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(57) Provided is an electronic device configured to
transmit, as a transmission wave, a radio wave whose
frequency changes over time from a plurality of transmit-
ting antennas. The electronic device includes a phase
controller. The phase controller controls a phase of at
least one of transmission waves transmitted from a plu-

rality of transmitting antennas so that the phases of re-
spective transmission waves transmitted from the trans-
mitting antennas are aligned in a predetermined direc-
tion. Further, the phase controller adjusts the phase of
at least one of transmission waves on the basis of a fre-
quency of the transmission wave.
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Description

CROSS-REFERENCE TO RELATED APPLICATION

[0001] The present application claims priority to and the benefit of Japanese Patent Application Nos. 2018-137184
filed on July 20, 2018 and 2018-179122 filed on September 25, 2018, the entire contents of which are incorporated
herein by reference.

TECHNICAL FIELD

[0002] The present disclosure relates to an electronic device, a control method of the electronic device and a control
program of the electronic device.

BACKGROUND

[0003] In a field such as an industry related to automobiles, for example, technology for measuring a distance between
an own vehicle and an object is regarded as important. In particular, in recent years, various studies have been conducted
on a radar (RADAR: Radio Detecting and Ranging) technology for measuring a distance to an object by transmitting
radio waves such as millimeter-waves and receiving reflection waves reflected from an object such as an obstacle. It is
expected that the importance of such technology for measuring a distance will increase in the future with the development
of the technology for assisting the driver’s driving and the technology related to autonomous driving that automates a
part or all of the driving. As such a technology, for example, Patent Literature 1 (PL1) discloses formation of a multi-
beam over the multiple operating frequency bands using a phase array antenna.

CITATION LIST

Patent Literature

[0004] PTL 1: JP2015-005994 (A)

SUMMARY

(Solution to Problem)

[0005] An electronic device according to an embodiment transmits, as transmission waves, radio waves whose fre-
quency changes over time from a plurality of transmitting antennas.
[0006] The electronic device includes a phase controller.
[0007] The phase controller controls a phase of at least one of transmission waves transmitted from the transmitting
antennas so that phases of respective reflection waves transmitted from the transmitting antennas are aligned.
[0008] Further, the phase controller adjusts the phase of at least one of transmission waves on the basis of a frequency
of the transmission wave.
[0009] A control method of the electronic device according to an embodiment includes the following steps from (1) to (3):

(1) a transmission step of transmitting, as transmission waves, radio waves whose frequency changes over time
from a plurality of transmitting antennas;
(2) a phase control step of controlling a phase of at least one of transmission waves transmitted from the transmitting
antennas so that phases of respective reflection waves transmitted from the transmitting antennas are aligned in a
predetermined direction; and
(3) a phase adjustment step of adjusting a phase of at least one of the transmission waves based on a frequency
of the transmission wave.

[0010] A control program of the electronic device according to an embodiment causes a computer to execute the
above steps from (1) to (3).
[0011] An electronic device according to an embodiment transmits, as transmission waves, radio waves whose fre-
quency changes over time from a plurality of transmitting antennas.
[0012] The controller includes a phase controller.
[0013] The phase controller controls a phase of at least one of transmission waves transmitted from the transmitting
antennas.
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[0014] The phase controller adjusts, based on a result of receiving, by a receiving antenna, each of reflection waves
of the transmission waves transmitted from the transmitting antennas, the phase of at least one of transmission waves
so that phases of respective reflection waves received by the receiving antenna are aligned.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] In the accompanying drawings:

FIG. 1 is a diagram illustrating a transmission wave of an electronic device according to an embodiment;
FIG. 2 is a functional block diagram schematically illustrating a configuration of the electronic device according to
an embodiment;
FIG. 3 is a diagram illustrating an example of the transmission wave transmitted by the electronic device according
to an embodiment;
FIG. 4 is a diagram illustrating another example of a transmission wave transmitted by the electronic device according
to an embodiment;
FIG. 5 is a diagram illustrating still another example of a transmission wave transmitted by the electronic device
according to an embodiment;
FIG. 6 is a diagram illustrating yet another example of a transmission wave transmitted by the electronic device
according to an embodiment;
FIG. 7 is a diagram illustrating a transmission wave transmitted by the electronic device according to an embodiment;
FIG. 8 is a flowchart illustrating operation of the electronic device according to an embodiment;
FIG. 9 is a functional block diagram schematically illustrating a configuration of an electronic device according to
another embodiment; and
FIG. 10 is a flowchart illustrating operation of the electronic device according to another embodiment.

