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(57) Abrege/Abstract:
The present invention enables control of the specifications of a transmission unit and reception unit in a manner so as to reduce the
effect of scattered waves reaching the reception unit as a result of scattering caused by the medium through which wave
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(57) Abrege(suite)/Abstract(continued):

propagates. This target detection device has a transmission unit, a reception unit, a detection unit, and a control unit. The control
unit controls the specifications of the transmission unit and reception unit in a manner so as to satisfy a relational equation for
reducing the effect of scattered waves reaching the reception unit due to scattering caused by the medium through which wave

propagates. The transmission unit transmits wave, and the reception unit receives the reflection wave of the wave reflected by a
detection subject. The detection unit detects the detection subject on the basis of the output of the reception unit.
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|[Document Name| ABSTRACT

The present invention enables control of the specifications of a
transmission unit and reception unit in a manner so as to reduce the effect
of scattered waves reaching the reception unit as a result of scattering
caused by the medium through which wave propagates. This target
detection device has a transmission unit, a reception unit, a detection unit,
and a control unit. The control unit controls the specifications of the
transmission unit and reception unit in a manner so as to satisty a
relational equation for reducing the effect of scattered waves reaching the
reception unit due to scattering caused by the medium through which wave
propagates. The transmission unit transmits wave, and the reception unit
receives the reflection wave of the wave reflected by a detection subject.
The detection unit detects the detection subject on the basis of the output

of the reception unit.
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"[Document Name] DESCRIPTION
[Title of Invention] TARGET DETECTION DEVICE

[Technical Field]

[0001]

The present invention relates to a target detection device, a target
detection method, and a program.

|[Background Art]

[0002]

A variety of devices, including sonar devices, radar devices, and
lidar devices, that detect targets by transmitting waves such as sound
waves, radio waves, and light waves, and receiving reflected waves from
the target have been proposed or put to practical use. For these types of
target detection devices, a variety of methods for reducing the effects
caused by interfering signals (e.g., reverberation) have also been proposed

or put to practical use.

[0003]

For example, according to a proposed technique, which 1s a first
related art of the present invention, reverberations are removed in an active
sonar device for detecting moving target objects, by using difference 1n
frequency due to the Doppler effect between a reflected wave from a target

object and reverberation (see PTL 1, for example).

10004 ]

According to another proposed technique, which 1s a second related
art of the present invention, reverberations from the bottom or surface of
water are separated from reflected waves coming from a target object in an
active sonar device for detecting a stationary object, by changing
frequency settings for a variable band-stop filter over time (see PTL 2, for
example).

[0005]
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According to another proposed technique, which is a third related
art of the present invention, an active sonar device called a bi-static or
multi-static system where a transmitter and a receiver are located with a
certain distance apart, includes a transmitter continuously transmitting an
acoustic signal, and a receiver receiving a reflected signal of the acoustic
signal reflected from an object and a direct acoustic signal from the
transmitter, wherein the receiver performs processing to discriminate the
direct acoustic signal from the reflected signal received from the object
while the transmitter is transmitting signals (see PTL 3 and PTL 4, for
example).

[0006]

According to another proposed technique, which is a fourth related
art of the present invention, in an active sonar device, a transmitter and a
receiver are disposed apart from each other by a predetermined distance so
as to reduce the effects of acoustic signals from the transmitter (see P1L 5,
for example).

[Citation List]

[0007]

[Patent Literature]

[PTL 1]

Japanese Patent No. 3367462

[PTL 2]

Japanese Unexamined Patent Application Publication No.
2001-174545

[PTL 3}

US Patent No. 7852709

[PTL 4]

Japanese Unexamined Patent Application Publication (Translation

of PCT Application) No. 2007-507691
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[PTL 5]

US Patent No. 4961174

[Summary of Invention]

(0008]

By the way, interfering signals affecting the detection performance of a device that
detects a target by transmitting a wave and receiving a reflected wave from the target may include
scattered waves reaching the reception unit due to scattering caused by the medium through which
a wave propagates, 1in addition to reverberations from the bottom or surface of water and direct
acoustic signals from the transmitter. Although the extent of influence exerted by such scattered
waves 1s presumably related to the distance between the transmission unit and reception unit and
to shapes and directions of beams for the transmission unit and reception unit, no literature is
known to have conducted a theoretical analysis concerning how such specifications of the
transmission unit and reception unit have eftects. Thus, it has been conventionally difficult to

control specifications of the transmission unit and reception unit so as to reduce the effects of this

sort of scattered waves.

[0009]

An object of the present invention 1s to provide a target detection device that solves the

problem as described above, that is, the difficulty in controlling specifications of the transmission

unit and reception unit so as to reduce the effects of scattered waves reaching the reception unit

due to scattering caused by the medium through which a wave propagates.

[0009a]

According to an aspect of the present invention, there is provided a target detection
device comprising: a transmission unit that transmits a wave; a reception unit that receives a
reflected wave of the wave, the reflected wave being retlected from a detection target object;
a detection unit that detects the detection target object based on an output of the reception
unit; and a control unit that: selects, as an optimization target, beam shapes of the

transmission unit and the reception unit or a distance between the reception unit and the

CA 2950875 2017-11-17
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transmission unit, obtains a transmission level of the transmission unit and a backscattering
intensity of a medium through which the wave propagates from input data, calculates a level
of a scattered wave by the medium reaching the reception unit based on the transmission
level, the backscattering intensity, the beam shapes and the distance, and determines the beam
shapes or the distance in such a way that the level of the scattered wave calculated 1s equal to

or less than a threshold.
10009b]

According to another aspect of the present invention, there 1s provided a target
detection device comprising: a transmission unit that transmits a wave; a reception unit that
receives a retlected wave of the wave, the reflected wave being reflected from a detection
target object; a detection unit that detects the detection target object based on an output of the
reception unit; and a control unit that: selects, as an optimization target, beam shapes of the
transmission unit and the reception unit or a distance between the reception unit and the
transmission unit, obtains a transmission level of the transmission unit and a backscattering
intensity of a medium through which the wave propagates from input data, calculates a ratio
of a level of a reflected wave from the detection target object to a level of a scattered wave by
the medium reaching the reception unit based on the transmission level, the backscattering
intensity, the beam shapes and the distance, and determines the becam shapes or the distance in

such a way that the ratio calculated 1s equal to or greater than a threshold.
[0009¢]

