LD6-—:>D
|

Irradiation range of LD7

Irradiation range of LD8—>|I |
s

1
1
1
1
1
1
1
1
I
1
1
)
]
1
)

===1
)
]
L)
)
L)
]
]
r
]
]
)
]
]
]
]

e— [rradiation range of the LD2

Irradiation range of LD9—

i
Irradiation range of LD10—s- |:|
! <— Irradiation range of the LD3

Irradiation range of LDll—H:l

Irradiation range of LDlZ—r[:]

Irradiation range of LD1 E
. 1
)

Irradiation range of LD14—H:|

mew

r«— Irradiation range of the LD4

24



[FIG. 6]
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[FIG. 7]
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[FIG. 11]
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e R I NGRS

(006 5]

¥z, ROICRENBFIAIVFFr—LrDE>IT, 42DLDEIA~DIZ. HSLDE
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DX FEEPD10THY, PDECo3HFHIT+ZHMoPDIX LEEPD1 1 THY, PD
MDo3IHFHICHZMOPDIZ LIEPD1 2 TH 5,
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2T, ZEfl1 Tk, LD2PDoOlAZLDXIYLPDOWELLLLT (ZZTClX4 1%
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4 PN G A E NS SRET L Z AW ERICR Y., X2 HMEHTE, 2o
R, MBI EZ I T e TESL, £ YhuvliiEsZ AMEHTE 5.

(009 6)
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5 ST HMERBRL BT 0, 2 HMCRIATE, M2k TE 5,

(009 7]

¥/, 420LD1~41%. ELDTHIARIIC (Z ZTlEl—ox0 BT ) . o
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MUNFENR OB L2 HOBIERL., BRI NE2E 5 2 23 TE. MbERE D KEERE A3
afgEE A b,

(010 8]
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ODA4{HOPD (PD4. PD8., PD1 2, PD1 6) ASHIlESS DICEINANIC
o ST %PDﬁ@4H@PDHnﬁWK%%éﬂTM&%O%LT.EE~Mﬁ®
PRICIE. LD1~4 284057407 TrflEE., LD 1 OGN RICHEISA~D%2 €
NTNPD1~4124EmLl. LD2 AN RHICHESSA~DEZ TN ZEn P D 5~ 8I#ht
L. LD3 oA ERCHIEISA~D2 ZhZFNnPD9~1 21#L. LD4 oA IC
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