DETAILED DESCRIPTION

[0016] Conventionally, in a technical field such as wireless communication, a technique for forming a beam of trans-
mission waves transmitted from a plurality of transmitting antennas (beamforming) is known. With beamforming, a
reachable distance of radio wave can be extended, for example, by forming a beam of transmission waves transmitted
from a plurality of transmitting antennas into a predetermined direction. When a beam of transmission waves transmitted
from a plurality of transmitting antennas is formed, if the beam can be precisely directed in a predetermined direction,
it will contribute to improvement of accuracy of measuring a distance to a surrounding object. It is therefore an object of
the present disclosure to provide an electronic device that contributes to improvement of accuracy of measuring an
object, a control method of the electronic device and a control program of the electronic device. According to an em-
bodiment, an electronic device that contributes to improvement of accuracy of measuring an object, a control method
of the electronic device and a control program of the electronic device can be provided. An embodiment will be described
in detail below with reference to drawings.
[0017] An electronic device according to an embodiment measures a distance between an object existing around a
sensor and the sensor by a sensor mounted on a vehicle such as an automobile, for example. The sensor may transmit,
as detection waves, transmission waves such as radio waves from a transmitting antenna. Further, the sensor may
receive reflection waves of the transmission waves reflected by an object by a receiving antenna. The sensor may include
at least one of the transmitting antenna and the receiving antenna. The electronic device according to an embodiment
may measure a distance between a sensor and an object based on transmission waves transmitted by the transmitting
antenna and reflection waves received by the receiving antenna.
[0018] A configuration in which an electronic device according to an embodiment is mounted on an automobile such
as a passenger car will be described below, as a typical example. However, an object on which the electronic device
according to an embodiment is mounted is not limited to automobiles and the like. The electronic device according to
an embodiment may be mounted on various moving bodies such as a self-driving car, a bus, a truck, a motorcycle, a
bicycle, a ship, an aircraft, an agricultural vehicle such as a tractor, a fire engine, an ambulance, a police vehicle, a snow
removal vehicle, a road cleaning vehicle, a drone and a pedestrian. Further, an object on which the electronic device
according to an embodiment is mounted is not necessarily limited to a moving body that moves by itself. The electronic
device according to an embodiment can measure a distance between a sensor and an object in a situation where at
least one of the sensor and the object can move. Further, the electronic device according to an embodiment can measure
a distance between a sensor and an object even if both the sensor and the object are stationary.
[0019] FIG. 1 illustrates a usage aspect of the electronic device according to an embodiment. FIG. 1 illustrates an
example in which a sensor 40 including a transmitting antenna according to an embodiment is mounted on a moving body.
[0020] The sensor 40 is mounted on a moving body 100 illustrated in FIG. 1. Further, it is assumed that the moving
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body 100 illustrated in FIG. 1 is equipped with (for example, incorporates) the electronic device according to an embod-
iment. The moving body 100 illustrated in FIG. 1 may be an automobile vehicle such as a passenger car, but may also
be any type of moving body. In FIG. 1, the moving body 100 may move (travel or move slowly) in the Y-axis positive
direction (traveling direction) illustrated in FIG. 1, may move in another direction, or may be stationary without moving.
[0021] As illustrated in FIG. 1, the sensor 40 is mounted on the moving body 100. Further, FIG. 2 illustrates an electronic
device 1 having the sensor 40 and an ECU 50. In the example illustrated in FIG. 1, only one sensor 40 is mounted on
the front of the moving body 100. Here, the position where the sensor 40 is mounted on the moving body 100 is not
limited to the position illustrated in FIG. 1, and may be mounted appropriately on other positions. For example, the sensor
40 as illustrated in FIG. 1 may be mounted on the left side, the right side, and/or the rear side of the moving body 100.
Further, the number of such a sensor may be any number greater than one according to various conditions (or require-
ments) such as measurement range and/or accuracy of the moving body 100. Further, the sensor 40 may be mounted
inside or outside of the moving body 100. The inside of the moving body 100 may be, for example, the inside of the
body, the inside of the bumper, the inside of the headlight or the space in the vehicle or any combination thereof.
[0022] The sensor 40 transmits radio waves as transmission waves. For example, when a predetermined object exists
around the moving body 100, at least a part of the transmission waves transmitted from the sensor 40 are reflected from
the object and will be reflection waves. Then, the electronic device 1 mounted on the moving body 100 receives such
reflection waves and thus can detect the object.
[0023] The electronic device 1 mounted on the moving body 100 illustrated in FIG. 1 transmits transmission waves
from the transmitting antenna mounted on the sensor 40 and thus can detect an object existing within a predetermined
distance in front of the moving body 100, for example. In this manner, the electronic device 1 can detect a predetermined
object existing around the moving body 100. Specifically, the electronic device 1 can detect a presence of a predetermined
object around the moving body 100. Further, the electronic device 1 can measure the distance between the moving
body 100, which is an own vehicle, and a predetermined object. Moreover, the electronic device 1 can also measure
the azimuth from the moving body 100, which is an own vehicle, to a predetermined object. Further, the electronic device
1 can estimate the relative velocity between the moving body 100, which is an own vehicle, and a predetermined object.
[0024] Here, a predetermined object may be at least one of an oncoming vehicle traveling in a lane adjacent to the
moving body 100, a vehicle traveling in parallel with the moving body 100, and a vehicle traveling in front of or behind
the moving body 100 in the same lane, for example. Further, a predetermined object may be any object existing around
the moving body 100, such as a motorcycle, a bicycle, a stroller, a pedestrian, a guardrail, a median strip, a road sign,
a step on a sidewalk, a wall, a manhole, or an obstacle. In the present disclosure, objects detected by the sensor 40
include not only inanimate objects but also organisms such as humans and animals. Objects detected by the sensor of
the present disclosure include targets including people, objects, animals, etc., which are detected by radar technology.
[0025] Further, FIG. 1 schematically illustrates a state where transmission waves transmitted from a transmitting
antenna mounted on the moving body 100 form radio wave beams. As described below, the transmitting antenna is
composed of a plurality of transmitting antennas. The sensor 40 including the transmitting antennas may typically a
radar (RADAR: Radio Detecting and Ranging) sensor configured to transmit and receive radio waves. However, the
sensor 40 is not limited to a radar sensor. The sensor 40 according to an embodiment may be a sensor based on LIDAR
(Light Detection and Ranging, Laser Imaging Detection and Ranging) technology by light waves, for example. Such
sensors can be configured by including, for example, a patch antenna, for example. Since technologies such as RADAR
and LIDAR have already been known, detailed description may be simplified or omitted as appropriate.
[0026] As illustrated in FIG. 1, the sensor 40 mounted on the front of the moving body 100 can form a beam B1 of
transmission waves in front of the moving body 100, for example (beamforming). At this time, the electronic device 1
controls a phase of each transmission wave so that the phases of respective transmission waves transmitted from the
transmitting antenna (a plurality of transmitting antennas) are aligned in the forward direction (Y-axis positive direction)
of the moving body 100. In this manner, a plurality of transmission waves strengthen each other in the forward direction
(Y-axis positive direction) of the moving body 100 and form the beam B1 of radio waves. As described above, by adopting
the beamforming technology, accuracy of measuring a distance to a predetermined object detected by transmission
waves can be improved. In addition, with beamforming, a reachable range of transmission waves can be extended.
[0027] Further, the electronic device 1 can change the direction of the beam of transmission waves by appropriately
controlling the phase of the transmission waves transmitted from the transmitting antenna (a plurality of antennas). For
example, the electronic device 1 can also control a phase of each transmission wave so that the phases of respective
transmission waves transmitted from the transmitting antennas are aligned in the front left direction (the left side in the
Y-axis positive direction) of the moving body 100. In this manner, a plurality of transmission waves strengthen each
other in the front left direction (the left side in the Y-axis positive direction) of the moving body 100 and form a beam B2
of radio waves. Further, the electronic device 1 can also control a phase of each transmission wave so that the phases
of respective transmission waves transmitted from the transmitting antennas are aligned in the front right direction (the
right side in the Y-axis positive direction) of the moving body 100. In this manner, a plurality of transmission waves
strengthen each other in the front right direction (the right side in the Y-axis positive direction) of the moving body 100
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and form a beam B3 of radio waves The electronic device 1 can direct the beam of transmission waves transmitted from
the transmitting antennas in various directions, other than the beams B1-B3 illustrated in FIG. 1, by appropriately changing
the phase of transmission wave. It is to be noted that, in the present disclosure, the phase is a variable representing a
position of the cycle of electromagnetic wave, and may be, for example, a quantity corresponding to an angle when the
electromagnetic wave is represented by a sine function.
[0028] As illustrated in FIG. 1, when an object 200 exists around the moving body 100, for example, the electronic
device 1 can control so that the transmission waves transmitted from the transmitting antennas form the beam B3. In
this manner, the electronic device 1 can measure the angle (e.g., azimuth) from the transmitting antenna to the object
200 by controlling the beam direction of the transmission waves. With beamforming, the accuracy of measuring an angle
toward a predetermined object can be improved by controlling the radiating direction of the transmission waves.
[0029] In FIG. 1, the size of the sensor 40 is not necessarily indicated by the actual ratio with respect to the size of
the moving body 100. FIG. 1 illustrates a state where the sensor 40 is mounted outside the moving body 100. However,
in an embodiment, the sensor 40 may be mounted on various positions of the moving body 100. For example, in an
embodiment, the sensor 40 may be mounted inside the moving body 100, for example, inside the bumper, so as not be
seen from outside. Further, FIG. 1 schematically illustrates beams B1-B3 formed by the transmission waves transmitted
from the sensor 40. Further, the position of the moving body 100 on which the sensor 40 is mounted may be either
outside or inside of the moving body 100 or both. The inside of the moving body 100 may include, for example, inside
the body of the moving body 100, inside the bumper, in the headlight or the interior space. The outside of the moving
body 100 includes, for example, the surface of the body of the moving body 100, the surface of a bumper, the surface
of a headlight, and the like.
[0030] As a typical example, the sensor 40 will be described below assuming that it transmits radio waves in a frequency
band of millimeter-waves (30 GHz or higher) or quasi-millimeter-waves (e.g., around 20 GHz-30 GHz). In the present
disclosure, for example, as the millimeter-wave, a so-called 79 GHz band (77 GHz or higher, 81 GHz or lower) millimeter-
wave can be used. The electronic device 1 can calculate the distance between the moving body 100 on which the sensor
40 is mounted and a predetermined object existing around the moving body 100 by transmitting and receiving millimeter-
waves. Further, the electronic device 1 can also calculate the position of a predetermined object existing around the
moving body 100 on which the sensor 40 is mounted by transmitting and receiving millimeter-waves. Further, the electronic
device 1 can also calculate the angle toward a predetermined object existing around the moving body 100 on which the
sensor 40 is mounted by transmitting and receiving millimeter-waves. Moreover, the electronic device 1 can also calculate
the relative velocity between the moving body 100 on which the sensor 40 is mounted and a predetermined object
existing around the moving body 100 by transmitting and receiving millimeter-waves. It is to be noted that, in the present
disclosure, the descriptions of A GHz-B GHz and A-B GHz with A and B as any numbers mean A GHz or more and less
than B GHz. In the present disclosure, for example, millimeter-waves of 81 GHz or higher may be used as millimeter-
waves.
[0031] FIG. 2 is a functional block diagram schematically illustrating a configuration of the electronic device according
to an embodiment. A configuration of the electronic device according to an embodiment will be described below.
[0032] When measuring a distance or the like with a millimeter-wave radar, a frequency-modulated continuous wave
radar (hereinafter referred to as FMCW radar) is often used. The FMCW radar sweeps the frequency of radio wave to
be transmitted to generate a transmission signal. Therefore, in a millimeter-wave FMCW radar that uses radio wave in
the frequency band of 79 GHz, for example, the frequency of the radio wave used has a frequency bandwidth 4 GHz
such as 77 GHz-81 GHz, for example. The radar in the frequency band 79 GHz is characterized by a usable frequency
bandwidth wider than other millimeter-wave/quasi-millimeter-wave radars such as the frequency bands 24 GHz, 60 GHz,
and 76 GHz. Such an embodiment will be described below.
[0033] As illustrated in FIG. 2, the electronic device 1 according to an embodiment is composed of the sensor 40 and
an ECU (Electronic Control Unit) 50. It is to be noted that the electronic device 1 according to the present disclosure
may not include the ECU 50 and may have the sensor 40. The ECU 50 controls various operations of the moving body
100. The ECU 50 may be composed of at least one or more ECUs. The electronic device 1 according to an embodiment
includes a controller 10. Further, the electronic device 1 according to an embodiment may include, as appropriate, other
function parts, such as at least one of a transmitter 20 and receivers 30A to 30N (N is an arbitrary natural number (the
same applies hereinafter)). As illustrated in FIG. 2, the electronic device 1 may include a plurality of receivers such as
receivers 30A to 30N. Hereinafter, when the receiver 30A, the receiver 30B and the receiver 30N are not distinguished
from each other, they are simply referred to as "receiver 30."
[0034] The controller 10 may include a range FFT processor 11, a speed FFT processor 12, an arrival angle estimator
13, an object detector 14, a detection range determining portion 15 and a parameter setting portion 16. These function
parts included in the controller 10 will be further described in detail below. Further, as illustrated in FIG. 2, in an embod-
iment, the controller 10 may be connected to a memory 18.
[0035] As illustrated in FIG. 2, the transmitter 20 may include a signal generator 21, a synthesizer 22, phase controllers
23A and 23B, amplifiers 24A and 24B and transmitting antennas 25A and 25B. Hereinafter, when the phase controller
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23A and the phase controller 23B are not distinguished from each other, they are simply referred to as "phase controller
23." Further, when the amplifier 24A and the amplifier 24B are not distinguished from each other, they are simply referred
to as "amplifier 24." Moreover, when the transmitting antenna 25A and the transmitting antenna 25B are not distinguished
from each other, they are simply referred to as "transmitting antenna 25."
[0036] As illustrated in FIG. 2, the receivers 30 may include respective corresponding receiving antennas 31A, 31B-
31N. Hereinafter, when the receiving antenna 31A, the receiving antenna 31B and the receiving antenna 31N are not
distinguished from each other, they are simply referred to as "receiving antenna 31." Further, as illustrated in FIG. 2,
each of the receivers 30 may include an LNA 32, a mixer 33, an IF 34 and an AD converter 35. Each of the receivers
30A, 31B-30N may have the same configuration. FIG. 2 schematically illustrates, as a representative example, a con-
figuration of only the receiver 30A.
[0037] The above described sensor 40 may include the transmitting antenna 25 and the receiving antenna 31, for
example. Further, the sensor 40 may appropriately include at least one of other function parts such as the controller 10.
[0038] The controller 10 included in the electronic device 1 of an embodiment can control operation of the entire
electronic device 1 including control of each function part constituting the electronic device 1. The controller 10 may
include at least one processor, such as a central processing unit (CPU) to provide control to execute various functions
and processing power. The controller 10 may be realized collectively by one processor, by some processors, or by each
individual processor. The processor may be realized as a single integrated circuit. The processor may be realized as a
plurality of communicably connected integrated circuits and discrete circuits. The processor may be realized on the basis
of various other known techniques. In an embodiment, the controller 10 may be configured as, for example, a CPU and
a program executed by the CPU. The controller 10 may appropriately include a memory necessary for operating the
controller 10. In FIG. 2, in addition to the controller 10, one or more controllers that control the operation of the electronic
device 1 may be included.
[0039] The memory 18 may store programs executed by the controller 10 and the results of processing executed by
the controller 10. Further, the memory 18 may function as a working memory for the controller 10. The memory 18 can
be configured as a semiconductor memory, a magnetic memory, or the like, but is not limited thereto, and may be any
storage device. Further, for example, the memory 18 may be a storage medium such as a memory card inserted in the
electronic device 1 according to the present embodiment. In addition, as described above, the memory 18 may be an
internal memory of the CPU used as the controller 10.
[0040] In an embodiment, the memory 18 may store various parameters for setting a range for detecting an object by
transmission waves T transmitted from the transmitting antennas 25 and reflection waves R received by the receiving
antennas 31. Such parameters will be further described below.
[0041] In the electronic device 1 of an embodiment, the controller 10 can control at least one of the transmitter 20 and
the receiver 30. In this case, the controller 10 may control at least one of the transmitter 20 and the receiver 30 on the
basis of various kinds of information stored in the memory 18. Further, in the electronic device 1 according to an