According to another aspect of the present invention, there is provided a target
detection method executed by a target detection device that includes a transmission unit that
transmits a wave, a reception unit that receives a reflected wave of the wave, the reflected
wave being reflected from a detection target object, the target detection method comprising:
selecting, as an optimization target, beam shapes of the transmission unit and the reception
unit or a distance between the reception unit and the transmission unit; obtaining a
transmission level of the transmission unit and a backscattering intensity of a medium through

which the wave propagates from input data; calculating a level of a scattered wave by the

CA 2950875 2018-08-31
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medium reaching the reception unit based on the transmission level, the backscattering

Intensity, the beam shapes and the distance; determining the beam shapes or the distance 1n
such a way that the level of the scattered wave calculated is equal to or less than a threshold;

and detecting the detection target object based on an output of the reception unit.
10009d]

According to another aspect of the present invention, there is provided a target
detection method executed by a target detection device that includes a transmission unit that
transmits a wave, a reception unit that receives a reflected wave of the wave, the retlected
wave being reflected from a detection target object, the target detection method comprising:
selecting, as an optimization target, beam shapes of the transmission unit and the reception
unit or a distance between the reception unit and the transmission unit; obtaining a
transmission level of the transmission unit and a backscattering intensity of a medium through
which the wave propagates from input data; calculating a ratio of a level of a reflected wave
from the detection target object to a level of a scattered wave by the medium reaching the
reception unit based on the transmission level, the backscattering intensity, the beam shapes
and the distance; and determining the beam shapes or the distance in such a way that the ratio
calculated 1s equal to or greater than a threshold; and detecting the detection target object

based on an output of the reception unit.
[0009¢]

According to another aspect of the present invention, there is provided a non-transitory
computer-readable medium storing a program comprising executable instructions that cause a
computer connected to a transmission unit that transmits a wave and to a reception unit that
receives a reflected wave of the wave, the reflected wave being reflected from a detection
target object, to function as a control unit that: selects, as an optimization target, beam shapes
of the transmission unit and the reception unit or a distance between the reception unit and the

transmission unit, obtains a transmission level of the transmission unit and a backscattering

intensity of a medium through which the wave propagates from input data, calculates a level

CA 2950875 2018-08-31
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of a scattered wave by the medium reaching the reception unit based on the transmission
level, the backscattering intensity, the beam shapes and the distance, and determines the beam
shapes or the distance 1in such a way that the level of the scattered wave calculated 1s equal to

or less than a threshold.

(00091

According to another aspect ot the present invention, there is provided a non-transitory
computer-readable medium storing a program comprising executable instructions that cause a
computer connected to a transmission unit that transmits a wave and to a reception unit that
recetves a retlected wave of the wave, the reflected wave being reflected from a detection
target object, to tunction as a control unit that: selects, as an optimization target, beam shapes
of the transmission unit and the reception unit or a distance between the reception unit and the
transmission unit, obtains a transmission level of the transmission unit and a backscattering
intensity ot a medium through which the wave propagates from input data, calculates a ratio
of a level of a reflected wave from the detection target object to a level of a scattered wave by
the medium reaching the reception unit based on the transmission level, the backscattering
intensity, the beam shapes and the distance, and determines the beam shapes or the distance in

such a way that the ratio calculated is equal to or greater than a threshold.
[0010]

A target detection device according to one aspect comprises: a transmission unit that
transmits a wave; a reception unit that receives a reflected wave of the wave, the reflected wave
being retlected from a detection target object; a detection unit that detects the detection target
object based on an output of the reception unit; and a control unit that controls specifications of
the transmission unit and the reception unit in such a way that the specifications satisfy a
relational equation for reducing eftects of a scattered wave reaching the reception unit due to

scattering caused by a medium through which the wave propagates.

CA 2950875 2018-08-31




10

15

20

25

31301449

Sb

[0011]

A target detection method according to another aspect is a target detection method
executed by a target detection device that includes a transmission unit, a reception unit, a
detection unit, and a control unit, wherein the control unit controls specifications of the
transmission unit and the reception unit in such a way that the specifications satisfy a relational
equation for reducing effects of a scattered wave reaching the reception unit due to scattering
caused by a medium through which a wave propagates, wherein the transmission unit transmits
the wave, wherein the reception unit receives a reflected wave of the wave, the reflected wave
being retlected from a detection target object, and wherein the detection unit detects the detection

target object based on an output of the reception unit.

(0012]

A program according to another aspect causes a computer connected to a transmission
unit that transmits a wave and to a reception unit that receives a reflected wave of the wave, the
reflected wave being reflected from a detection target object, to function as: a control unit that
controls specifications of the transmission unit and the reception unit in such a way that the
specifications satisty a relational equation for reducing effects of a scattered wave reaching the

reception unit due to scattering caused by a medium through which the wave propagates.

[0013]

With the above-described configurations, aspects of the present invention make it
possible to control specifications of the transmission unit and reception unit so as to reduce the

effects of scattered waves reaching the reception unit due to scattering caused by the medium

through which a wave propagates.

| Brief Description of Drawings]
[0014]

Fig. 1 1s a block diagram illustrating a target detection device according to a first

exemplary embodiment of the present invention.

CA 2950875 2017-11-17
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Fig. 2 1s a flowchart illustrating operations of the target detection device according

to the first exemplary embodiment of the present invention.

Fig. 3 1s a block diagram illustrating a control unit in the target detection device

according to a second exemplary embodiment of the present invention.

Fig. 4 shows a relational equation used for the second exemplary embodiment of the

present invention.

Fig. 5 1s a schematic diagram illustrating specifications of the transmission unit and
reception unit concetved for deriving the relational equation used for the second exemplary

embodiment of the present invention.
Fig. 6 is a cross-sectional view of a beam taken along the x-axis direction.

Fig. 7 1s a cross-sectional view of a beam taken along the y-axis direction.

CA 2950875 2017-11-17
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Fig. 8 shows equations representing processes of deriving the

relational equation used for the second exemplary embodiment of the
present invention.

Fig. 9 shows equations representing processes of deriving the
relational equation used for the second exemplary embodiment of the
present invention.