embodiment, the controller 10 may instruct the signal generator 21 to generate a signal, or may control the signal
generator 21 to generate a signal.
[0042] The signal generator 21 generates a signal (transmission signal) transmitted as a transmission wave T from
the transmitting antenna 25 under the control of the controller 10. When generating a transmission signal, the signal
generator 21 may assign the frequency of the transmission signal, for example, on the basis of control by the controller
10. Specifically, the signal generator 21 may assign the frequency of the transmission signal according to the parameters
set by the parameter setting portion 16. For example, the signal generator 21 receives frequency information from the
controller 10 (the parameter setting portion 16) to generate a signal with a predetermined frequency in a frequency band
of 77-81 GHz, for example. The signal generator 21 may be configured by including a function part such as a voltage-
controlled oscillator (VOC), for example.
[0043] The signal generator 21 may be configured as hardware having the above described function, for example, as
a microcomputer or the like, or as a processor such as a CPU and a program executed by the processor, and the like.
Each function part described below may also be configured as hardware having the function, and if possible, may be
configured by, for example, a microcomputer, or may be configured by a processor such as a CPU and a program
executed by the processor.
[0044] In the electronic device 1 according to an embodiment, the signal generator 21 may generate transmission
signals (transmission chirp signals) such as chirp signals, for example. In particular, the signal generator 21 may generate
signals whose frequency changes periodically and linearly (linear chirp signals). For example, the signal generator 21
may generate chirp signals whose frequency increases periodically and linearly from 77 GHz to 81 GHz over time.
Further, for example, the signal generator 21 may generate signals in which the frequency periodically repeats a linear
increase (up chirp) and decrease (down chirp) from 77 GHz to 81 GHz over time. The signals generated by the signal
generator 21 may be preset in the controller 10, for example. Further, the signals generated by the signal generator 21
may be stored in advance in the memory 18, for example. Since chirp signals used in the technical field such as radar
are known, more detailed description will be simplified or omitted as appropriate. The signals generated by the signal
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generator 21 are supplied to the synthesizer 22. The chirp signals may be discrete. The amplitudes of chirp signals may
be different from each other. The cycles of chirp signals may be different from each other. A group of a plurality of chirp
signals may be regarded as one frame. Further, a group of a plurality of chirp signals in this frame may be regarded as
a sub-frame.
[0045] The synthesizer 22 raises the frequency of the signals generated by the signal generator 21 to the frequency
in a predetermined frequency band. The synthesizer 22 may raise the frequency of the signals generated by the signal
generator 21 to the frequency selected as the frequency of the transmission waves T transmitted from the transmitting
antenna 25. The frequency selected as the frequency of the transmission waves T transmitted from the transmitting
antenna 25 may be set, for example, by the controller 10. For example, the frequency selected as the frequency of the
transmission waves T transmitted from the transmitting antenna 25 may be the frequency selected by the parameter
setting portion 16. Further, the frequency selected as the frequency of the transmission waves T transmitted from the
transmitting antenna 25 may be stored in the memory 18, for example. The signals whose frequency is increased by
the synthesizer 22 are supplied to the phase controller 23 and the mixer 33. When more than one phase controllers 23
are used, the signals whose frequency is increased by the synthesizer 22 may be supplied to each of the phase controllers
23. Further, when more than one receivers 30 are used, the signals whose frequency is increased by the synthesizer
22 may be supplied to each mixer 33 of the receivers 30.
[0046] The phase controller 23 controls a phase of transmission signals supplied from the synthesizer 22. Specifically,
the phase controller 23 may adjust a phase of the transmitted signals by appropriately advancing or delaying the phase
of the signals supplied from the synthesizer 22 on the basis of control by the controller 10, for example. In this case, the
phase controller 23 may adjust a phase of each transmission signal on the basis of the path difference of each transmission
wave T transmitted from a plurality of transmitting antennas 25. The transmission waves T transmitted from a plurality
of transmitting antennas 25 strengthen each other in a predetermined direction to form a beam (beamforming) when the
phase controller 23 appropriately adjusts the phase of each transmission signal. In this case, the correlation between
the beamforming direction and the phase quantity to be controlled of the transmission signals transmitted by each of
the transmitting antennas 25 may be stored in the memory 18, for example. The transmission signals whose phase is
controlled by the phase controller 23 are supplied to the amplifier 24. The phase controller 23 controls a phase of at
least one of transmission waves transmitted from the transmitting antenna 25 so that the phases of respective transmission
waves transmitted from the transmitting antenna 25 are aligned in a predetermined direction. In the present disclosure,
"the phases of respective transmission waves transmitted from the transmitting antenna 25 are aligned in a predetermined
direction" means that the phases of respective transmission waves transmitted from the transmitting antenna 25 will be
the same value, or the phases of respective transmission waves transmitted from the transmitting antenna 25 will be a
value shifted by 2Nπ [rad] or n 3 360° , where n is any integer.
[0047] The amplifier 24 amplifies the power (electrical power) of the transmission signals supplied from the phase
controller 23 on the basis of control by the controller 10, for example. When the sensor 40 includes a plurality of transmitting
antennas 25, a plurality of amplifiers 24 may amplify the power (electrical power) of the transmission signals supplied
from the corresponding one of the phase controllers 23 on the basis of control by the controller 10, for example. Since
the technique itself for amplifying the power of the transmission signal is already known, a more detailed description will
be omitted. The amplifier 24 is connected to the transmitting antenna 25.
[0048] The transmitting antenna 25 outputs (transmits) the transmission signals amplified by the amplifier 24 as trans-
mission waves T. When the sensor 40 includes a plurality of transmitting antennas 25, each of the transmitting antennas
25 may output (transmit) transmission signals amplified by the corresponding amplifier as transmission waves T. Since
the transmitting antenna 25 can be configured in the same manner as the transmitting antenna 25 used for known radar
technology, a more detailed description will be omitted.
[0049] In this manner, the electronic device 1 according to an embodiment includes the transmitting antenna 25, and
can transmit transmission signals (e.g., chirp signals), as transmission waves T, from the transmitting antenna 25. Here,
at least one of function parts constituting the electronic device 1 may be placed in a housing. Further, in this case, the
housing may have a structure that cannot be easily opened. For example, the transmitting antenna 25, the receiving
antenna 31 and the amplifier 24 may be placed in a housing, and the housing may have a structure that cannot be easily
opened. Moreover, here, when the sensor 40 is mounted on a moving body 100 such as an automobile, the transmitting
antenna 25 may transmit transmission waves T to the outside of the moving body 100 via a cover member such as a
radar cover. In this case, the radar cover may be made of a substance that allows electromagnetic waves to pass through,
such as synthetic resin or rubber. This radar cover may be a housing of the sensor 40, for example. Covering the
transmitting antenna 25 with a member such as a radar cover may reduce the risk that the transmitting antenna 25 will
be damaged or that malfunction will occur due to contact with the outside. The above described radar cover and housing
may also be referred to as a radome.
[0050] FIG. 2 illustrates an example where the electronic device 1 includes two transmitting antennas 25. However,
in an embodiment, the electronic device 1 may include any number of transmitting antennas 25. Further, in an embodiment,
the electronic device 1 may include a plurality of transmitting antennas 25 when the transmission waves T transmitted
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from the transmitting antennas 25 form a beam in a predetermined direction. In an embodiment, the electronic device
1 may include any multiple number of transmitting antennas 25. In this case, the electronic device 1 may include a
plurality of phase controllers 23 and a plurality of amplifiers 24 corresponding to a plurality of transmitting antennas 25.
Further, a plurality of phase controllers 23 may control each phase of transmission waves supplied from the synthesizer
22 and transmitted from a plurality of transmitting antennas 25. Further, a plurality of amplifiers 24 may amplify each
power of transmission signals transmitted from a plurality of transmitting antennas 25. In this case, the sensor 40 is
configured by including a plurality of transmitting antennas 25. In this manner, when the electronic device 1 illustrated
in FIG. 2 includes a plurality of transmitting antennas 25, it may also include a plurality of function parts necessary for
transmitting transmission waves T from the transmitting antennas 25.
[0051] The receiving antenna 31 receives reflection waves R. The reflection waves R are the transmission waves T
reflected from a predetermined object 200. The receiving antenna 31 may be composed of a plurality of antennas such
as a receiving antenna 31A to a receiving antenna 31N, for example, where N is any integer of 2 or more. The receiving
antenna 31 can be configured in the same manner as the receiving antenna used for known radar technology, thus more
detailed description will be omitted. The receiving antenna 31 is connected to the LNA 32. The reception signals based
on the reflection waves R received by the receiving antenna 31 are supplied to the LNA 32.
[0052] The electronic device 1 according to an embodiment can receive reflection waves R, which are transmission
waves T transmitted as transmission signals such as chirp signals (transmission chirp signal) from a plurality of receiving
antennas 31 and reflected by a predetermined object 200. In this manner, when the transmitted chirp signals are trans-
mitted as transmission waves T, the reception signals based on the received reflection waves R are referred to as
reception chirp signals. That is, the electronic device 1 receives, as reflection waves R, reception signals (e.g., reception
chirp signals) from the receiving antennas 31. Here, when the sensor 40 is mounted on a moving body 100 such as an
automobile, the receiving antenna 31 may receive reflection waves R from outside of the moving body 100 via a cover
member such as a radar cover, for example. In this case, the radar cover may be made of a substance, such as synthetic
resin or rubber, that allows electromagnetic waves to pass through. This radar cover may be a housing of the sensor
40, for example. Covering the receiving antenna 31 with a member such as a radar cover can reduce the risk that the
receiving antenna 31 will be damaged or that malfunction will occur due to contact with the outside. The radar cover
and the housing may also be referred to as a radome.
[0053] Further, when the receiving antenna 31 is mounted in the vicinity of the transmitting antenna 25, they may be
collectively included in one sensor 40. That is, one sensor 40 may include at least one transmitting antenna 25 and at
least one receiving antenna 31. For example, one sensor 40 may include a plurality of transmitting antennas 25 and a
plurality of receiving antennas 31. In this case, one radar sensor may be covered by a cover member such as one radar
cover.
[0054] The LNA 32 amplifies reception signals based on reflection waves R received by the receiving antenna 31 with
low noise. The LNA 32 may be a low noise amplifier, which amplifies reception signals supplied from the receiving
antenna 31 with low noise. The reception signals amplified by the LNA 32 are supplied to the mixer 33.
[0055] The mixer 33 generates beat signals by mixing (multiplying) the reception signals of RF frequency supplied
from the LNA 32 with the transmission signals supplied from the synthesizer 22. The beat signals mixed by the mixer
33 are supplied to the IF34.
[0056] The IF 34 reduces the frequency of the beat signals to the intermediate frequency (IF) by performing frequency
conversion on the beat signals supplied from the mixer 33. The beat signals whose frequency is lowered by the IF 34
are supplied to the AD converter 35.
[0057] The AD converter 35 digitizes analog beat signals supplied from the IF 34. The AD converter 35 may be
composed of any analog-to-digital converter (ADC) circuit. Beat signals digitized by the AD converter 35 are supplied
to the range FFT processor 11 of the controller 10. When more than one receiver 30 is used, beat signals digitized by
AD converters 35 may be supplied to the range FFT processor 11.
[0058] The range FFT processor 11 estimates the distance between the moving body 100 equipped with the electronic
device 1 and the object 200 on the basis of beat signals supplied from the AD converter 35. The range FFT processor
11 may include a processor configured to perform Fast Fourier Transform, for example. In this case, the range FFT
processor 11 may be composed of any circuit or chip that performs Fast Fourier Transform (FFT) processing.
[0059] The range FFT processor 11 performs FFT processing on the beat signals digitized by the AD converter 35
(hereinafter appropriately referred to as "range FFT processing"). For example, the range FFT processor 11 may perform
FFT processing on the complex signals supplied from the AD converter 35. The beat signals digitized by the AD converter
35 can be expressed as a change in signal strength (electrical power) over time. The range FFT processor 11 can
express such beat signals as signal strength (electrical power) corresponding to each frequency by performing FFT
processing on such beat signals. When a peak is equal to or greater than a predetermined threshold in the result obtained
by the range FFT processing, the range FFT processor 11 may determine that the predetermined object 200 is present
at the distance corresponding to the peak. For example, in a known method, when a peak value equal to or greater than
a threshold is detected from the average power or amplitude of a disturbance signal, like the constant false alarm rate
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(CFAR) detection processing, it is determined that an object (reflection object) that reflects transmission waves exists.
[0060] In this manner, the electronic device 1 of an embodiment can detect the object 200 that reflects transmission
waves T, on the basis of transmission signals transmitted as transmission waves T and reception signals received as
reflection waves R.
[0061] The range FFT processor 11 can estimate the distance to a predetermined object on the basis of on one chirp
signal (e.g., c1 illustrated in FIG. 3). That is, the electronic device 1 can measure (estimate) the distance between the
object 200 and the moving body 100 illustrated in FIG. 1 by performing the range FFT processing. Since the technique
itself for measuring (estimating) the distance to a predetermined object by performing the FFT processing on the beat
signals is known, a more detailed description will be simplified or omitted as appropriate. The result of the range FFT
processing performed by the range FFT processor 11 (e.g., the distance information) may be supplied to the speed FFT
processor 12. Further, the result of the range FFT processing performed by the range FFT processor 11 may be supplied
also to the object detector 14.
[0062] The speed FFT processor 12 estimates the relative velocity between the moving body 100 equipped with the
electronic device 1 and the object 200 on the basis of the beat signals subjected to the range FFT processing by the
range FFT processor 11. The speed FFT processor 12 may include a processor configured to perform FFT, for example.
In this case, the speed FFT processor 12 may be composed of any circuit or chip that performs a fast fourier transform
(FFT) processing.
[0063] The speed FFT processor 12 further performs FFT processing on the beat signals subjected to range FFT
processing by the range FFT processor 11 (hereinafter, appropriately referred to as "speed FFT processing"). For
example, the peed FFT processor 12 may perform FFT processing on the complex signals supplied from the range FFT
processor 11. The speed FFT processor 12 can estimate the relative velocity to a predetermined object on the basis of
the subframe of chirp signals. When the beat signals are subjected to the range FFT processing as described above, a
plurality of vectors can be generated. The relative velocity to a predetermined object can be estimated by obtaining the
phase of a peak in the result of performing the speed FFT processing on these vectors. That is, the electronic device 1
can measure (estimate) the relative velocity between the moving body 100 and the predetermined object 200 illustrated
in FIG. 1 by performing the speed FFT processing. Since the technique itself for measuring (estimating) the relative
velocity to a predetermined object by performing the speed FFT processing on the result of performing the range FFT
processing is known, a more detailed description may be simplified or omitted as appropriate. The result (e.g., speed
information) of the result of the speed FFT processing performed by the speed FFT processor 12 may be supplied to
the arrival angle estimator 13. Further, the result of the speed FFT processing performed by the speed FFT processor
12 may be supplied also to the object detector 14.
[0064] The arrival angle estimator 13 estimates the direction in which reflection waves R arrive from the predetermined
object 200, on the basis of the result of speed FFT processing performed by the speed FFT processor 12. The electronic
device 1 can estimate the direction in which the reflection waves R arrive by receiving the reflection waves R from a
plurality of receiving antennas 31. For example, a plurality of receiving antennas 31 are disposed at predetermined
intervals. In this case, the transmission waves T transmitted from the transmitting antenna 25 are reflected by the
predetermined object 200 and result in reflection waves R, which are received by each of the receiving antennas 31
disposed at predetermined intervals. Then, the arrival angle estimator 13 can estimate the direction in which the reflection
waves R arrive at the receiving antennas 31 on the basis of each phase of the reflection waves R received by each of
the receiving antennas 31 and the path difference of each of the reflection waves R. That is, the electronic device 1 can
measure (estimate) the arrival angle θ of the reflection wave R on the basis of the result of performing the speed FFT
processing. Here, the arrival angle θ of the reflection wave R may be, for example, the angle formed by the traveling
direction of the moving body 100 illustrated in FIG. 1 and the direction in which the reflection wave R arrives at the
moving body 100.
[0065] Various techniques for estimating the direction in which reflection waves R arrive on the basis of the result of
speed FFT processing have been proposed. For example, as a known algorithm for estimating the arriving direction,
MUltiple SIgnal Classification (MUSIC), Estimation of Signal Parameters via Rotational Invariance Technique (ESPRIT),
and the like are known. Therefore, more detailed description of the known technique will be simplified or omitted as
appropriate. The information (angle information) on the arrival angle θ estimated by the arrival angle estimator 13 may
be supplied to the object detector 14.
[0066] The object detector 14 detects an object existing in a range in which transmission waves T are transmitted on
the basis of the information supplied from at least one of the range FFT processor 11, the speed FFT processor 12 and
the arrival angle estimator 13. The object detector 14 may detect an object by performing, for example, clustering
processing on the basis of the supplied distance information, the speed information and the angle information. As an
algorithm used for data clustering, Density-based spatial clustering of applications with noise (DBSCAN) and the like
are known. In the clustering processing, the average power of the points constituting the detected object may be calcu-
lated, for example. The distance information, the speed information, the angle information, and the power information
of the object detected by the object detector 14 may be supplied to the detection range determining portion 15. Further,
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the distance information, the speed information, the angle information, and the power information detected by the object
detector 14 may also be supplied to the ECU 50. In this case, when the moving body 100 is an automobile, communication
may be performed using a communication interface such as controller area network (CAN).
[0067] The detection range determining portion 15 determines a range of detecting an object that reflects transmission
waves T (hereinafter referred also to as "object detection range") by transmission signals and reception signals. Here,
the detection range determining portion 15 may determine a plurality of object detection ranges on the basis of operation
by a driver of the moving body 100 equipped with the electronic device 1. For example, when a parking assist button is
operated by a driver of the moving body 100, the detection range determining portion 15 may determine a plurality of
object detection ranges suitable for assisting the parking. Further, the detection range determining portion 15 may
determine a plurality of object detection ranges on the basis of an instruction from the ECU 50, for example. For example,
when the ECU 50 determines that the moving body 100 is about to move backwards, the detection range determining
portion 15 may determine a plurality of object detection ranges suitable when the moving body 100 moves backward,
on the basis of an instruction from the ECU 50. Further, the detection range determining portion 15 may determine a
plurality of object detection ranges on the basis of a change in operating condition such as a steering, an accelerator,
or a gear in the moving body 100. Moreover, the detection range determining portion 15 may determine a plurality of
object detection ranges on the basis of the result of detecting an object by the object detector 14.
[0068] The parameter setting portion 16 sets various parameters that specify transmission signals and reception
signals for detecting an object that reflects transmission waves T as reflection waves R. That is, the parameter setting
portion 16 sets various parameters for transmitting transmission waves T from the transmitting antenna 25 and various
parameters for receiving reflection waves R from the receiving antenna 31.
[0069] In particular, in an embodiment, the parameter setting portion 16 may set various parameters for transmitting
transmission waves T and receiving reflection waves R to detect an object in the above described object detection range.
For example, the parameter setting portion 16 may specify the range in which the reflection waves R are desired to be
received in order to receive the reflection waves R and detect an object in the object detection range. Further, for example,
the parameter setting portion 16 may specify the range in which the beam of the transmission waves T is desired to be
directed in order to transmit transmission waves T from a plurality of transmitting antennas 25 and detect an object in
the object detection range. In addition, the parameter setting portion 16 may set various parameters for transmitting
transmission waves T and receiving reflection waves R. The values set by the parameter setting portion 16 include, for
example, the transmission frequency, the transmission frequency band, the transmission wave phase, the reception
wave phase, the signal transmission timing, the signal transmission time, the chirp signal amplitude, the chirp signal
cycle, the selection value of the transmitting antenna to be used, the selection value of the receiving antenna to be used,
the number of transmitting antennas to be used, the number of receiving antennas to be used, and/or the transmission
power.
[0070] Various parameters set by the parameter setting portion 16 may be supplied to the signal generator 21. Then,
the signal generator 21 can generate transmission signals to be transmitted as transmission waves T, on the basis of
the various parameters set by the parameter setting portion 16. The various parameters set by the parameter setting
portion 16 may be supplied to the transmitter 20, the receiver 30 and the object detector 14. In this manner, the object
detector 14 can perform processing for detecting an object in an object detection range determined on the basis of
various parameters set by the parameter setting portion 16.
[0071] The ECU 50 included in the electronic device 1 according to an embodiment can control the operation of the
entire moving body 100, including control of each function part constituting the moving body 100. The ECU 50 may
include at least one processor such as Central Processing Unit (CPU), for example, to provide control and processing
power for implementing various functions. The ECU 50 may be realized collectively by one processor, by some proc-
essors, or by individual processors. The processor may be realized as a single integrated circuit. The processor may
be realized as a plurality of communicably connected integrated circuits and discrete circuits. The processor may be
realized on the basis of various other known techniques. In an embodiment, the ECU 50 may be configured as, for
example, a CPU and a program executed by the CPU. The ECU 50 may appropriately include a memory necessary for
operating the ECU 50. Further, at least a part of the functions of the controller 10 may be a function of the ECU 50, and
at least a part of the functions of the ECU 50 may be a function of the controller 10.
[0072] The electronic device 1 illustrated in FIG. 2 includes two transmitting antennas 25 and N receiving antennas
31. However, the electronic device 1 of an embodiment may include any number of transmitting antennas 25 and any
number of receiving antennas 31. For example, when the electronic device 1 includes two transmitting antennas 25 and
four receiving antennas 31, it can be regarded as including a virtual antenna array that is virtually composed of eight
antennas. In this manner, the electronic device 1 may use eight virtual antennas for receiving reflection waves R of 16
sub-frames.
[0073] Next, operation of the electronic device 1 according to an embodiment will be described.
[0074] Recent sensors capable of detecting obstacles existing around vehicles such as automobiles include, for ex-
ample, a millimeter-wave radar, LiDAR (Light Detection and Ranging, Laser Imaging Detection and Ranging), and an
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ultrasonic sensor. Among these sensors, a millimeter-wave radar is often adopted from the viewpoint of accuracy and
reliability in terms of detection of an obstacle, cost, and the like.
[0075] Technologies for detecting an obstacle and the like around a vehicle by using a millimeter-wave radar include,
for example, blind spot detection (BSD), cross traffic alert (CTA) for a vehicle that backs up or leaves, and free space
detection (FSD). In these detections, it is common to determine the object detection range by presetting the radio wave
radiation range that depends on the physical shape of the millimeter-wave radar antenna. That is, in each radar, the
physical shape of the antenna of the millimeter-wave radar is predetermined according to the application or the function
of each radar, and it is common that the object detection range is defined in advance. Thus, in order to realize functions
of a plurality of different radars, a plurality of different radar sensors will be required.
[0076] However, it is disadvantageous in terms of cost to prepare a plurality of radar sensors according to the application
or function. Further, for example, if the physical shape of antenna is predetermined and the radiation range is also
determined, it is difficult to change the application and function of the antenna. Further, for example, when the physical
shape of antenna and the radiation range are determined and all of the objects in the radiation range are detected, the
amount of information to be processed increases. In this case, since there is a possibility that an unnecessary object
may be erroneously detected as a target object, the reliability of detection may decrease. Further, for example, if the
physical shape and radiation range of antenna are determined and the number of sensors to be mounted is increased,
the fuel efficiency will decrease due to an increase in the weight of the vehicle (mainly harness) or the fuel efficiency will
decrease due to an increase in power consumption. Moreover, when detection is performed by using a plurality of radar
sensors, a delay may occur between the sensors. Therefore, if automatic driving or driving assist is performed on the
basis of such detection, processing may take time. This is because the CAN processing speed is slower than the radar
update rate, and besides, feedback also takes time. Further, when detection is performed by using a plurality of sensors
having different object detection ranges, control can be complicated.
[0077] Therefore, in the electronic device 1 according to an embodiment, one radar sensor can be used for a plurality
of functions or applications. Further, the electronic device 1 according to an embodiment enables operation as if multiple
functions or applications were realized simultaneously by one radar sensor.
[0078] FIGS. 3, 4, 5 and 6 illustrate an example of a signal generated by the signal generator 21 and passed through
the synthesizer 22. The signal after passing through the synthesizer 22 is also referred to as a signal generated by the
signal generator 21.
[0079] In FIGS. 3, 4, 5 and 6, the horizontal axis represents the time t and the vertical axis represents the frequency
f. That is, FIGS. 3, 4, 5 and 6 illustrate a state where the frequency f of the signal generated by the signal generator 21
changes over time. In an embodiment, the signal generated by the signal generator 21 may be a signal whose frequency
f changes over time. In particular, as illustrated in FIGS. 3, 4, 5 and 6, the signal generator 21 may generate a signal
whose frequency f changes periodically and linearly (linear chirp signal). For example, the signal generator 21 may
generate the chirp signal as illustrated in FIGS. 3, 4, 5 and 6. The signal generated by the signal generator 21 may be
preset in the controller 10, for example.
[0080] FIGS. 3, 4 and 5 illustrate an example in which the signal generator 21 generates a signal with a frequency
band of f1-f2. Here, for example, the frequency f1 = 77 GHz and the frequency f2 = 81 GHz. FIG. 3 illustrates an example
of a signal in which the frequency f periodically repeats a linear increase (up chirp) from f1 to f2. Further, FIG. 4 illustrates
an example of generating a signal in which the frequency f periodically repeats linear increase (up chirp) and decrease
(down chirp) from f1 to f2. The electronic device 1 transmits a signal generated by the signal generator 21 as described
above from the transmitting antenna 25 as a transmission wave. Since the chirp signal used in the technical field such
as radar is known, more detailed description will be simplified or omitted as appropriate. As illustrated in FIG. 2, signals
generated by the signal generator 21 are supplied to the phase controller 23 via the synthesizer 22. FIG. 5 illustrates
an example of a discrete signal in which the frequency f periodically repeats a linear increase (up chirp) from f1 to f2.
FIG. 6 illustrates an example in which the signal generator 21 generates a discrete signal with frequency bandwidths of
f1, f2, and f3. As illustrated in FIG. 10, the signal generator 21 may generate signals with different frequencies. The
signal generator 21 may generate any number of two or more different types of frequencies.
[0081] In this manner, the electronic device 1 according to an embodiment transmits transmission waves T from a
plurality of transmitting antennas 25. Here, the transmission wave T may be radio wave whose frequency changes over
time. In particular, the electronic device 1 may transmit transmission waves T whose frequency f changes periodically
and linearly. Typically, the electronic device 1 may transmit a chirp signal as illustrated in FIGS. 3, 4, 5 and 6 as a
transmission wave T. Further, the electronic device 1 may transmit a radio wave with the millimeter-wave band as a
transmission wave T, in particular, a radio wave with frequency band from 77 GHz to 81 GHz.
[0082] Information on the frequency f of the signal generated by the signal generator 21 can be ascertained by the
phase controller 23. That is, the phase controller 23 can recognize the frequency f of the signal generated by the signal
generator 21 at any time. For example, at least one of the signal generator 21 and the controller 10 may transmit the
information on the frequency f of the signal generated by the signal generator 21 to the phase controller 23. Conversely,
the phase controller 23 may obtain the information on the frequency f of the signal generated by the signal generator
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21 from at least one of the signal generator 21 and the controller 10.
[0083] With reference to FIG. 2 again, the phase controller 23 of the transmitter 20 controls the phase of the signal
generated by the signal generator 21 under control of the controller 10. The phase controller 23 may be configured as,
for example, a CPU and a program executed by the CPU. As described above, the phase controller 23 can control
(change) the direction of the beam of the transmission wave by controlling the phase of the signal generated by the
signal generator 21 and passed through the synthesizer 22. Further, in an embodiment, the phase controller 23 can
further adjust the phase when controlling the phase. Such phase control and phase adjustment by the phase controller
23 will be further described later. The signal controlled and/or adjusted by the phase controller 23 is supplied to the
transmitting antenna 25 via the amplifier 24. In an embodiment, the phase controller 23 may be configured as, for
example, a CPU and a program executed by the CPU. Further, the phase controller 23 may include a storage such as
a memory required for the operation of the phase controller 23 as appropriate.
[0084] The transmitting antenna 25A and the transmitting antenna 25B output (transmit) transmission signals supplied
from the amplifier 24A and the amplifier 24B as transmission waves T. In FIG. 2, the electronic device 1 transmits
transmission waves T from two transmitting antennas such as the transmitting antenna 25A and the transmitting antenna
25B. However, the electronic device 1 may transmit transmission waves T from any number of two or more transmitting
antennas. That is, the electronic device 1 may include any number of two or more transmitting antennas. In the present
disclosure, when the transmitting antenna 25A and the transmitting antenna 25B are not specifically distinguished each
other, they are simply referred to as "transmitting antenna 25." The electronic device 1 according to an embodiment
transmits transmission waves T from a plurality of transmitting antennas 25. Since the transmitting antenna 25 can be
configured in the same manner as the transmitting antenna used for known radars, a more detailed description thereof
will be omitted.
[0085] FIG. 2 schematically illustrates a state where a plurality of transmitting antennas 25 transmit transmission waves
T. In FIG. 2, the wave of the transmission wave T reflected by the object 200 is illustrated as the reflection wave R. The
radio wave of the transmission wave T transmitted from a plurality of transmitting antennas 25 and reflected by the object
200 is referred to as a reflection wave R. Here, the object 200 may be a vehicle other than the moving body 100, or any
object other than the moving body 100, such as a pedestrian or an obstacle,. Further, FIG. 2 schematically illustrates a
state where a receiving antenna 31A, a receiving antennas 31B, ... and a receiving antennas 31N receive the reflection
wave R.
[0086] In FIG. 2, the electronic device 1 receives the reflection wave R from a plurality of receiving antennas 31A,
31B, ... and 31N. However, the electronic device 1 may receive the reflection wave R from any number of receiving
antennas 31. That is, the electronic device 1 may include any number of receiving antennas 31. In the present disclosure,
when the receiving antenna 31A, the receiving antenna 31B, ... and the receiving antenna 31N are not specifically
distinguished each other, they are simply referred to as "receiving antenna 31." Since the receiving antenna 31 can be
configured in the same manner as the receiving antennas used for known radars, a more detailed description thereof
will be omitted.
[0087] Reception signals based on reflection waves R received by the receiving antenna 31 are supplied to the AD
converter 35 via the LNA 32, the mixer 33, the IF 34, and the like. Reception signals (analog signals) based on reflection
waves R received by the receiving antenna 31 often contain noise components. Thus, it is assumed that it would be
difficult to convert the analog signals based on the reflection waves R received by the receiving antenna 31, as they are,
to digital signals by the AD converter 35. Therefore, the reception signals based on reflection waves R received by the
receiving antenna 31 are subjected to filter processing for adjustment. The reception signals thus adjusted are supplied
to the AD converter 35.
[0088] The AD converter 35 converts the supplied analog signals into digital signals. The AD converter 35 may be
configured as a CPU or a program executed by the CPU. The reception signals converted from analog to digital by the
AD converter 35 are supplied to the controller 10.
[0089] The range FFT processor 11 estimates the distance between the moving body 100 equipped with the electronic
device 1 and the object 200 on the basis of the reception signals supplied from the AD converter 35. Since a radar
technology for measuring (estimating) the distance between a predetermined object and the transmitter/receiver of radio
waves by transmitting radio waves to the predetermined object and receiving the reflection waves thereof is known, a
more detailed description is omitted. The information on the distance estimated by the range FFT processor 11 is supplied
to the object detector 14, for example.
[0090] The speed FFT processor 12 estimates the relative velocity between the moving body 100 equipped with the
electronic device 1 and the object 200 on the basis of the reception signals supplied from the AD converter 35. Radar
technology for measuring (estimating) the relative velocity between a predetermined object and the radio wave transmitter
and receiver by transmitting radio waves to the predetermined object and receiving reflection waves thereof for meas-