Fig. 10 1s a diagram 1llustrating an example of the data input screen
used by the control unit in the target detection device according to the
second exemplary embodiment of the present invention.

Fig. 11 is a diagram illustrating a first example of the data input
screen used by the control unit 1n the target detection device according to
the second exemplary embodiment of the present invention.

Fig. 12 is a diagram 1illustrating a second example of the data input
screen used by the control unit 1in the target detection device according to
the second exemplary embodiment of the present invention.

Fig. 13 1s a diagram 1llustrating a third example of the data input
screen used by the control unit in the target detection device according to
the second exemplary embodiment of the present invention.

Fig. 14 is a diagram 1llustrating an example configuration for
controlling specifications of the transmission unit and reception unit
according to the second exemplary embodiment of the present invention.

Fig. 15 1s a diagram 1llustrating another example configuration for
controlling specifications of the transmission unit and reception unit
according to the second exemplary embodiment of the present invention.

Fig. 16 is a flowchart illustrating operations of the control unit in
the target detection device according to the second exemplary embodiment
of the present invention.

Fig. 17 shows the relational equation used for a third exemplary

embodiment of the present invention, as well as an equation representing a
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process of deriving the relational equation.

F1g. 18 shows the relational equation used for a fourth exemplary
embodiment of the present invention.

Fig. 19 1s a schematic diagram 1llustrating specifications of the
transmission unit and reception unit conceived for deriving the relational
equation used for the fourth exemplary embodiment of the present
invention.

Fig. 20 shows equations representing processes of deriving the
relational equation used for the fourth exemplary embodiment of the
present invention.

Fig. 21 shows equations representing processes of deriving the
relational equation useci for the fourth exemplary embodiment of the
present invention.

Fig. 22 shows the relational equation used for a fifth exemplary
embodiment of the present invention, as well as equations representing
processes of deriving the relational equation.

Fig. 23 shows the relational equation used for the fifth exemplary
embodiment of the present invention, as well as an equation representing a
process of deriving the relational equation.

Fig. 24 1s an explanatory diagram illustrating another exemplary
embodiment of the present invention.

[Description of Embodiments]

[0015]

Exemplary embodiments of the present invention will now be
described 1n detail with reference to the drawings.

[First Embodiment]

With reference to Fig. 1, a target detection device 10 according to a

first exemplary embodiment of the present invention 1s an active sonar

device having a function to detect a target object present in water by
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transmitting a sound wave and receiving a reflected wave. The target
detection device 10 includes main components: a transmission unit 11, a
reception unit 12, a detection unit 13, and a control unit 14.

[0016]

The transmission unit 11 has a function to transmit a sound wave.
The reception unit 12 has a function to receive a reflected wave of the
sound wave reflected from the target object, namely a detection target
object 15. The detection unit 13 has a function to detect the detection
target object 15 based on an output of the reception unit 12. The
transmission unit 11, the reception unit 12, and the detection unit 13 are
well-known basic components of an active sonar device.

[0017]

The control unit 14 has a function to control specifications of the
transmission unit 11 and reception unit 12 so as to reduce the effects of a
scattered wave. The control unit 14 controls specifications of the
transmission unit 11 and reception unit 12, including, for example, the
distance between the transmission unit 11 and reception unit 12, and
shapes and directions of beams for the transmission unit 11 and reception
unit 12, 1n such a way that the specifications satisfy a relational equation
used for reducing the effects of a scattered wave reaching the reception

unit 12 due to scattering caused by water (e.g., seawater), which

constitutes the medium through which a sound wave, 1.e., wave, propagates.
The aforementioned relational equation represents a condition that must be
satisfied by parameters representing specifications of the transmission unit
11 and reception unit 12 so as to reduce the effects of a scattered wave.
10018}
Fig. 2 1s a flowchart 1llustrating operation of the target detection
device 10 according to the present exemplary embodiment. The

following describes operations of the target detection device 10 referring
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[0019]

The control unit 14 1n the target detection device 10 accepts from
outside the data needed for controls (Step S101). Next, the control unit
14 determines specifications of the transmission unit 11 and reception unit
12 based on the input data and a preset relational equation (Step S102).
Then, the control unit 14 controls specifications of the transmission unit 11
and reception unit 12 in such a way that the specifications match the
determined specifications (Step S103).

[0020]

Subsequently, the device performs detection of the detection target
object by transmitting and receiving sound waves (Step S104).
Specifically, the transmission unit 11 transmits a sound wave and the
reception unit 12 receives a reflected wave ot the sound wave in
accordance with the controlled specifications, and then the detection unit
13 detects the detection target object 15 based on an output of the
reception unit 12.

[0021]

As seen above, the present exemplary embodiment may achieve
controlling specifications of the transmission unit 11 and reception unit 12
so as to reduce the etfects of a scattered wave reaching the rcception unit
12 due to scattering cauSed by water, which constitutes the medium
through which a sound wave, 1.e., wave, propagates. This is because the
control unit 14 controls specifications of the transmission unit 11 and
reception unit 12 in such a way that the specifications satisfy the relational
equation used for reducing the effects of a scattered wave reaching the
reception unit 12 due to scattering caused by the medium.

[0022]

|Second Embodiment]
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A second exemplary embodiment of the present invention will now
be described. In the present exemplary embodiment, details of the
control unit 14 in the target detection device 10 according to the first
exemplary embodiment are described.

[0023]

The control unit 14 has a function to control specifications of the
transmission unit and reception unit in such a way that the specifications
satisfy a relational equation used for reducing the effects of a scattered
wave reaching the reception unit due to scattering caused by the medium
through which a wave propagates. The control unit 14 includes main
functional units: a communication interface unit (hereinafter referred to as
communication I/F unit) 141, an operation input unit 142, a screen display
unit 143, a storing unit 144, and a computation processing unit 145.

[0024]

The communication I/F unit 141, which is composed of dedicated
data communication circuits, has a function to perform data
communications with various devices such as the transmission unit 11 and

the reception unit 12 connected to the communication I/F unit via a

communication line.