urement is known. Thus more detailed description will be omitted. The information on the distance estimated by the
speed FFT processor 12 is supplied to the object detector 14, for example.
[0091] The arrival angle estimator 13 estimates the direction (for example, the azimuth) from the moving body 100
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equipped with the electronic device 1 toward the object 200 on the basis of the reception signals supplied from the AD
converter 35. The radar technology for measuring (estimating) the direction from the transmitter/receiver of radio waves
toward the predetermined object by transmitting radio waves to the predetermined object and receiving the reflection
waves thereof for measurement is also known. Thus more detailed description thereof will be omitted. The information
on the direction (azimuth) estimated by the arrival angle estimator 13 is supplied to the object detector 14, for example.
As a technology for estimating the direction (azimuth) by the arrival angle estimator 13, a technology for using the
principle of an interferometer that utilizes the phase difference of the reception signal of a two-element array, the beam
former technology for scanning the main lobe of the array antenna to find the direction in which power increases, the
linear prediction technology for scanning the null of the array antenna to estimate the direction, Multiple Signal Classi-
fication (MUSIC) technology, Estimation of Signal Parameters via Rotational Invariance Techniques (ESPRIT) technique
and/or Multiple Input Multiple Output (MIMO) technology, for example, may be used.
[0092] The object detector 14 can perform various calculations, estimations and controls from the information on the
distance, the relative velocity, and/or the direction (angle) supplied from the range FFT processor 11, the speed FFT
processor 12 and the arrival angle estimator 13, respectively. For example, the object detector 14 may measure (estimate)
the relative velocity between the object 200 and the moving body 100 on the basis of the obtained information. In this
manner, in the electronic device 1 according to an embodiment, the object detector 14 may estimate at least one of the
distance to the object 200, the azimuth with respect to the object 200 and the relative velocity with respect to the object
200 on the basis of the reflection wave R received by the receiving antenna 31.
[0093] Further, when the distance between the detected object 200 and the moving body 100 is within a predetermined
distance, the controller 10 may issue a predetermined warning to a driver of the moving body 100, for example. Further,
in the above described case, the controller 10 may control so that a brake of the moving body 100 is started, for example.
Moreover, when the detected object 200 is located in a predetermined direction from the moving body 100, the controller
10 may issue the above described warning or control the start of the brake. In an embodiment, the controller 10 can
perform various controls based on the distance or relative velocity with respect to the object 200, the direction of the
object 200, and the like. Such a control can be various controls as proposed in the technical field in which a radar is
used, and is not limited to specific controls.
[0094] Next, transmission waves transmitted by the electronic device 1 of an embodiment will be described.
[0095] When measuring a distance with a millimeter-wave radar, a frequency-modulated continuous wave (FMCW)
radar (hereinafter referred to as a FMCW radar) is often used. The FMCW radar sweeps frequency of a radio wave to
be transmitted to generate a transmission signal. Therefore, in a millimeter-wave FMCW radar using radio waves in the
frequency band of 79 GHz, for example, the frequency of radio waves to be used will have a frequency bandwidth of 4
GHz such as from 77 GHz to 81 GHz, for example. The radar in the frequency band of 79 GHz is characterized by a
usable frequency bandwidth that is wider than that of other millimeter/quasi-millimeter-wave radars, such as 24 GHz,
60 GHz, or 76 GHz frequency band.
[0096] The above described embodiment will be described below. The FMCW radar method used in the present
disclosure may include the FCM (Fast-Chirp Modulation) method in which chirp signals are transmitted at a cycle shorter
than usual. The signals generated by the signal generator 21 are not limited to FM-CW signals. The signals generated
by the signal generator 21 may be those generated by various methods other than the FMCW method. The transmission
signal string stored in the memory 18 may be different depending on these various methods. For example, in the case
of the above described FMCW radar signals, signals whose frequency increases and signals whose frequency decreases
may be used for each time sample. Since known techniques can be appropriately applied to the various methods
described above, more detailed description thereof will be omitted.
[0097] As described above, the transmission waves can be strengthened in a predetermined direction by forming a
beam of radio waves transmitted from a plurality of transmitting antennas 25 (beamforming). In this manner, it is expected
that the accuracy of measuring the distance between the moving body 100 equipped with the electronic device 1 and
the object 200 and/or the direction of the object 200 is improved. Therefore, the electronic device 1 according to an
embodiment uses, as transmission waves, radio waves whose frequency changes over time, such as FMCW radars,
and performs beamforming by such transmission waves. Such an embodiment will be further described below.
[0098] FIG. 7 is a diagram illustrating transmission waves transmitted by the electronic device 1. In FIG. 7, two antennas
such as the transmitting antenna 25A and the transmitting antenna 25B are disposed. However, in an embodiment, any
number of transmitting antennas 25 may be disposed.
[0099] As illustrated in FIG. 7, in the electronic device 1, the transmitting antenna 25A and the transmitting antenna
25B are disposed so as to be separated by a distance W. The following will be described assuming that a plurality of
transmitting antennas 25 disposed in the above described manner form a beam of radio wave at an angle of 30° to the
right (direction α illustrated in FIG. 7) from the Y-axis positive direction. That is, the case in which beamforming is
performed in the direction α, which is 30° to the right with respect to the Y-axis positive direction will be described below.
[0100] It is assumed that the distance W between the transmitting antenna 25A and the transmitting antenna 25B
illustrated in FIG. 7 is λ/2, where λ is a wavelength of the transmission wave. Here, the case in which radio waves having
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a frequency of 79 GHz are transmitted from the transmitting antenna 25 will be examined. In this case, when the speed
of light is c = 3.0 3 108 [m/s], the wavelength λ of transmission wave (= c/f = 3.0 3108 [m/s]/79 3 109) is 3.7975 [mm].
Thus the distance W = λ/2 between the transmitting antenna 25A and the transmitting antenna 25B is 1.8987 [mm].
[0101] In this manner, a path difference occurs between transmission waves transmitted respectively in the direction
α from the two transmitting antennas 25 disposed separately by the distance W = 1.8987 [mm]. As illustrated in FIG. 7,
the transmission wave transmitted from the transmitting antenna 25A in the direction α is referred to as a transmission
wave Ta, and the transmission wave transmitted from the transmitting antenna 25B in the direction α is referred to as
a transmission wave Tb. Further, when the transmission wave Ta and the transmission wave Tb are not particularly
distinguished each other in the present disclosure, they are simply referred to as "transmission wave T." In the case as
illustrated in FIG. 7, the path of the transmission wave Ta is longer than that of the transmission wave Tb by the path
difference D. Therefore, the electronic device 1 according to an embodiment controls a phase of at least one of the
transmission wave Ta and the transmission wave Tb according to the path difference D between the transmission wave
Ta and the transmission wave Tb in the direction α. Specifically, the electronic device 1 controls so that the phases of
the transmission wave Ta and the transmission wave Tb transmitted from the transmitting antenna 25A and the trans-
mitting antenna 25B, respectively, are aligned in the direction α. As a result, the transmission wave Ta and the transmission
wave Tb transmitted from the transmitting antenna 25A and the transmitting antenna 25B, respectively, strengthen each
other in the direction α.
[0102] As illustrated in FIG. 7, the path difference D between the transmission wave Ta and the transmission wave
Tb in the direction α can be expressed as W·sin 30° by using the distance W of the transmitting antenna 25. Therefore,
the path difference D = W/2 will be 0.9494[mm]. Further, since this path difference D = W/2 is W = λ/2 when the wavelength
λ is used, it can be expressed as the path difference D = λ/4. From this equation, it can be seen that the path difference
D corresponds to 1/4 of the wavelength λ, that is, the phase of 90° (π/2). In such a case, the electronic device 1 according
to an embodiment controls so that the phase of the transmission wave Ta transmitted from the transmitting antenna 25A
is output ahead of the phase of the transmission wave Tb transmitted from the transmitting antenna 25B by 90°. For
example, the phase controller 23 may change at least one of the phase of the transmission wave Ta and the phase of
the transmission wave Tb so that the phase of the transmission wave Ta is earlier than that of the transmission wave
Tb by 90°. Under such a control, the phase of the transmission wave Ta and the phase of the transmission wave Tb are
aligned in the direction α. Therefore, in this case, the transmission wave Ta and the transmission wave Tb transmitted
from a plurality of transmitting antennas 25 strengthen each other in the direction α and form a beam of radio waves in
the direction α.
[0103] In the example illustrated in FIG. 7, the case in which a beam of radio wave at an angle of 30° to the right
(direction α illustrated in FIG. 7) from the Y-axis positive direction is formed by a plurality of transmitting antennas 25
has been described. However, the electronic device 1 can also form a beam toward a direction other than the direction
α by controlling at least one of the phase of the transmission wave Ta and the phase of the transmission wave Tb. For
example, the electronic device 1 can form a beam directed in a direction forming various angles with respect to the Y-
axis positive direction by controlling at least one of the phase of transmission wave Ta and the phase of transmission
wave Tb.
[0104] In this case, the correlation between the predetermined direction in which the beam of transmission wave T is
formed and the phase controlled when forming such a beam (control amount of the phase) may be stored in advance
in at least one of the memory 18 connected to the controller 10 and the phase controller 23. That is, the correspondence
between the path difference D in a predetermined direction of the beam of transmission wave T transmitted from a
plurality of transmitting antennas 25 and the phase of transmission wave T corresponding to the path difference D may
be stored in advance in at least one of the memory 18 connected to the controller 10 and the phase controller 23, for
example. On the other hand, such a correlation or a correspondence may be calculated, for example, in at least one of
the controller 10 and the phase controller 23. Further, such a correlation or a correspondence may be stored or calculated
with respect to transmission waves T of various frequencies f.
[0105] In this manner, in the electronic device 1 according to an embodiment, the phase controller 23 controls a phase
of at least one of the transmission waves T transmitted from a plurality of transmitting antennas 25 so that the phases
of respective transmission waves T transmitted from the transmitting antennas 25 are aligned in a predetermined direction
α. In particular, the phase controller 23 may control a phase of at least one of transmission waves T depending on the
path difference D of each of the transmission waves T transmitted from a plurality of transmitting antennas 25 in a
predetermined direction α. Thus the electronic device 1 according to an embodiment includes at least the phase controller
23. Further, the electronic device 1 according to an embodiment may include the controller 10 as appropriate, for example,
in addition to the phase controller 23.
[0106] An example in which a beam in the direction α is formed when the frequency f of the radio wave transmitted
from a plurality of transmitting antennas 25 is 79 GHz has been described above. In this case, as described above, the
electronic device 1 can align the phase of the transmission wave Ta and the phase of the transmission wave Tb in the
direction α by advancing the phase of the transmission wave Ta by 90° (π/2).
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[0107] However, as described above, the electronic device 1 transmits a radio wave (e.g., chirp signal) whose frequency
f changes over time. That is, the frequency f of a transmission wave transmitted by the electronic device 1 from the
transmitting antenna 25 changes over time. In this case, as the frequency f of transmission wave T changes, the wave-
length λ of the transmission wave also changes. Therefore, the phase of transmission wave Ta and the phase of
transmission wave Tb may not be aligned in the direction α even if the phase is advanced by 90° (π/2) as described
above, after the frequency f of transmission wave T changes. Such an example will be described below.
[0108] In the following description, it is assumed that the distance W (= 1.8987 [mm]) between the transmitting antenna
25A and the transmitting antenna 25B does not change. Further, it is assumed that a beam of radio waves is formed by
a plurality of transmitting antennas 25 by tilting the beam to the right from the Y-axis positive direction by 30° (the direction
α illustrated in FIG. 7). Therefore, the path difference D (= 0.9494[mm]) between the transmission wave Ta and the
transmission wave Tb may also not change.
[0109] For example, the case in which the frequency of radio waves transmitted from a plurality of transmitting antennas
25 are 77 GHz will be examined. The wavelength λ when the frequency f of transmission wave Ta is 77 GHz is larger
than that when the frequency f of transmission wave Ta is 79 GHz. In this case, when the phase of the transmission
wave Ta transmitted from the transmitting antenna 25A is advanced by 90° (π/2) and output in the same manner, the
phase of the transmission wave Ta will be advanced by a length larger than the path difference D. That is, in this case,
when the phase of transmission wave Ta is advanced by 90 ° (π/2) and output, the direction in which transmission waves
transmitted from a plurality of transmitting antennas are strengthened each other shifts to the right (X-axis positive
direction side) from the direction α. Thus, the radio waves transmitted from a plurality of transmitting antennas 25 cannot
be beamformed in the direction α.
[0110] Next, for example, the case in which the frequency f of radio waves transmitted from a plurality of transmitting
antennas 25 is 81 GHz will be examined. The wavelength λ when the frequency f of transmission wave Ta is 81 GHz
is smaller than that when the frequency f of transmission wave Ta is 79 GHz. In this case, when the phase of the
transmission wave Ta transmitted from the transmitting antenna 25A is advanced by 90° (π/2) and output in the same
manner, the phase of transmission wave Ta is advanced by a length less than the path difference D. That is, in this
case, when the phase of transmission wave Ta is advanced by 90° (π/2) and output, the direction in which transmission
waves transmitted from a plurality of transmitting antennas strengthen each other shifts to the left (X-axis negative
direction side) from the direction α. Thus, the radio waves transmitted from a plurality of transmitting antennas 25 cannot
be beamformed in the direction α.
[0111] As described above, when the frequency changes, for example, like the FMCW radar that transmits radio wave
of 77 to 81 GHz, the direction in which the transmission signals transmitted from a plurality of transmitting antennas 25
are strengthened each other will have variance. That is, even if at least one of the phase of transmission wave Ta and
the phase of transmission wave Tb is controlled in consideration of the path difference D between the transmission wave
Ta and the transmission wave Tb, it is difficult to form a beam of radio waves precisely in a desired direction.
[0112] Thus, in the electronic device 1 according to an embodiment, the phase controller 23 controls the phase of
transmission wave T according to the frequency f of transmission wave T, for example. The phase adjustment of trans-
mission wave Ta will be described below corresponding to the above example.
[0113] First, as described in the above example, the case in which the frequency f of transmission wave T transmitted
from a plurality of transmitting antennas 25 is 77 GHz will be examined. The wavelength λ of transmission wave T having
a frequency f of 77 GHz (= c/f = 3.0 3 108 [m/s]/77 3 109) is 3.896 [mm]. Therefore, the phase corresponding to the
length of path difference D ((path difference D/wavelength λ) 3 360° = (0.9494 [mm]/3.896 [mm]) 3 360°) is 87.72°.
From the above, when the frequency f of transmission wave T is 77 GHz, if the phase is advanced by 87.72° and output,
the signals in the direction α are strengthened each other. Therefore, in the electronic device 1, the phase controller 23
may control the phase of transmission wave Ta to be advanced by 87.72° instead of 90° , and output when the frequency
f of transmission wave T is 77 GHz. Further, when the frequency f of transmission wave T is 77 GHz, the phase controller
23 may adjust the phase so as to be decreased by 2.28° from 90° determined as the phase of transmission wave Ta.
In this case as well, as a result, the phase of transmission wave Ta is advanced by 87.72° and output.
[0114] Next, as described in the above example, the case in which the frequency f of transmission wave T transmitted
from a plurality of transmitting antennas 25 is 81 GHz will be examined. The wavelength λ of transmission wave T having
a frequency f of 81 GHz (= c/f = 3.0 3 108 [m/s]/81 3 109) is 3.704 [mm]. Therefore, the phase corresponding to the
length of path difference D ((path difference D/wavelength λ) 3 360° = (0.9494 [mm]/3.704 [mm]) 3 360°) is 92.27°.
From the above, when the frequency f of transmission wave T is 81 GHz, the signals in the direction α are strengthened
each other when the phase is advanced by 92.27°and output. Therefore, in the electronic device 1, the phase controller
23 may control the phase of transmission wave Ta to be advanced by 92.27° instead of 90° and output when the frequency
f of transmission waves T is 81 GHz. Further, the phase controller 23 may adjust the phase so as to be increased by
2.27° from 90° determined as the phase of the transmission wave Ta, when the frequency f of transmission waves T is
81 GHz. In this case as well, as a result, the phase of transmission wave Ta is advanced by 92.27° and output.
[0115] In this manner, in the electronic device 1 according to an embodiment, the phase controller 23 may adjust a
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phase of at least one of transmission waves T on the basis of the frequency f of transmission wave T.
[0116] Supposing the time t dependence of the frequency of the chirp signal is f = f (t) and the speed of light is c, for
example, then λ (t) = c/f (t). Therefore, supposing the distance between the antennas is W and the transmission angle
in the direction perpendicular to the direction in which the antennas are arranged (broadside direction) is θ, then the
phase adjustment amount S (t) of transmission wave is expressed as follows. 

[0117] Here, f (t) is not particularly limited. For example, if the signal is as illustrated in FIG. 3, f (t) is expressed as
follows, where the period of the signal is Tc. 

[0118] Further, for example, if the signal is as illustrated in FIG. 4, f(t) is expressed as follows, in the equation the
period of the signal is Tc. 

f (t) is not limited to the above described function, and may be any other appropriate functions.
[0119] As described above, in order to adjust the phase on the basis of the frequency f of transmission wave T, the
correspondence between the frequency f of transmission wave T and the adjustment amount of the phase may be stored
in advance, for example, in at least one of the memory 18 connected to the controller 10 and the phase controller 23.
Further, when beamforming is performed in a direction different from the direction α, the length of the path difference D
between the transmission wave Ta and the transmission wave Tb in that direction is also different. Therefore, the length
of the path difference D between the transmission wave Ta and the transmission wave Tb when the direction of beam-
forming is changed in various manners may also be stored in advance, for example, in at least one of the memory 18
connected to the controller 10 and the phase controller 23. Moreover, the correspondence between the frequency f of
transmission wave T and the adjustment amount of the phase may be stored in advance, for example, in at least one
of the memory 18 connected to the controller 10 and the phase controller 23 according to the path difference D between
the transmission wave Ta and the transmission wave Tb in the case where the direction of beamforming varies. As
described above, the adjustment amount of the phase in various cases may be stored in advance in at least one of the
memory 18 connected to the controller 10 and the phase controller 23. By storing the phase adjustment amount in
various cases, the phase controller 23 can read out the phase adjustment amount required when performing phase
adjustment corresponding to the frequency f of transmission wave T.
[0120] In this manner, in the electronic device 1 according to an embodiment, the phase controller 23 may adjust a
phase of at least one of transmission waves T on the basis of the adjustment amount of the phase read out corresponding
to the frequency f of transmission wave T.
[0121] Further, without storing in advance the adjustment amount of the phase corresponding to the frequency f of
transmission wave T in various cases, the phase controller 23 or the like may calculate the corresponding phase ad-
justment amount, on the basis of the frequency f of transmission wave T transmitted from a plurality of transmitting
antennas 25. For example, when the signal generator 21 generates a chirp signal as illustrated in FIGS. 3, 4, 5 and 6,
the controller 10 or the phase controller 23 can recognize the frequency f of the chirp signal at any point in time, as
described above. Therefore, for example, at least one of the controller 10 (or the memory 18) and/or the phase controller
23 may store the necessary algorithms and/or formulas, etc., so that the phase controller 23 can calculate the phase
adjustment amount corresponding to the situation.
[0122] For example, the phase controller 23 may calculate the output signal by receiving an input signal from the signal
generator 21 and further obtaining the information on the frequency f from at least one of the controller 10 and/or the
phase controller 23. Specifically, assuming that the input signal received by the phase controller 23 from the signal
generator 21 at the time t is expressed as e 3 p (j · 2πf (t) · t + δ (θ)), where j is an imaginary unit, f (t) is a time-dependent
frequency, and δ (θ) is a phase to be controlled by the phase controller 23 according to the path difference D (the phase
adjustment amount is not considered). Further, it is assumed that the frequency f of the input signal received from at
least one of the controller 10 and/or the phase controller 23 is expressed as f (t). In this case, the output signal output
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by the phase controller 23 in consideration of the phase adjustment amount can be expressed as e 3 p (j · 2πf (t) · t +
δ (θ) + S (t, θ)). Here, it is assumed that S (t, θ) is a coefficient calculated by the phase controller 23 and corresponds
to the phase adjustment amount. The phase controller 23 may adjust a phase of transmission wave T by performing
such a complex multiplication process.
[0123] In this manner, in the electronic device 1 according to an embodiment, the phase controller 23 may adjust a
phase of at least one of transmission waves T on the basis of the phase adjustment amount calculated from the frequency
f of transmission waves T.
[0124] Moreover, the adjustment of the phase performed by the phase controller 23 may be realized by performing a
filtering process that depends on the frequency f of transmission wave T. For example, a frequency-dependent filter,
such as a low-pass filter, that allows low-bandwidth frequencies to pass and blocks high-bandwidth frequencies, is
known. By applying such a principle, the phase controller 23 may perform an operation (filter processing) such that the
phase adjustment amount gradually increases, for example, as the frequency f of transmission wave T increases (over
time).
[0125] In this manner, the phase controller 23 may adjust a phase of at least one of transmission waves T on the basis
of the adjustment amount of the phase obtained by the filter processing of the frequency of transmission wave T.
[0126] Next, an example of the operation of the electronic device 1 according to an embodiment will be described.
[0127] The electronic device 1 according to an embodiment includes an aspect of transmitting transmission wave T
from the transmitting antenna 25 in its feature. The operation of the electronic device 1 after transmitting transmission
wave T from the transmitting antenna 25 (e.g., the operation of receiving reflection wave R and the measurement or
estimation based on the reflection wave R) can employ various known radar techniques. Therefore, the operation until
the electronic device 1 transmits the transmission wave T from the transmitting antenna 25 will be described below, and
the description of the other operations will be omitted.
[0128] FIG. 8 is a flowchart illustrating an operation of the electronic device 1 according to an embodiment. The
operation illustrated in FIG. 8 may be started when, for example, the electronic device 1 starts detecting an object 200
existing around the moving body 100 or the like. That is, the operation illustrated in FIG. 8 may be started when the
electronic device 1 starts transmitting transmission waves T from a plurality of transmitting antennas 25.
[0129] When the operation illustrated in FIG. 8 is started, the controller 10 of the electronic device 1 determines the
frequency f of transmission wave T transmitted from a plurality of transmitting antennas 25 (step S1). The signal generator
21 may generate a signal whose frequency f changes over time, for example, as illustrated in FIGS. 3, 4, 5, and 6.
Therefore, the frequency f of transmission wave T determined by the controller 10 at each point in time may be preset
in the controller 10, for example. On the other hand, in step S1, the signal generator 21 (rather than the controller 10)
may determine the frequency f of the signal generated by itself at each point in time. The information on the frequency
f at various transmission timings of the transmission wave T may be stored in advance in at least one of the memory 18
connected to the controller 10 and the signal generator 21, for example. On the other hand, the frequency f at various
transmission timings of transmission wave T may be calculated, for example, by at least one of the controller 10 and
the signal generator 21. In either case, when the frequency f of transmission wave T at a specific point in time is
determined, the signal generator 21 can generate a transmission signal of that frequency f at that time.
[0130] When the frequency f of transmission wave T is determined in step S1, the controller 10 determines the direction
of the beam formed by the transmission wave T (step S2). In step S2, the controller 10 determines the direction of the
beam formed by the transmission waves T transmitted from a plurality of transmitting antennas 25, like the direction α
illustrated in FIG. 7 for example. Therefore, the direction of the beam formed by the transmission wave T at each point
in time may be preset in the controller 10, for example. On the other hand, in step S2, the signal generator 21 or the
phase controller 23, instead of the controller 10, may determine the direction of the beam formed by the transmission
wave T of the signal generated by itself. The information on the direction of the beam to be formed by the transmission
wave T at various transmission timings of the transmission wave T may be stored in advance in at least one of the
memory 18 connected to the controller 10, the signal generator 21 and the phase controller 23. Further, the direction of
the beam to be formed by the transmission wave T at various transmission timings of the transmission wave T may be
calculated in at least one of the controller 10 and the signal generator 21, for example. In either case, when the direction
of the beam formed by the transmission wave T at that point in time is determined, the phase controller 23 can control
the phase of the transmission signal of the frequency f at the point in time.
[0131] Once the direction of the beam of the transmission wave T is determined in step S2, the phase controller 23
determines the phase to control the transmission wave T (step S3). As described above, when the direction of the beam
of the transmission wave T is determined, the path difference D of the transmission wave T transmitted from a plurality
of transmitting antennas 25 in that direction is determined. Once the path difference D is determined, the phase controller
23 can determine the phase to be controlled or the control amount of the phase so that the phases of the transmission
waves T transmitted from a plurality of transmitting antennas 25 are aligned in that direction. Therefore, the control
amount of the phase corresponding to the direction of the beam of the transmission wave T may be preset in the phase
controller 23, for example. On the other hand, in step S3, the control amount of the phase may be determined by the
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controller 10 instead of the phase controller 23. The direction of the beam of transmission wave T and the control amount
of the phase corresponding to the direction may be stored in advance in at least one of the phase controller 23 and the
memory 18 connected to the controller 10. Further, the direction of the beam of the transmission wave T and the control
amount of the phase corresponding to the direction may be calculated by, for example, at least one of the phase controller
23 and the controller 10.
[0132] When the phase to be controlled is determined in step S3, the phase controller 23 adjusts the determined phase
according to the frequency f (step S4). As described above, when the frequency f of transmission wave T changes over
time, the phases of the transmission waves T transmitted from a plurality of transmitting antennas 25 may not be aligned
in a predetermined direction even if the phase control illustrated in step S3 is performed. Therefore, the phase controller
23 further adjusts the phase of the transmission wave T determined in step S3 according to the frequency f of transmission
wave T at the point in time in step S4. The adjustment of the phase performed in step S4 is as described above, thus
the detailed explanation thereof will be omitted.
[0133] When the phase is adjusted according to the frequency f in step S4, the electronic device 1 transmits the phase-
adjusted transmission waves T from a plurality of transmitting antennas 25 (step S5). In step S5, for example, the
controller 10 controls at least one of the signal generator 21, the synthesizer 22, the phase controller 23, and the amplifier
24 so that transmission waves T are transmitted from a plurality of transmitting antennas 25. After the process of step
S5 is performed, the transmission waves T transmitted from a plurality of transmitting antennas 25 of the electronic
device 1 strengthen each other in a predetermined direction to form a beam.
[0134] In this manner, the electronic device 1 according to an embodiment transmits transmission waves T from a
plurality of transmitting antennas 25. Here, the transmission wave T may be a radio wave whose frequency changes
over time. Further, in the electronic device 1 according to an embodiment, the phase controller 23 controls the phase
of at least one of the transmission waves T transmitted from a plurality of transmitting antennas 25 so that phases of
respective transmission waves T transmitted from a plurality of transmitting antennas 25 are aligned in a predetermined
direction α. Moreover, in the electronic device 1 according to an embodiment, the phase controller 23 adjusts the phase
of at least one of transmission waves T on the basis of the frequency of the transmission wave.
[0135] In an embodiment, the phase controller 23 may adjust a phase of at least one of transmission waves T almost
in synchronization with the change of the frequency f over time. Further, in an embodiment, the phase controller 23 may
adjust a phase of the transmission wave T so as to cancel the amount of change in the transmission angle of the
transmission wave T over time.
[0136] The processes of step S3 and step S4 may be performed individually in succession. That is, first, in step S3,
a phase may be controlled on the basis of the phase control amount determined. In this case, the phase determined
and controlled in step S3 may be further adjusted in step S4. On the other hand, the processes of step S3 and step S4
may be collectively performed. That is, in step S3, the phase control amount is determined, but the phase control based
on the determined phase control amount may not be performed. In this case, the phase determined in step S3 and
further adjusted in step S4 may be used as a phase of transmission wave T.
[0137] As described above, according to the electronic device 1 of an embodiment, when a beam of transmission
waves T transmitted from a plurality of transmitting antennas 25 is formed in a predetermined direction, a phase is
adjusted on the basis of the frequency f of transmission wave T.
[0138] Therefore, according to the electronic device 1 of an embodiment, when a beam of transmission waves T
transmitted from a plurality of transmitting antennas 25 is formed, the beam can be precisely directed in a predetermined
direction. Thus, according to the electronic device 1 of an embodiment, the accuracy of measuring an object, such as
measuring the distance to the object can be improved.
[0139] Conventionally, in the technical field such as wireless communication, for example, a beamforming technique
is used to direct a beam of transmission waves to a predetermined direction. The frequency of transmission wave used
for wireless communication is often a bandwidth on the order of several MHz to several hundred MHz at most. When
transmission wave having such a frequency bandwidth is transmitted as, for example, a chirp signal, the width at which
the frequency changes over time is negligible compared to the case of millimeter-wave having a bandwidth of 4 GHz.
Therefore, in order to align the phases of a plurality of transmission waves having small bandwidths in a predetermined
direction, as with radio waves in wireless communication, it is sufficient to control the phases in consideration of the path
difference of the transmission waves. That is, in the case of wireless communication, beamforming can be performed
in a somewhat accurate direction without adjusting the phase of transmission wave according to the frequency of trans-
mission wave, as described above.
[0140] On the other hand, as with a millimeter-wave radar, when a transmission wave with a frequency bandwidth of
4 GHz (77 GHz - 81 GHz), for example, is transmitted, the width at which the frequency changes over time is much
larger than that in the case of wireless communication. Therefore, in order to align the phases of a plurality of transmission
waves with large bandwidths, such as a radio wave of millimeter-wave radar, in a predetermined direction, it is insufficient
to only control the phase in consideration of the path difference of transmission waves. That is, in the case of millimeter-
wave radar, beamforming can be performed in a precise direction by adjusting the phase of transmission wave according
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to the frequency of transmission wave. The present disclosure may be applied when transmitting a transmission wave
with a frequency bandwidth lower than 77 GHz or higher than 81 GHz.
[0141] As described above, according to the electronic device 1 of an embodiment, when the radar technology is used,
beamforming can be performed in a precise direction by transmission waves T transmitted from a plurality of transmitting
antennas 25. That is, transmission signals in a specific direction (e.g., a required direction) can be strengthened each
other by transmission waves transmitted from a plurality of transmitting antennas 25. Therefore, according to the electronic
device 1 of an embodiment, it is possible to improve the accuracy in measuring (or estimating) at least one of the distance
to the object 200, the azimuth to the object 200, and the relative velocity to the object 200. Further, according to the
electronic device 1 of an embodiment, it is possible to avoid transmitting transmission waves T from a plurality of
transmitting antennas 25 in unnecessary directions. Thus, according to the electronic device 1 of an embodiment,
reflection waves R received from unnecessary directions can also be reduced. Therefore, according to the electronic
device 1 of an embodiment, the accuracy in measuring (or estimating) at least one of the distance to the object 200, the
azimuth to the object 200, and the relative velocity to the object 200 can also be improved from this perspective. That
is, according to the electronic device 1 of an embodiment, highly precise and reliable measurement can be performed
in a desired measurement range.
[0142] Next, calibration by the electronic device according to an embodiment will be described.
[0143] In the above described electronic device 1, even if the signal generator 21 generates a plurality of transmission
signals with the same phase, the phases of transmission signals may not be the same at the time of transmission from
each of transmitting antennas 25. This is assumed partly due to the fact that function parts such as the amplifier 24
and/or the filter part are susceptible to temperature fluctuations. That is, in the electronic device 1, the transmission
signal generated in the signal generator 21 passes through the phase controller 23, thus the phase thereof at the time
of transmission from the transmitting antenna 25 may fluctuate. It is assumed that such phase fluctuations differ depending
on the temperature in the function part such as the amplifier 24 and/or the filter. Further, it is also assumed that the
above-mentioned phase fluctuation may differ depending on the temperature fluctuation in the function part such as the
amplifier 24 and/or the filter.
[0144] Further, in the above described electronic device 1, even if phases of a plurality of transmission signals trans-
mitted from each of a plurality of transmitting antennas 25 are the same, the phases of transmission signals may not be
the same at the time when the reflection waves of the transmission signals are received by the receiving antennas 31.
This may be caused by a change in the permittivity in the path through which the electromagnetic waves propagate from
transmission of transmission waves from each of a plurality of transmitting antennas 25 to reception of reflected trans-
mission waves from the receiving antennas 31. The change in the permittivity in the path through which the electromag-
netic wave propagates may be caused by, for example, adhesion of water droplets, dust, or the like to at least one of