10025]

The operation input unit 142, which is composed of operation input
devices such as a keyboard or mouse, has a function to detect an operation

made by the operator and give an output to the computation processing unit

145.
[0026]

The screen display unit 143, which is composed of a screen display
device such as a liquid crystal display (LCD) or a plasma display panel
(PDP), has a function to display various types of information such as

operation menus on the screen in response to an instruction from the
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computation processing unit 145.
[0027]

The storing unit 144, which is composed of a storage device such as
a hard disc or a memory, has a function to store a program 1441 and
processing information needed for various processeé pertormed by the
computation processing unit 145. The program 1441, which is a program
to be loaded and run on the computation processing unit 145 to implement
various processing units, 1s read in advance from an external device (not
1llustrated) or a storage medium (not illustrated) via the data input/output
functions such as the communication I/F unit 141 and stored in the storing
unit 144. Major processing information stored in the storing unit 144
includes a relational equation 1442, input data 1443, and calculated data
1444 .

|10028]

The relational equation 1442 is an equation representing, with some
parameters, a condition that need to be satisfied by specifications of the
transmission unit and reception unit, so as to reduce the effects of a
scattered wave reaching the reception unit due to scattering caused by the
medium through which a wave propagates. Equation 1 shown in Fig. 4 is

an example of the relational equation 1442.

[0029]
Equation 1 has six parameters: SL, Sv, a, b, d, and AL. The

individual parameters represent as follows. SL is a transmission level of
the transmission unit 11, S, (= 10 logsy) 1s a backscattering intensity, a and
b are shapes of beams for the transmission unit 11 and reception unit 12, d

1s a distance between the transmission unit 11 and reception unit 12, and

AL 1s an acceptable level of scattering level. In other words, Equation 1

3/2

represents that a value of SL + Sv + 10 log (z*'* a* b / d) must be equal to

or less than AL so as to make the level of a scattered wave reaching the
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reception unit 12 be equal to or less than the acceptable level AL. Thus,
supposing that values of some parameters are known, then the remaining
unknown parameter value can be determined based on the known values
and Equation 1. For example, 1f SL, Sv, a, b, and AL are given, an

optimal value ot d 1s determined.

10030]

Figs. 5 to 7 are schematic diagrams illustrating specifications of the
transmission unit 11 and reception unit 12 conceived for deriving Equation

1. The following describes processes of deriving Equation 1 referring to

Figs. 5 to 7.
|0031]

[Process of Deriving Equation 1}

As 1llustrated 1n Fig. 5, it is assumed that the transmission unit 11
and reception unit 12 are disposed on an x-y plane, both the transmission
beam and the reception beam are in the same shap'e, and both are directed
in a positive directton of the z axis. FEach of the beams is a Gaussian and
has a center axis along the z axis. Every cross section of a beam parallel
to the x-y plane is a two-dimensional Gaussian, described as Equation 2 in
Fig. 8. To make a Gaussian spread in a positive direction of the z axis,
Equation 2 1s modified to Equation 3 in Fig. 8.

[0032]

As illustratéd in Fig. 6, the beamwidth in the X direction is denoted
as Ox, and tan (0x / 2) = a1s given. As illustrated in Fig. 7, the bcamwidth
In the Y direction ts denoted as 0y, and tan (6y/ 2) = b is given. In
addition, 1t is assumed that the reception beam is coaxial with the z axis
and the transmission beam, which is identical in shape with the reception
beam, 1s present at a position distant from the reception beam by d in a
positive direction of the x axis. That is, d is defined as the distance

between the transmission unit 11 and the reception unit 12. This
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transmission beam 1s described as Equation 4 in Fig. 8. In other words, 1t
is assumed that the reception point is at the origin (0, 0, 0) while the
transmission point 1s at (d, 0, 0).

[0033]

A sound 1ntensity on an axis per unit distance 1s denoted as Iy.
Since the distance from the transmission point of a coordinate point (x, vy,

24 1/2
h

7) 18 {(X - d)2 + y2 + 7 , the intensity of a sound incoming to a micro

volume dxdydz at a coordinate point (X, y, z) 1s expressed as [oB> (X, y, z) /
{(x -d)*+y*+z*}. LetS,=101logs, bea backscattering intensity, then
the scattering intensity caused by the micro volume dxdydz at the reception
point i1s defined by Equation 5 in Fig. 8. Since this is received with the
beam B (X, y, z), an output voltage of the reception unit 12 is expressed as
Equation 6 in Fig. 8. The response is assumed to be 1 here. Thus,
scattering 1n the whole region (reverberation) R 1s obtained by integrating
Equation 6, as represented by Equation 7 in Fig. 8.

[0034]

The integration according to Equation 7 cannot be solved
analytically. Thus, an approximation is made as described below. The
scattering on each micro volume is only dependent on a distance from the
x-y plane, 1.e., only dependent on z. This is true as long as the
beamwidth 1s sufficiently small. As a distance from the x-y plane is
longer, the beam 1s more spread, but a wider beam would have little
influence on scattering, because the scattering becomes small as the
distance 1s longer. An approximation according to this policy leads the
aforementioned integration to Equation 8 in Fig. 8.

|00335]

The integration defined by Equation 8 is performed as described
below. First, integration 1s performed with respect to x and y. The

integration can be performed on x and y independently. Equation 9 in Fig.
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9 shows the integration with respect to x. Equation 10 in Fig. 9 shows the
integration with respect toy. Accordingly, Equation 8 is turned into
Equation 11 in Fig. 9. The integration with respect to z is defined by
Equation 12 in Fig. 9 because the variable transformation (1 / z) = t leads
to(-1/ zz) dz = dt. Therefore, the result of integration 1s represented by
Equation 13 1n Fig. 9. The scattering level RL' on a logarithmic scale is
defined by Equation 14 in F1g. 9. Equation 1 appearing above represents
the condition that the scattering level RL' should be equal to or less than an
acceptable level AL. The above are processes of deriving Equation 1.

[0036]

With reference to Fig. 3 again, the input data 1443 is composed of
known parameter values among a plurality of parameters included in the

relational equation 1442.

[0037]

The calculated data 1444 1s composed of an unknown parameter
value among parameters in the relational equation 1442, the value having
been calculated based on the relational equation 1442 and input data 1443.

[0038]

The computation processing unit 145, which has a microprocessor
(e.g., MPU) and 1ts peripheral circuitry, has a function to implement
various processing units by reading the program 1441 from thc storing unit
144 and executing it, through collaboration between the above-described
hardware and the program 1441. Major processing units implemented by
the computation processing unit 145 include an input unit 1451, a
computation unit 1452, and a setting unit 1453.

[0039]

The input unit 1451 has a function to accept data from the operation

input unit 142 or the communication I/F unit 141 and store the data.

designated as input data 1443, into the storing unit 144,
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[0040]

Figs. 10 to 13 show examples of the data input screen displayed on
the screen display unit 143 by the input unit 1451. First, the input unit
1451 displays the data input screen 14511 as illustrated in Fig. 10 on the
screen display unit 143. The data input screen 14511 displays buttons
145111 to 145113 for selecting a parameter to be optimized. The operator
sclects a parameter to be optimized by operating any of these selection

buttons.

10041}

When the selection button 145111 is operated, the input unit 1451
determines the distance between the transmission unit and reception unit to
be optimized, and displays the data input screen 14512 as illustrated in Fig.
11 on the screen display unit 143. The data input screen 14512 displays
an input tield 145121 for transmission level SL, an input field 145122 for
backscattering intensity S,, an input field 145123 for X-axis beamwidth a,
an input field 145124 for Y-axis beamwidth b, an input field 145125 for
acceptable level AL, and an execution button 145126. The operator
enters desired values through the operation input unit 142 into the input
fields 145121 to 145125, and operates the execution button 145126.

Then, the input unit 1451 saves the input data 1443, namely the individual
parameter values that have been entered into the input fields 145121 to
145125, into the storing unit 144.

(0042]

When the selection button 145112 is operated, the input unit 1451
determines the X-axis beamwidth to be optimized, and displays the data
input screen 14513 as illustrated in Fig. 12 on the screen display unit 143.
The data input screen 14513 displays an input field 145131 for
transmission level SL, an input field 145132 for backscattering intensity Sy,

an 1nput field 145133 for Y-axis beamwidth b, an input field 145134 for
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distance d between transmission unit and reception unit, an input field
145135 for acceptable level AL, and an execution button 145136. The
operator enters desired values through the operation input unit 142 into the
input fields 145131 to 145135, and operates the execution button 145136.
Then, the input unit 1451 saves the input data 1443, namely the individual
parameter values that have been entered into the input fields 145131 to
145135, 1nto the storing unit 144.

[0043]

When the selection button 145113 1s operated, the input unit 1451
determines the Y-axis beamwidth to be optimized, and displays the data
input screen 14514 as illustrated in Fig. 13 on the screen display unit 143.
The data input screen 14514 displays an input field 145141 for
transmission level SL, an input field 145142 for backscattering intensity
Sv, an input field 145143 for X-axis beamwidth a, an input field 145144 for
distance d between transmission unit and reception unit, an input field
145145 tor acceptable level AL, and an ¢xecution button 145146. The
operator enters desired values through the operation input unit 142 into the
input fields 145141 to 145145, and operates the execution button 145146.
Then, the input unit 1451 saves the input data 1443, namely the individual
parameter values that have been entered into the input fields 145141 to
145145, into the storing unit 144.

(0044 ]

In the above example, the input unit 1451 displays the data ihput
screen on the screen display unit 143 and accepts data from the operation
input unit 142,  Alternatively, the input unit 1451 may display the data

input screen on a remote terminal device connected via the communication

[/F unit 141 and accept data from the terminal device.
[0045]

The computation unit 1452 has a function to read the relational



10

15

20

235

CA 02950875 2016-11-30

17
equation 1442 and input data 1443 from the storing unit 144, calculate a

parameter value to be optimized based on the relational equation 1442 and
input data 1443, and saves the calculated value, designated as calculated
data 1444, into the storing unit 144. Specifically, the computation unit
1452 calculates a parameter value to be optimized by assigning the input
data 1443 to known parameters among a plurality of parameters in the
relational equation 1442 and solving the relational equation 1442 with

respect to an unknown parameter.

[0046]

The setting unit 1453 has a function to read input data 1443 and
calculated data 1444 from the storing unit 144 and control specifications of
the transmission unit 11 and reception unit 12 based on the input data 1443
and calculated data 1444.

[0047]

Fig. 14 1llustrates an example configuration for controlling
specifications of the transmission unit 11 and reception unit 12. With
reference to Fig. 14, the transmission unit 11 1s mounted on a moving
object 14531 and the reception unit 12 1s mounted on a moving object
14532. The movable bodies 14531 and 14532 move in parallel with the X
axis along a guide member 14533, such as a rail disposed on the ship
bottom, 1n accordance with an instruction given by the setting unit 1453.
The setting unit 1453 controls the distance between the transmission unit
11 and reception unit 12 by adjusting the positions of the movable bodies
14531 and 14532.

[0048]

Fig. 15 1llustrates another example configuration for controlling
specifications of the transmission unit 11 and reception unit 12. With
reference to Fig. 15, a transmission beam forming unit 14534 forming a

transmission beam shape of the transmission unit 11 and a reception beam
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forming unit 14535 forming a reception beam shape of the reception unit
12 are disposed. The setting unit 1453 controls the transmission beam
and reception beam in such a way that these beams are formed into desired
shapes by giving instructions to the transmission beam forming unit 14534

and reception beam forming unit 14535.

[0049]

Fig. 16 1s a flowchart illustrating operations of the control unit 14
according to the present exemplary embodiment. The following describes

operations of the control unit 14 referring to Fig. 16.

[0050]
First, the input unit 1451 in the control unit 14 displays the data

input screcen 14511 as 1llustrated in Fig. 10 on the screen display unit 143,
and causes the operator to select a parameter to be optimized via the
selection buttons 145111 to 145113 (Step S201). Next, the input unit
1451 displays, on the screen display unit 143, the data input screens 14512
to 14514, as 1llustrated in Figs. 11 to 13, depending on the selected type of
parameter to be optimized, and causes the operator to enter known

parameter values (Step S202).