the transmitting antenna 25 and the receiving antenna 31. Further, such change in permittivity may be caused by adhesion
of water droplets, dust, or the like to a cover member such as a radar cover covering at least one of the transmitting
antenna 25 and the receiving antenna 31. Moreover, the above described change in the permittivity may be caused by,
for example, passing of water droplets in the path of electromagnetic wave from transmission of transmission wave from
the transmitting antenna 25 until reception of the reflected transmission wave as reflection wave. In this manner, in the
electronic device 1, the transmission waves transmitted from each of the transmitting antennas 25 pass through paths
having permittivities different from each other, which may result in phase fluctuation at the time when received by the
receiving antennas 31.
[0145] Therefore, when the above described phase fluctuation occurs, it is desirable to perform calibration by the
electronic device 1.
[0146] FIG. 9 is a functional block diagram schematically illustrating a configuration of the electronic device configured
to perform calibration according to an embodiment. The electronic device illustrated in FIG. 9 may have partially the
same configuration as the electronic device 1 according to an embodiment described above. Therefore, the description
similar to that of the electronic device 1 according to the above-mentioned embodiment will be simplified or omitted as
appropriate below.
[0147] As illustrated in FIG. 9, the electronic device 2 according to an embodiment is different from the electronic
device 1 described above in the configuration of the controller 10. Further, the electronic device 2 according to an
embodiment is connected to a temperature detector 70, which is different from the electronic device 1 described above.
[0148] In the electronic device 2 illustrated in FIG. 9, the controller 10 includes a timer 80, a calibration controller 81,
a phase estimator 83 and an adjustment value calculator 85. These function parts included in the controller 10 may be
configured as a CPU or a program executed by the CPU. Further, as illustrated in FIG. 9, the controller 10 may be
connected to the memory 18.
[0149] In the controller 10 illustrated in FIG. 9, the calibration controller 81 controls calibration operation performed
by the controller 10. The calibration controller 81 may start calibration operation on the basis of the temperature information
from the temperature detector 70 and/or the time information from the timer 80. When starting the calibration operation,
the calibration controller 81 may control to start at least one of the signal generator 21 and the phase estimator 83.
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[0150] The phase estimator 83 estimates the phase on the basis of the activation trigger from the calibration controller
81. The phase estimator 83 estimates or calculates, on the basis of a reception signal converted into a digital signal by
the AD converter 35, the phase of the reception signal. Thus estimated phase is supplied to the adjustment value
calculator 85.
[0151] The adjustment value calculator 85 calculates the adjustment value of the phase on the basis of the phase
supplied to the adjustment value calculator 85. Calculation of adjustment value of the phase performed by the adjustment
value calculator 85 will be further described later. Thus calculated phase adjustment value is supplied to the phase
controller 23.
[0152] The temperature detector 70 can detect the temperature of a predetermined part of the electronic device 1 or
the moving body 100 on which the electronic device 1 is mounted, for example. The temperature detector 70 may be
any temperature sensor, such as a sensor that employs a thermistor element, a resistance temperature detector, a
thermocouple, or the like, as long as it can detect the temperature. The information on the temperature detected by the
temperature detector 70 may be supplied to the controller 10. In an embodiment, the information on the temperature
detected by the temperature detector 70 may be supplied to the calibration controller 81.
[0153] The temperature detector 70 may detect the temperature at various parts. In particular, the temperature detector
70 may detect the temperature of a component or the like whose temperature is likely to affect the phase fluctuation, or
the temperature in the vicinity of the component. For example, the temperature detector 70 may detect the temperature
in the vicinity of the amplifier 24 and/or the LNA 32. Further, for example, the temperature detector 70 may detect the
temperature of or in the vicinity of the filter. For example, the temperature detector 70 may detect the temperature of
inside or in the vicinity of the electronic device 1.
[0154] The timer 80 may detect that a predetermined time has come. In addition, the timer 80 may detect that a
predetermined time has elapsed. The timer 80 may notify the calibration controller 81 that a predetermined time has
come or that a predetermined time has elapsed. In this manner, the information on the time detected by the timer 80
may be supplied to the calibration controller 81. In FIG. 9, the timer 80 is illustrated as a function part constituting the
controller 10. However, the timer 80 may be provided outside the controller 10, for example, and notify the controller 10
of the time information. The timer 80 may have any configuration as long as it can detect the arrival of a predetermined
time and/or the passage of a predetermined time.
[0155] In the example illustrated in FIG. 9, the electronic device 2 includes both the temperature detector 70 and the
timer 80. However, as described below, the electronic device 2 may include one of the temperature detector 70 and the
timer 80.
[0156] FIG. 10 is a flowchart illustrating the operation of calibration performed by the electronic device 2. The operation
of the electronic device 2 according to an embodiment is the same as that of the electronic device 1 described above
in that each of the reflection waves R of the transmission waves T transmitted from a plurality of transmitting antennas
25 is received by the receiving antenna 31. The electronic device 2 according to an embodiment adjusts a phase of at
least one of the transmission waves T so that the phases of respective reflection waves R received by the receiving
antenna 31 are aligned on the basis of the result of the operation described above. Such an operation will be simply
referred to as "calibration" as appropriate below.
[0157] When the operation (calibration) illustrated in FIG. 10 is started, the controller 10 determines whether or not a
predetermined temperature or temperature fluctuation is detected by the temperature detector 70 (step S11). For ex-
ample, when a temperature change of 5° or the like is detected from the starting of temperature detection, it may be
determined that a predetermined temperature change is detected. Here, the temperature change that is determined that
a predetermined temperature fluctuation is detected may be any temperature change such as 1° or 10°. Further, whether
or not the detected temperature has reached a predetermined temperature may be determined in step S11. For example,
whether or not the detected temperature has reached a predetermined temperature such as 10° may be determined.
Here, the temperature determined to have reached a predetermined temperature may be any temperature such as -5°
or 30°. In step S11, instead of or together with detection of a predetermined temperature or its fluctuation, whether or
not a predetermined time has elapsed may be detected by the timer 80. For example, it may be determined that 30
seconds have passed as a predetermined time. Here, the time determined as a passage of a predetermined time may
be any time such as 1 hour or 6 months.
[0158] If a predetermined temperature or its fluctuation or time is not detected in step S11, the controller 10 continues
the operation of step S11. That is, the calibration illustrated in FIG. 10 is started when the condition of step S11 is satisfied
as a trigger.
[0159] On the other hand, when it is determined that a predetermined temperature or its fluctuation or time is detected
in step S11, the controller 10 starts calibration. Specifically, the calibration controller 81 starts calibration on the basis
of the information from the temperature detector 70 and/or the timer 80. Here, when the calibration is started, the
calibration controller 81 activates the phase estimator 83 and the signal generator 21.
[0160] When it is determined that a predetermined temperature or its fluctuation or time is detected in step S11, the
electronic device 1 transmits a transmission wave T from a first transmitting antenna (transmitting antenna 25A) of a
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plurality of transmitting antennas 25 (step S12). When the transmission wave T is transmitted in step S12, the electronic
device 1 receives a reflection wave R of the transmission wave T from the receiving antenna 31 (step S13). Further, in
step S13, the controller 10 estimates (calculates) a first phase from the received reflection wave R. Specifically, in step
S13, the AD converter 35 converts the reception signal based on the reflection wave R received from the receiving
antenna 31 into a digital signal. Then, the phase estimator 83 estimates (calculates) a first phase on the basis of the
digital signal supplied from the AD converter 35. The phase estimator 83 supplies the calculated first phase to the
adjustment value calculator 85.
[0161] When step S13 is performed, the electronic device 1 transmits a transmission wave T from a second transmitting
antenna (transmitting antenna 25B) of a plurality of transmitting antennas 25 (step S14). When a transmission wave T
is transmitted in step S14, the electronic device 1 receives a reflection wave R of the transmission wave T from the
receiving antenna 31 (step S15). Further, in step S15, the controller 10 estimates or calculates a second phase from
the received reflection wave R. Specifically, in step S15, the AD converter 35 converts a reception signal based on the
reflection wave R received from the receiving antenna 31 into a digital signal. Then, the phase estimator 83 estimates
or calculates a second phase on the basis of the digital signal supplied from the AD converter 35. The phase estimator
83 supplies the calculated second phase to the adjustment value calculator 85.
[0162] When the first phase is estimated in step S13 and the second phase is estimated in step S15, the controller
10 calculates a phase adjustment value on the basis of these phases. Specifically, the adjustment value calculator 85
calculates the phase adjustment value from the first phase and the second phase supplied from the phase estimator
83. For example, the adjustment value calculator 85 may calculate a difference between the first phase and the second
phase. The controller 10 can compensate for the difference between the first phase and the second phase on the basis
of the phase difference, which is a difference between the first phase and the second phase. That is, the controller 10
can align phases of respective reflection waves R received by the receiving antenna 31 by adjusting a phase of at least
one of transmission waves T transmitted from a plurality of transmitting antennas 25, on the basis of the phase difference
described above.
[0163] In order to perform the above described operation, when the phase adjustment value is calculated in step S16,
the controller 10 notifies the phase controller 23 of the phase adjustment value (step S17). Specifically, in step S17, the
adjustment value calculator 85 notifies the phase controller 23 of the calculated phase adjustment value, which allows
the phase controller 23 to adjust a phase of at least one of transmission waves T transmitted from a plurality of transmitting
antennas 25, after the calibration. Then, after the calibration, the phases of respective reflection waves R received by
the receiving antennas 31 are aligned.
[0164] In this manner, as with the above described electronic device 1, the electronic device 2 according to an em-
bodiment transmits, as transmission waves T, radio waves whose frequency changes over time from a plurality of
transmitting antennas 25. Here, a plurality of transmitting antennas 25 may be the transmitting antenna 25A and the
transmitting antenna 25B. Further, in the electronic device 2 according to an embodiment, as with the above described
electronic device 1, the phase controller 23 controls a phase of at least one of transmission waves T transmitted from
a plurality of transmitting antennas 25.
[0165] On the other hand, in the electronic device 2 according to an embodiment, when a phase of at least one of
transmission waves T is adjusted, the phase controller 23 may align phases of respective reflection waves R received
by the receiving antenna 31. Further, the phase controller 23 may align the phases of respective reflection waves R
received by the receiving antennas 31 on the basis of the result of receiving reflection waves R of the transmission
waves T transmitted from a plurality of transmitting antennas 25. Further, the phase controller 23 may adjust a phase
of at least one of transmission waves T so as not to cause a phase difference between the reflection waves R on the
basis of phases of respective reflection waves R estimated on the basis of the result of receiving each of the reflection
waves R from the receiving antenna 31.
[0166] Further, in the electronic device 2 according to an embodiment, the phase controller 23 may perform calibration
on the basis of detection of a predetermined temperature. Further, in the electronic device 2 according to an embodiment,
the phase controller 23 may perform calibration on the basis of detection of a predetermined temperature change.
Moreover, in the electronic device 2 according to an embodiment, the phase controller 23 may perform calibration on
the basis of passage of a predetermined time. Further, in the electronic device 2 according to an embodiment, the phase
controller 23 may perform calibration on the basis of activation or starting of the electronic device 2.
[0167] As described above, according to the electronic device 2 of an embodiment, calibration is performed even if
the function part affected by the temperature causes a phase fluctuation due to temperature fluctuation. Further, according
to the electronic device 2 of an embodiment, calibration is performed even if the phase fluctuation is caused by a change
in the permittivity in the path of the electromagnetic wave due to passage of time. In this manner, according to the
electronic device 2 of an embodiment, the phases of reflective reflection waves R received by the receiving antenna 31
are aligned by calibration.
[0168] In the above described embodiment, in step S11 in FIG. 10, calibration is performed with a predetermined
temperature or a fluctuation of the temperature or a predetermined elapse as a trigger. However, in step S11, calibration
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may be triggered by any one of the followings: reaching a predetermined temperature; a predetermined temperature
fluctuation; and elapse of a predetermined time. Further, in another embodiment, calibration may be performed on the
basis of activation or starting of the electronic device 1 in step S11.
[0169] Although the present disclosure has been described on the basis of the drawings and the examples, it is to be
noted that various changes and modifications may be made easily by those who are ordinarily skilled in the art on the
basis of the present disclosure. Accordingly, it is to be noted that such changes and modifications are included in the
scope of the present disclosure. For example, functions and the like included in each function part can be rearranged
without logical inconsistency. A plurality of function parts can be combined into one or divided. Each embodiment
according to the above described disclosure is not limited to being faithfully implemented in accordance with the above
described each embodiment, and may be implemented by appropriately combining each feature or omitting a part thereof.
That is, those who are ordinarily skilled in the art can make various changes and modifications to the contents of the
present disclosure on the basis of the present disclosure. Therefore, such changes and modifications are included in
the scope of the present disclosure. For example, in each embodiment, each function, each component, each step and
the like may be added to another embodiment without logical inconsistency, or replaced with each function, each com-
ponent, each step and the like of another embodiment. Further, in each embodiment, a plurality of functions, components
or steps can be combined into one or divided. Moreover, each embodiment according to the above described disclosure
is not limited to being faithfully implemented in accordance with the above described each embodiment, and may be
implemented by appropriately combining each feature or omitting a part thereof.
[0170] The above described embodiment is not limited to the implementation as the electronic device 1 and the
electronic device 2. For example, the above described embodiment may be implemented as a control method of a device
such as the electronic device 1 and the electronic device 2. Moreover, the above described embodiment may be imple-
mented as a control program of a device such as the electronic device 1 and the electronic device 2.
[0171] In the above described embodiment, the number of the transmitting antennas 25 is assumed to be two. However,
in an embodiment, the number of the transmitting antennas 25 may be three or more. When three or more transmitting
antennas 25 are used, one of the transmitting antennas 25 may be a reference antenna. In this case, the phase of the
transmission wave transmitted by the transmitting antenna 25 may be controlled according to the path difference D in
a predetermined direction between the transmission wave transmitted by the reference antenna and the transmission
wave transmitted by the other transmitting antenna 25. Further, when the phase is controlled in the above described
manner, the phase may be adjusted on the basis of the frequency f of transmission wave.
[0172] The electronic device 1 and the electronic device 2 according to an embodiment may include, for example,
only the phase controller 23 as a minimum configuration. On the other hand, the electronic device 1 and electronic device
2 according to an embodiment may include, as appropriate, in addition to the phase controller 23, at least one of the
controller 10, the signal generator 21, and the transmitting antenna 25 illustrated in FIG. 2. Further, the electronic device
1 and the electronic device 2 according to an embodiment may be configured by including, as appropriate, in addition
to the phase controller 23, instead of or together with the above described function part, at least one of the receiving
antenna 31, the AD converter 35, the range FFT processor 11, the speed FFT processor 12 and the arrival angle
estimator 13. In this manner, the electronic device 1 and the electronic device 2 according to an embodiment may be
configured in various manners. Further, when the electronic device 1 and the electronic device 2 according to an em-
bodiment are mounted on the moving body 100, for example, at least one of the above described function parts may be
provided in an appropriate place such as inside the moving body 100. On the other hand, in an embodiment, for example,
at least one of the transmitting antenna 25 and the receiving antennas 31 may be mounted outside the moving body 100.
[0173] Further, in the present disclosure, the controller 10 may set parameter values of the parameter setting portion
16 according to the position of the moving body 100. For example, the controller 10 may use the parameter value of the
parameter setting portion 16 as a setting value for sensing a long-distance narrow-angle range when the moving body
100 is traveling at a high speed, and as a setting value for sensing the left and right of the intersection in a short-distance
wide angle when the moving body 100 is entering the intersection. The multifunction radar in this case can respond
seamlessly and precisely to the situation of the moving body 100.