[0051]

Then, the computation unit 1452 1n the control unit 14 calculates an
unknown paramctcr valuc to bec optimized, bascd on the known parameter
values that have been entered and the relational equation defined by
Equation 1 (Step S203). For example, when the operator sclects the
distance between the transmission unit and the reception unit as the item to
be optimized and enters, through the data input screen 14512, values of the
transmission level SL, backscattering intensity S,, X-axis beamwidth a,
Y-axis beamwidth b, and acceptable level AL, the computation unit 1452
assigns these values to Equation 1 and calculates an optimum value, which

1s a minimum value of the distance d between the transmission unit and the
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reception unit satisfying the relational equation 1. Or, when the operator

selects the X-axi1s beamwidth as the 1tem to be optimized and enters,
through the data input screen 14513, values of the transmission level SL,
backscattering intensity S,, Y-axis beamwidth b, distance d between the
transmission unit and the reception unit, and acceptable level AL, the
computation unit 1452 assigns these values to Equation 1 and calculates an
optimum value, which 1s a minimum value of the X-axis beamwidth a
satisfying the relational equation 1. Or, when the operator selects the
Y-axis beamwidth as the item to be optimized and enters, through the data
input screen 14514, values of the transmission level SL, backscattering
intensity Sy, X-axis beamwidth a, distance d between the transmission unit
and the reception unit, and acceptable level AL, the computation unit 1452
assigns these values to Equation 1 and calculates an optimum value, which

1s a minimum value of the Y-axis beamwidth b satistying the relational

equation 1.

[0052]

Then, the setting unit 1453 in the control unit 14 controls
specifications of the transmission unit 11 and reception unit 12, based on
the known parameter values that have been entered by the operator and the

unknown parameter value that has been calculated (Step S204).
Specifically, the sctting unit 1453 adjusts the distance between the

transmission unit 11 and the reception unit 12 1n such a way that the
distance matches the value of the parameter d, by moving at lcast one of
the movable bodies 14531 and 14532 illustrated 1n Fig. 14. In addition,
the setting unit 1453 adjusts the shapes of a transmission beam for the
transmission unit 11 and a reception beam for the reception unit 12 in such
a way that the shapes match the parameters a and b, by giving instructions
to the transmission beam forming unit 14534 and the reception beam

forming unit 145335 illustrated in Fig. 15. The setting unit 1453 also
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controls the level of transmission by the transmission unit 11 1n such a way
that the level matches the parameter SL. Other specifications of the
transmission unit and the reception unit, including the orientation of a
beam and the like, may be set to fixed values 1n advance, or may be set to
predetermined states by the setting unit 1453 on a case-by-case basis.

[0053]

After the setting unit 1453 makes settings of specifications of the
transmission unit and the reception unit, a sound wave is transmitted and
received to detect the detection target object.

10054 ]

In this way, the present exemplary embodiment may achieve
controlling specifications of the transmission unit 11 and the reception unit
12 so as to reduce the effects of a scattered wave reaching the reception
unit 12 due to scattering caused by water, which constitutes the medium
through which a sound wave, 1.¢., wave, propagates. This 1s because the
control unit 14 controls specifications of the transmission unit 11 and the
reception unit 12 1in such a way that the specifications satisfy Equation 1,
which 1s an equation used for reducing the effects of a scattered wave
reaching the reception unit 12 due to scattering caused by the medium, the
control unit 14 having Equation 1, 1.e., the parameter SL representing the
level of transmission of the transmission unit 11, the parameter S,
representing a backscattering intensity of the medium, the parameters a and
b representing shapes of beams for the transmission unit 11 and reception
unit 12, the parameter d representing the distance between the transmission

unit and the reception unit, and the parameter AL representing an
acceptable level of transmission level.

|0053]
[Third Embodiment]

A third exemplary embodiment of the present invention will now be
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described.

(0056

While the second exemplary embodiment uses Equation 1 in Fig. 4
as the relational equation 1442, the present exemplary embodiment
cmploys Equation 15 shown i1n Fi1g. 17 as the relational equation 1442.
The following describes processes of deriving Equation 135.

|0057]

[Process of Deriving Equation 135]

As an indicator of indicating the ease of detecting the target, the
ratio of the level of reflection from the target to the level of reverberation
is considered. The level of reverberation 1s represented by R', which 1s
given in Equation 13 appearing in the processes of deriving Equation 1.
Thus, letting E be the level of reflection from the target, the indicator 1s
cxpressed as E/R'. The level E of reflection from the target 1s
proportional to Iy (sound intensity on an axis per unit distance). Thus,
E/R' 1s not dependent on Iy as seen 1n Equation 16 1n Fig. 17. That 1s,
E/R' 1s not dependent on SL. Given that E/R' 1s equal to or greater than a
predetermined threshold o, as a condition for reducing the effects of
reverberation, Equation 15 1n Fig. 17 is satisfied.

[0058]

In the present exemplary embodiment, Equation 15, which 1s used
as the relational equation 1442, has the parameter S, representing a
backscattering intensity of the medium, the parameters a, b representing
shapes of beams for the transmission unit 11 and reception unit 12, the
parameter d representing the distance between the transmission unit and

the reception unit, the parameter AL representing an acceptable level of the

transmission level, and a threshold a. Accordingly, the data input
screens 14512 to 14514 that are used by input unit 1451 need only replace
the input fields 145121, 145131, and 145141 for transmission level SL with
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an input field for threshold «.

[0059]
[Fourth Embodiment]

A fourth exemplary embodiment of the present invention will now
be described.

[0060]

In the present exemplary embodiment, a configuration for
horizontally omnidirectional transmission is described. While the second
exemplary embodiment uses Equation 1 1n Fig. 4 as the relational equation
1442, the present exemplary embodiment employs Equation 17 shown in
Fig. 18 as the relational equation 1442.

10061]

Equation 17 has seven parameters: SL, Sv, d, f, g, h, and AL. The
individual parameters represent as follows. SL is a transmission level of
the transmission unit 11, Sy = 10 logs, 1s a backscattering intensity, d 1s a
distance between the transmission unit 11 and the reception unit 12, f, g,
and h are shapes of beams for the transmission unit 11 and the reception
unit 12, and AL 1s an acceptable level of scatterihg level. In other words,
Equation 17 represents that a value of SL + Sv + 10 log (x°'* fgh / d) needs
to be equal to or less than AL so as to cause the level of a scattered wave
rcaching the reception unit 12 to be equal to or less than the acceptable
level AL. Thus, supposing that values of some parameters are known,
then the remaining unknown parameter value can be determined based on
the known values and Equation 17. For example, 1f SL, Sv, {, g, h, and
AL are given, an optimal value d is determined.