REFERENCE SIGNS LIST

[0174]

1, 2 Electronic device
10 Controller
11 Distance FFT processor
12 Speed FFT processor
13 Arrival angle estimator
14 Object detector
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15 Detection range determining portion
16 Parameter setting portion
18 Memory
20 Transmitter
21 Signal generator
22 Synthesizer
23 Phase controller
24 Amplifier
25, 25A, 25B Transmitting antenna
30 Receiver
31, 31A, 31B, 31N Receiving antennas
32 LNA
33 Mixer
34 IF
35 AD converter
40 Sensor
50 ECU
70 Temperature detector
80 Timer
81 Calibration controller
83 Phase estimator
85 Adjustment value calculator
100 Moving body
200 Object

Claims

1. An electronic device configured to transmit, as transmission waves, radio waves whose frequency changes over
time from a plurality of transmitting antennas, comprising:

a phase controller configured to control a phase of at least one of the transmission waves transmitted from the
transmitting antennas so that phases of respective transmission waves transmitted from the transmitting an-
tennas are aligned in a predetermined direction, wherein
the phase controller adjusts the phase of at least one of the transmission waves on the basis of frequency of
the transmission wave.

2. The electronic device according to claim 1, wherein the phase controller adjusts the phase of at least one of the
transmission waves almost in synchronization with a change of the frequency over time.

3. The electronic device according to claim 1 or 2, wherein the phase controller adjusts the phase of at least one of
the transmission waves so that a phase difference with respect to a reference transmission wave will be a constant
value.

4. The electronic device according to any one of claims 1 to 3, wherein the phase controller controls the phase of at
least one of the transmission waves, according to a path difference of each of the transmission waves transmitted
from the transmitting antennas in the predetermined direction.

5. The electronic device according to any one of claims 1 to 4, comprising:

a memory configured to store a phase adjustment amount corresponding to the frequency of the transmission
wave, wherein
the phase controller controls the phase of at least one of the transmission waves on the basis of a phase
adjustment amount corresponding to the frequency of the transmission wave stored in the memory.

6. The electronic device according to any one of claims 1 to 4, wherein the phase controller adjusts the phase of at
least one of the transmission waves on the basis of the phase adjustment amount calculated from the frequency of
the transmission wave.
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7. The electronic device according to claim 6, wherein the phase controller adjusts the phase of at least one of the
transmission waves on the basis of the phase adjustment amount obtained from filter processing of the frequency
of the transmission wave.

8. The electronic device according to any one of claims 1 to 7, comprising a controller configured to estimate, on the
basis of a reflection wave of a transmission wave transmitted from the transmitting antennas and reflected by a
predetermined object, at least any one of a distance to the predetermined object, an azimuth with respect to the
predetermined object and a relative velocity with respect to the predetermined object.

9. The electronic device according to any one of claims 1 to 8 configured to transmit a transmission wave whose
frequency changes linearly over time.

10. The electronic device according to any one of claims 1 to 9 configured to transmit a transmission wave whose
frequency changes periodically over time.

11. The electronic device according to any one of claims 1 to 10 configured to transmit a millimeter-wave band radio
wave as the transmission wave.

12. The electronic device according to claim 11 configured to transmit, as the transmission wave, a radio wave with a
frequency bandwidth of 77 GHz or higher and 81 GHz or lower.

13. A control method of an electronic device, comprising:

a transmission step of transmitting, as a transmission wave, a radio waves whose frequency changes over time
from a plurality of transmitting antennas;
a phase control step of controlling a phase of at least one of transmission waves transmitted from the transmitting
antennas so that phases of respective transmission waves transmitted from the transmitting antennas are
aligned in a predetermined direction; and
a phase adjustment step of adjusting the phase of at least one of transmission waves on the basis of a frequency
of the transmission wave.

14. A control program of an electronic device configured to cause a computer to execute:

a transmission step of transmitting, as a transmission wave, a radio waves whose frequency changes over time
from a plurality of transmitting antennas;
a phase control step of controlling a phase of at least one of transmission waves transmitted from the transmitting
antennas so that phases of respective transmission waves transmitted from the transmitting antennas are
aligned in a predetermined direction; and
a phase adjustment step of adjusting the phase of at least one of transmission waves on the basis of a frequency
of the transmission wave.

15. An electronic device configured to transmit, as a transmission wave, a radio wave whose frequency changes over
time from a plurality of transmitting antennas, comprising:

a phase controller configured to control a phase of at least one of transmission waves transmitted from the
transmitting antennas, wherein
the phase controller adjusts, on the basis of a result of receiving, from a receiving antenna, each of reflection
waves of transmission waves transmitted from the transmitting antennas, a phase of at least one of the trans-
mission waves so that phases of respective reflection waves received by the receiving antenna are aligned.

16. The electronic device according to claim 15, wherein the phase controller adjusts, on the basis of phases of respective
reflection waves estimated on the basis of the result of receiving, from the receiving antenna, each of the reflection
waves, the phase of at least one of the transmission waves, so as not to cause a phase difference in each of the
reflection waves.

17. The electronic device according to any one of claims 1, 15 and 16, wherein the phase controller adjusts the phase
of at least one of the transmission waves on the basis of detection of a predetermined temperature.
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18. The electronic device according to any one of claims 1 or 15 to 17, wherein the phase controller adjusts the phase
of at least one of the transmission waves on the basis of detection of a predetermined temperature change.

19. The electronic device according to any one of claims 1 or 15 to 18, wherein the phase controller adjusts the phase
of at least one of the transmission waves on the basis of elapse of a predetermined time.

20. The electronic device according to any one of claims 1 or 15 to 19, wherein the phase controller adjusts the phase
of at least one of the transmission waves on the basis of activation or starting of the electronic device.
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