10062 ]

Fig. 19 1s a schematic diagram 1llustrating specifications of the
transmission unit 11 and reception unit 12 conceived for deriving Equation

17. The following describes processes of deriving Equation 17 referring
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to Fig. 19.

[0063]

[Process of Deriving Equation 17]

As 1llustrated in Fig. 19, the transmission unit 11 is disposed at a

position away from the origin of XYZ coordinates by the distance d in the
Z-axis direction, while the reception unit 12 is disposed at the origin.
The transmission beam 401 1s horizontally omnidirectional and beamwidth
thereof 1s f. The reception beam 402 is formed in the shape as illustrated
in F1g. 19, and has the horizontal beamwidth h and the vertical beamwidth
g. The following discussion is based on cylindrical coordinates.

10064 ]

Transmission 1s horizontally omnidirectional and defined by
Equation 18 1n Fig. 20. Reception 1s defined by Equation 19 in Fig. 20.

[00635]

A sound intensity on an axis per unit distance is denoted as Ij.
Since the distance from the transmission point of a coordinates (r, 0, z) 1s
(1’ + (z - d)z}”z, the intensity of a sound incoming to a micro volume
rdrd8dz at the coordinates (r, 0, z) 1s expressed as {I¢B3(r, 0, z) / {r2 + (z -
d)*}. Let S, =10 log sy be a backscattering intensity, then the scattering
intensity caused by the micro volume rdrd6dz at the reception point is
defined by Equation 20 1n Fig. 20. Since this is received with the beam
B4 (r, 6, z), an output voltage of the reception unit 12 is expressed by
Equation 21 in Fig. 20. The response 1s assumed to be 1 here. Thus,
reverberation R in the whole region 1s obtained by integrating Equation 21,
as represented by Equation 22 1n Fig. 20.

0066 ]

The above 1ntegration cannot be performed analytically, and thus an
approximation is made instead. The present exemplary embodiment is

based on the 1dea that reverberation 1s only dependent on being relative to
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the z axis, that is, reverberation is only dependent on r. Then, the above
integration is defined by Equatioq 23 1n Fig. 21.

[0067]

The integration defined by Equation 23 is performed as described
below. First, integration is pefformed with respect to z. The general
Gaussian integral is applicable here, as expressed by Equation 24 1n Fig.
21. Next, integration is performed with respect to 6.  Setting
coordinates in such a way that the beam center is at the center of an
integral range, and regarding a point distant from the center of the integral
range, 1.¢., 0 = 0, 2m, to be zero beam, the integtal of 0 £0 < 2m can be
replaced with the integral of -0 <6 <. Then, the integration with
respect to 8 is defined by Equation 25 1n Fig. 21.

[0068]

Accordingly, the integration of R' 1s defined by Equation 26 in Fig.
21. In addition, R" in Equation 26 is defined by Equation 27 in Fig. 22.
The integration with respect to R 1s defined by Equation 28 in Fig. 22
because the variable transformation (1 / r) =t leads to (- 1 / r%) dr = dt.
Therefore, R" 1s defined by Equation 29 in Fig. 22. The reverberation
level RL" on a logarithmic scale is defined by Equation 30 1n Fig. 22.

Equation 17 appearing above represents the condition that the

reverberation level RL" is equal to or less than an acceptable level AL.

The above are processes of deriving Equation 17.

[0069]

According to Equation 17, when SL, Sy, f, g, h, AL, and a, for
example, are given, an optimum distance between the transmission unit 11
and reception unit 12 1s determined. Likewise, when SL, Sy, d, g, h, AL,
and o, for example, are given, an optimum z-axis beamwidth (a type of
optimum beam shape) for the transmission unit 11 1s determined. As with

the second exemplary embodiment, known parameter values in Equation 17
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may be entered by the operator through a graphical user interface.
[0070]
[Fifth Embodiment]

A fifth exemplary embodiment of the present invention will now be

described.

[0071]
While the fourth exemplary embodiment uses Equation 17 in Fig. 18

as the relational equation 1442, the present exemplary embodiment
employs Equation 31 shown in Fig. 23 as the relational equation 1442.
The following describes processes of deriving Equation 31.

10072]

[Process of Deriving Equation 31]

As an indicator indicating the ease of detecting the target, the ratio
of the level of reflection from the target to the level of reverberation is
considered. The level of reverberation is represented by R", which is
given 1n Equation 29 appearing in the processes of deriving Equation 17.
Thus, letting E be the level of reflection from the target, the indicator

described above 1s expressed as E/R". The level E of the retlection from

“ee YAT.

the target is proportional to [y (sound intensity on an axis per unit distance).

Thus, E/R" 1s not dependent on Iy as seen in Equation 32 in Fig. 23. That
is, E/R" 1s not dependent on SL. Given that E/R" is equal to or greater
than a predetermined threshold o as a condition for reducing the effects of
reverberation, Equation 31 i1n Fig. 23 is satisfied.

[0073]
[Other Embodiments]

The present invention has been described above with some

exemplary embodiments, but the present invention 1s not limited to these

exemplary embodiments and allows various other additions or

modifications. For example, the present invention includes other
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exemplary embodiments as described below.

[0074]

For example, as illustrated in Fig. 24, the beam for the transmission
unit 11 (transmission beam) and the beam for the reception unit 12
(reception beam) differ in orientations so as to minimize a value obtained
by integrating the scatter intensity in the region where both beams are
overlapped. When the orientations of both beams are determined, the
determined beam orientations are the optimum beam orientations. Thus,
a relational equation may be developed, in view of beam orientations, for
the purpose of reducing the effects of a scattered wave reaching the
reception unit due to scattering caused by the medium through which a
wave propagates, and orientations of the beams for the transmission unit
and reception unit may be controlled so as to satisfy the relational equation.
Note that, however, attention needs to be paid to the position of the target,
which needs to be present in an overlapping region between the

transmission beam and the reception beam.

[0075]

According to the above-describéd exemplary embodiments, the
operator enters known parameter values among a plurality of parameters
included in the relational equation 1442. However, known parameter
values may in whole or in part (e.g., backscattering intensity, and the like)

be stored in the storing unit 144 as fixed values.

[0076]

[n addition, the above-described exemplary embodiments assume
that the present invention is applied to active sonar., However, the
present invention is not limited to active sonar, but may be applied to a
wide variety of devices, including radar or lidar devices, that detect targets
by transmitting waves such as sound waves, radio waves, or light waves

and receiving reflected waves from the target.
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The present invention has been described with reference to

exemplary embodiments (and examples), but the present invention is not
limited to these embodiments (and examples). Various modifications that
could be understood by those skilled in the art may be made to

5 configurations or details of the present invention within the scope of the

present invention.

10 [Reference signs List]
[0077]
10 Target detection device
11 Transmission unit
12 Reception unit
15 13 Detection unit
14 Control unit

15 Detection target object

CA 2950875 2017-11-17
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CLAIMS:

1. A target detection device comprising:
a transmission unit that transmits a wave;

a reception unit that receives a reflected wave of the wave, the reflected wave being

reflected from a detection target object;

a detection unit that detects the detection target object based on an output of the

reception unit; and
a control unit that:

selects, as an optimization target, beam shapes of the transmission unit and the

reception unit or a distance between the reception unit and the transmission unit,

obtains a transmission level of the transmission unit and a backscattering intensity

of a medium through which the wave propagates from input data,

calculates a level of a scattered wave by the medium reaching the reception unit
based on the transmission level, the backscattering intensity, the beam shapes and the

distance, and

determines the beam shapes or the distance in such a way that the level of the

scattered wave calculated is equal to or less than a threshold.
2. A target detection device comprising:

a transmission unit that transmits a wave;

a reception unit that receives a reflected wave of the wave, the reflected wave being

retlected from a detection target object;

a detection unit that detects the detection target object based on an output of the

reception unit; and

CA 2950875 2018-08-31
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a control unit that:

selects, as an optimization target, beam shapes of the transmission unit and the

reception unit or a distance between the reception unit and the transmission unit,

obtains a transmission level of the transmission unit and a backscattering intensity

of a medium through which the wave propagates from input data,

calculates a ratio of a level of a reflected wave from the detection target object to a
level of a scattered wave by the medium reaching the reception unit based on the transmission

level, the backscattering intensity, the beam shapes and the distance, and

determines the beam shapes or the distance in such a way that the ratio calculated is

equal to or greater than a threshold.
3. The target detection device according to claim 1 or 2, further comprising:

a moving object that moves at least one of the transmission unit and the reception

unit,

wherein the control unit causes the moving object to move based on the distance
determined.
4, The target detection device according to any one of claims 1 to 3, comprising:

a transmission beam forming unit that forms a transmission beam shape of the

transmission unit; and

a reception beam forming unit that forms a reception beam shape of the reception

unit,

wherein the control unit controls the transmission beam forming unit and the

reception beam forming unit based on the beam shapes determined.

5. A target detection method executed by a target detection device that includes a

transmission unit that transmits a wave, a reception unit that receives a reflected wave of the

CA 2950875 2018-08-31
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wave, the reflected wave being reflected from a detection target object, the target detection

method comprising:

selecting, as an optimization target, beam shapes of the transmission unit and the

reception unit or a distance between the reception unit and the transmission unit;

obtaining a transmission level of the transmission unit and a backscattering

intensity of a medium through which the wave propagates from input data;

calculating a level of a scattered wave by the medium reaching the reception unit
based on the transmission level, the backscattering intensity, the beam shapes and the

distance;

determining the beam shapes or the distance in such a way that the level of the

scattered wave calculated 1s equal to or less than a threshold; and
detecting the detection target object based on an output of the reception unit.

0. A target detection method executed by a target detection device that includes a
transmission unit that transmits a wave, a reception unit that receives a reflected wave of the
wave, the reflected wave being reflected from a detection target object, the target detection

method comprising:

selecting, as an optimization target, beam shapes of the transmission unit and the

reception unit or a distance between the reception unit and the transmission unit;

obtaining a transmission level of the transmission unit and a backscattering

intensity of a medium through which the wave propagates from input data;

calculating a ratio of a level of a reflected wave from the detection target object to a
level of a scattered wave by the medium reaching the reception unit based on the transmission

level, the backscattering intensity, the beam shapes and the distance; and

determining the beam shapes or the distance in such a way that the ratio calculated

1s equal to or greater than a threshold; and
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detecting the detection target object based on an output of the reception unait.

7. A non-transitory computer-readable medium storing a program comprising
executable instructions that cause a computer connected to a transmission unit that transmits a
wave and to a reception unit that receives a reflected wave of the wave, the retlected wave

being reflected from a detection target object, to function as a control unit that:

selects, as an optimization target, beam shapes of the transmission unit and the

reception unit or a distance between the reception unit and the transmission unit,

obtains a transmission level of the transmission unit and a backscattering intensity

of a medium through which the wave propagates from input data,

calculates a level of a scattered wave by the medium reaching the reception unit
based on the transmission level, the backscattering intensity, the beam shapes and the

distance, and

determines the beam shapes or the distance in such a way that the level of the

scattered wave calculated 1s equal to or less than a threshold.

8. A non-transitory computer-readable medium storing a program comprising
executable instructions that cause a computer connected to a transmission unit that transmits a
wave and to a reception unit that receives a reflected wave of the wave, the reflected wave

being reflected from a detection target object, to function as a control unit that:

selects, as an optimization target, beam shapes of the transmission unit and the

reception unit or a distance between the reception unit and the transmission unit,

obtains a transmission level of the transmission unit and a backscattering intensity

ot a medium through which the wave propagates from input data,

calculates a ratio of a level of a reflected wave from the detection target object to a
level of a scattered wave by the medium reaching the reception unit based on the transmission

level, the backscattering intensity, the beam shapes and the distance, and
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determines the beam shapes or the distance in such a way that the ratio calculated 1s

equal to or greater than a threshold.

CA 2950875 2018-08-31




CA 02950875 2016-11-30

1/21

El

LINM NOILO313d

¢l

104rd0 L3304Vl
NOILO414d

LINM

LIN
N NOILd3O3Y NOISSINSNYY 1

L1

LIN TOHLNOD

14!
JO0IA3A NOILD3 1340 13DHVL

V1iVvd LNdNI Ol

E



CA 02950875 2016-11-30

2/21

Fig. 2
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Fig. 3
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Fig. 8
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Fig. 16
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Fig. 24
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